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The mission of the NIA
is the "conduct and
support of biomedical,
social and behavioral
research, training,
health information
dissemination, and
other programs with
respect to the aging
process and the
diseases and other
special problems and
needs of the aged.”

Research on Aging Act
of 1974, as amended in
1990 by P.L. 101-557.

Foreword

The Intramural Research Program (IRP) in the National Institute on Aging
(NIA) comprises 11 scientificlaboratories, aclinical research branch, a
research resources support branch and 2 sections. The research program
includes the scientific disciplines of biochemistry, cell and molecular
biology, genetics, physiology, immunology, neuroscience, neurogenetics,
behavioral sciences (psychology, cognition, psychophysiology), epidemi-
ology, statistics, and clinical research and the medical disciplines of
neurobiology, immunology, endocrinology, cardiology, rheumatol ogy,
hematology, oncology, and gerontology. Medical problems associated
with aging are pursued in depth using the tools of modern laboratory and
clinical research. The central focus of our research is understanding age-
related changes in physiology and the ability to adapt to environmental
stress. This understanding is then applied to developing insight about the
pathophysiology of age-related diseases. The program seeks to understand
the changes associated with healthy aging and to define the criteriafor
evaluating when a change becomes pathologic. Thus, not only are the
common age-related diseases under study (e.g., Alzheimer’s Disease,
Parkinson’s Disease, stroke, atherosclerosis, osteoarthritis, diabetes,
cancer), but the determinants of healthy aging are also being defined.

IRP research is conducted in several sites; most of the laboratories are
based at the Gerontology Research Center and the Triad Building on the
Johns Hopkins Bayview Campusin Baltimore, Maryland. The Clinical
Research Branch’s Advanced Sudiesin Translational Research on Aging
(ASTRA) Unit islocated at Harbor Hospital, afew miles south of the
Bayview Campus in Baltimore, Maryland. The section of Brain Physiol-
ogy and Metabolism and the Laboratory of Neurogenetics are located in
the Clinical Center on the NIH main campus in Bethesda, and the Labora-
tory of Epidemiology, Demography, and Biometry islocated in the Gate-
way Building in Bethesda.

The IRP provides a stimulating academic setting for acomprehensive
effort to understand aging through multidisciplinary investigator-initiated
research. In addition, an effort is made to encourage synergistic interaction
and collaboration through interlaboratory collaboration. The program
offers many excellent training opportunities in both laboratory and clinical
medicine with awealth of valuable resources. The NIA is committed to
training researchersfor lifetime careersin the biomedical and behavioral
sciences.

Dan L. Longo, M.D.
Scientific Director
National Institute on Aging






Laboratory of Cardiovascular Science

Edward G. Lakatta, M.D., Chief

Gerontology Research Center
Room 3-B-04

Phone 410-558-8202

Fax 410-558-8150

The Laboratory of Cardiovascular Science (L CS) wasestablishedin
1985 as an outgrowth of the Cardiovascular Section of the Clinical Physiol-
ogy Branch. LCSis presently organized into two sections. Cardiac Function
and Behavioral Hypertension. The Cardiac Function Section, which com-
prised theentire LCSat itsincipience, isorganized into nine functional
units, each headed by atenured or senior scientist: the Cardiovascular Gene
Therapy Unit, the Cardiovascular Biology Unit, the Calcium Signaling
Unit, the Cardioprotection Unit, the Cellular Biophysics Unit, the Hyperten-
sion Unit, the Receptor Signaling Unit, the Human Cardiovascular Studies
Unit, and the Molecular Cardiology Unit. The Behavioral Hypertension
Section had formerly been part of the Laboratory of Behavioral Science,
and joined LCSin 1997.

Theoveral goalsof the Laboratory of Cardiovascular Scienceare (1) to
identify age-associated changesthat occur within the cardiovascular system
and to determine the mechanismsfor these changes; (2) to determine how
aging of the heart and vascul ature interacts with chronic disease statesto
enhancetherisk for CV diseasesin older persons; (3) to study basic mecha-
nismsin excitation-contraction coupling in cardiac cellsand how these are
modul ated by surface receptor signaling pathways; (4) to elucidate factors
that maintain stem cell pluripotentiality, that promote the commitment of
stem cellsto the cardiac lineage, and that regulate their devel opment as
cardiac cells; (5) to elucidate mechanismsthat govern cardiac and vascul ar
cell survival; (6) to determine mechanismsthat govern neuro-hormonal
behavioral aspects of hypertension; and (7) to establish the potentialsand
limitations of new therapeutic approaches such aschangesin lifestyle, novel
pharmacol ogic agents or gene or stem cell transfer techniquesin aging or
cardiovascular disease states. |n meeting these objectives, studiesare per-
formed in human volunteers, intact animals, isolated heart and vascul ar
tissues, isolated cardiac and vascul ar cells, and subcellular organelles.



To achieve anintegrative research program, | have attempted to encourage
and foster an L CS environment in which multipleindividual s can produc-
tively and comfortably interact. Thus, in addition to my continuing effortsto
conceptualize the various aspects of the LCS strategic plan, recasting
existing programs, creating and maintai ning the research environment,
inaugurating new ones, and recruiting qualified individualsto devel op these
programs, | expend substantial time and energy to create and maintain this
interactive research environment. In order to establish linksamong individu-
alsthat capitalize on their strengths and compensate for their shortcomings, |
do my best to assesstheir creative ability, knowledge and motivation. The
success of thisapproach requires an understanding of each person’ sneeds,
which vary from outright direction to coaching, support, or complete
delegation. (Thisapproach appliesnot only to the mentoring of junior
postdoctoral fellowsasthey mature, but also to my interactionswith tenured
scientists, technicians, clerical staff, etc.) Consequently, many of the LCS
projects become multi-faceted, spanning arange from humansto molecules
dueto links among individualswithin LCS, and their networking with other
instituteswithinthe NIH, academicinstitutions, and industry. I ntegration of
L CSresearch efforts, or interdisciplinary research, occursto avariable
extent at multipleinterfaces: anong different scientific disciplines, e.g.,
epidemiology, genetics, physiology, pharmacology, biophysics, biochemis-
try and molecular biology; across species, from humansto rodent model s of
development to aging; within an organism, e.g., cardiovascular system,
heart (H): vascular (V), H-V coupling, tissue, cell, molecule; and among
factorsthat impact on an organism, e.g., age, disease and life style (and
soon, genetics). Thetable on page 4 depictsthe resultant LCS Research
Program mosaic in schematic form. Theleft hand columnin the schemelists
the various experimental modelsemployed in the Lab’ sresearch program
(i.e., humansto molecules). Thethreeright hand columnslist the general
modes of research that may occur within each model system, e.g., intrinsic
mechanisms, and acute or chronic modulation of these mechanisms. During
any given epoch, each address (horizontal-vertical coordinate) in the scheme
may consist of one or several projects, depending upon the personnel
constituency and expertise within the Lab at thetime. Also, active collabora-
tions have been established within and outside of NIA, including foreign
Stes.

AsLab Chief, the nature of my specificinteractionswith individualswithin
theLab varieswidely. LCStenured scientists, senior fellows, and tenure
track investigatorsindependently choosetheir specific research projects,
within the broad framework of the Lab’smission. Theseindividualsserve as
mentorsfor junior fellows. Occasionally, projectsoriginate at thefellow/
investigator level and are coordinated by their mentors. Often, | aminvited



by tenured or tenure-track scientists, unit heads, or senior fellows, to
participate, asacollaborator, in various projectswithin their programs. In
the broad sense, the collective research output of the LCS can be considered
to bea“bottom up” approach. Asaresult, the LCS environment has, in my
opinion, become somewhat unique: it isnot strictly akinto auniversity
department, in which each member dictates his/her mission and isrequired
to apply for individual funding in order to implement the proposed program;
however, neither isthe LCS environment strictly “mission oriented” inthe
sensethat an individual isnot mandated to work on specific projectsina
“top down” approach.



Laboratory of Cardiovascular Science - Resear ch Program

Experimental Model

Intrinsic M echanisms

Acute M odulation of Intrinsic
M echanisms

Chronic M odulation of
Intrinsic M echanisms

Cardiac structure Drugs Age, gender, race, socioeconomic status
Vascular structure Postural reflexes Disease (CAD, hypertension), risk
Humans Cardiovascular function at rest Exercise stress factors, and prevention
Genetics
Intact Animals Arterial remodeling of aging Novel drugs Age
Heart Failure _Cardla_c remodeling post myocardial G_rowth factors
Hypertension |_nfarct|on, endogenous na/lK ATPase Diet _
b ligands Thyroid status
Aging L Gere expression Local or systemic drug delivery
Preconditioning VSMC proliferation and migration Gere therapy
Arterial Injury Stem cell therapy
Myocardial contractile properties, Ischemia Age
excitation-contraction coupling, Ca2+ Anoxia, hypoxia Diet
Isolated Heart or Cardiac | signals, action potertials Free radicals Exercise
Muscle Neuropeptides Hyperthyroid state
Novel drugs Cardiomyopathy
Stretch Heart failure
Membrane ionic channel currents Receptor stimulated second Development
Cardiac cell contraction messengers Age
Cystolic Ca2+ signals Neuropeptides Disease
Mitochondrial Ca2+ signals Stretch Heart failure
Cardiac Cells Sarcolemmal ion transport Anoxia, hypoxia Hypertension
Myocytes Sarcoplasmic Reticulum function Free radicals Diet
Fibroblasts Apoptosis Novel drugs Growth factors
Anesthetics Hypoxia
Growth factors
Novel endocardial factors
Novel endothelial factors
Cystolic Ca2+ and pH regulation Shear stress Atherosclerosis
Proliferation and secretion Receptor agonists/antagonists Arterial injury
Chemotaxis and invasion Growth factors Aging
Matrix regulation Anoxia, hypoxia Dedifferentation
Vascular Smooth Muscle | 1y, jiyimicrotuple dyramics Stretch
and Endothelial Cells Differentation regulation Anti-microtubule agents
Angiogenesis Matrix degradation
Antisense inhibition and gene
overexpression
Stem Cells Mechanisms of pluripotency Homing factors (I)Déflfsereftanon into heart and vascular
NaK transport systens lonic composition Age
Sarcolemmal ion channels Adenire nucleotides Heart failure
Sarcoplasmic reticulum Ca2+ cycling Neuropeptides Hypertension
Sub-Cell Organelles Mitochondrial membrane potertial Ischemia, anoxia
reguation, ATP K+ channels Drugs
Reactive oxygen species
Genomics-SAGE cDNA assays lonic transportation mechanisms Age
Control mechanism of gene expression in | Stretch mechanisms Hormones
heart and vascular cells, ryanodine Growth factors Hypertension
receptors, |P 3 receptors, G proteins Neuropeptides Heart failure
Molecules Expression of (1) isozymes: e.g. myosin | Nitric Oxide Genetic manipulation
heavy chain, Na-K ATPase, (2) proteins | Reactive oxygen species

HSP oncogenes, ANF, pump or
channels proteins (e.g. SR Ca ATPase,
sarcolemmal Ca 2+ and K+ channels
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Edward G. Lakatta, M.D., Senior Investigator
Chief, Laboratory of Cardiovascular Science and
Cardiac Function Section

Gerontology Research Center
Room 3-B-04

Phone 410-558-8202

Fax 410-558-8150

E mail lakattae@grc.nia.nih.gov

Biography: Dr. Lakatta received his M.D., Magna cum laude, at Georgetown Univer-
sity School of Medicine. Following an internship and residency in Medicine at Strong
Memorial Hospital, University of Rochester, Rochester, N.Y., he trained in basic research for two years at the
NIH. Subsequently, he completed his cardiology fellowship at Georgetown and Johns Hopkins University
Schools of Medicine. This was followed by a year of basic research training in the Department of Physiology,
University College and the Cardiothoracic Institute, London England. Dr. Lakatta is the Chief of the Laboratory
of Cardiovascular Science, National Institute on Aging. He also holds adjunct appointments as Professor,
Department of Physiology, University of Maryland School of Medicine, and Professor, Cardiology Division,
Johns Hopkins School of Medicine. Dr. Lakatta is recognized nationally and internationally as an expert in
cardiovascular research. He has authored over 270 original publications in top peer reviewed cardiovascular
journals, written over 180 invited reviews/book chapters and delivered over 320 invited lectures. He is a
member of multiple scholarly societies and journal editorial boards. He has received several awards, among
which has been election into the American Society for Clinical Research, the Association of American
Physicians. Dr. Lakatta has also been elected as a fellow in the APS Cardiovascular Section, a fellow of the
American Heart Association (F.A.H.A.) and is an Inaugural Fellow of the Council on Basic Cardiovascular
Sciences of the American Heart Association.

Keywords: Dr. Lakatta directsthe Car diac Function Section (CFS) which has abroad

cardiovascular aging based research program ranging from studiesin humansto molecul es.

G protein coupled cardiac
receptors

cardiac apoptosis
vascular cell chemotaxis

Recent Publications:

Xiao RP, et al. Circulation

2003; 108(13): 1633-1639.

Scuteri A, etal. J
Hypertens 2003; 21(7):
1339-1346.

Boheler KR, et al. Proc
Natl Acad Sci 2003;
100(5): 2754-27509.

Vinogradova TM, et al.
Circ Res 2002; 90(1): 73-
79.

Further studies examinethefunctional effects of reactive oxygen and
nitrogen species on cardiovascular function. Thereisconsiderable evidence
that these play important rolesin health and in disease states, including
myocardial ischemia, congestive heart failure and atherosclerosis. These
reactive speciesmay frequently exert dramatically opposite biological
effects, yet the spectrum of molecular targets overlapsto aconsiderable
degree, particularly with respect to critical or regulatory thiol siteson
proteins. Experiments are designed to examine how the dynamic
competition between these species may beimportant in the evol ution of
various pathophysiological states, and how local control over nitric oxide
and reactive oxygen species (ROS) production, and hencetargeting, is
responsiblefor some of the most important aspects of their physiologic and/
or pathological roles. Specific areas of interest include, (1) therelationship
between ROS, the redox state, and the function of mitochondria, and, (2)
therole of NO in excitation-contraction coupling in heart.

Laboratory of Cardiovascular Science


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99115406&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99115406&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99252131&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99252131&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99252131&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99150713&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99150713&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99150713&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20035153&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20035153&dopt=Citation
mailto:lakattae@grc.nia.nih.gov

Collaborators: Rui-Ping Xiao, M.D., Ph.D., Kenneth R. Boheler, Ph.D.,
Michael Crow, Ph.D., Heping (Peace) Cheng, Ph.D., Steven Sollott, M.D.,
Laboratory of Cardiovascular Science, NIA; JeromelL. Fleg, M.D., Na
tional Heart, Lung and Blood Institute, NIH; George Krause, Ph.D., Max
Delbruck Centrefor Molecular Medicine; Steven Houser, Ph.D., Temple
University School of Medicine; Brian Kobilka, M.D., Stanford University;
Robert Lefkowitz, M.D., and Walter Koch, Ph.D., Duke University Medi-
cal Center; Remesh Gopal, MBBS, Northwestern University; Ajay Shah,
M.D., University of Wales College of Medicine; Konstantin Bogdanov,
M.D., Russian Academy of Medical Sciences, Gary Gerstenblith, M.D.,
Edward Shapiro, M.D., Frank Yin, M.D., and Peter Vaitkevicius, M.D.,
Johns Hopkins Medical School; Ruth Altschuld, Ph.D., Ohio State Univer-
sity; W. Jonathan Lederer, Ph.D., University of Maryland School of Medi-
cine; Maurizio Capogrossi, M.D., Institute of Dermatology, Rome, Italy;
Oscar Bing, M.D., Boston VA Medical Center; David Kass, M.D., Johns
Hopkins Hospital; Xilin Long, Ph.D., University of Maryland; Lewis
Becker, M.D., Johns Hopkins University; KostjaBogdanov, Ph.D., Na-
tional Cardiology Research Center, Moscow, Russia; David Dostal, Ph.D.,
Pennsylvania State University; Marvin Boluyt, Ph.D., University of Michi-
gan; Kenneth Baker, M.D., Pennsylvania State University; George Roth,
Ph.D., Donald Ingram, Ph.D., Laboratory of Experimental Gerontology,
NIA; Richard Havlik, M.D., M.P.H., Laboratory of Epidemiology, Demog-
raphy, and Biometry, NIA; Kim Sutton-Tyrrell, Ph.D., University of Pitts-
burgh.
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Heping (Peace) Cheng, Ph.D., Investigator
Calcium Signaling Unit, Cardiac Function Section

Gerontology Research Center
Room 3-D-09

Phone 410-558-8634

Fax 410-558-8150

E mail chengp@grc.nia.nih.gov

Biography: Dr. Cheng studied fluid dynamics, physiology and bioengineering, and
then served as a faculty member in Peking University, China. To advance his career

in biomedical sciences, he came to the United States in 1989, received his Ph.D. (physiology) from the
University of Maryland and joined the Laboratory of Cardiovascular Science in 1995. During Ph.D. research,
he discovered “Ca?* sparks,” now known as the elementary events of Ca?* signaling in many types of cells.
His current research interest focuses on local Ca?* signaling in muscles and neurons. These studies enlist an
array of state-of-the-art techniques (e.g., confocal microscopy, electrophysiology and laser flash photolysis),
gene-targeted animal models and mathematical modeling.
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Ca* Sparks: Ca?* sparks, extremely limited in space (~2 mm) and time
(10-100 ms), arethe elementary sarcoplasmic reticulum (SR) Ce&* release
packets. The detection of sparkswas made possible with the advent of
confocal microscopy and indicatorsthat fluoresce negligibly when free of
Ca&* and havefast reaction kinetics. In heart muscle, the exqui siteness of
excitation-contraction coupling isreflected by the ability of asingleL-type
Ca&** channel to activate aCa?* spark, dueto thelargeincreaseinlocal Ca?*
concentration ([Ca**].) inthevicinity of RyRsthat arein close apposition of
the L-type channel. Summation of Ca?* sparksgivesriseto global intracel-
lular [Ca?]. transients, billions (>10%) of Ca?* sparks are expected toignite
synchronously to drive each heart beat. Surprisingly, Ca?* sparksrelax,
rather than constrict, vascular smooth muscle cells. Thereason for this
spark-induced relaxant effect isbecauselocal [Ca*], gradients established
by subsarcolemmal sparks activates Ca?*-sensitive K+ channels, and thereby
hyperpolarizes surface membrane and shuts off Ca?* influx. Thisisaclassic
casethat agiven signaling molecule may exert opposing physiological
effectsdueto spatial compartmentalization.

Despite extensive studies over the last five years, the origin and the exact
nature of Ca?* sparksremain elusive: whether Ca?* sparks are single-channel
eventsor acollective phenomenon of clusters of RyRs? What makesthe
spark size twice that predicted by theory? How big isthe Ca?*rel ease flux
underlying aspark? What mechanism terminates Ca?*sparks (see below)?
To addressthese fundamental questions, we embark on novel imaging
techniques, digital imaging processing algorithmsand models of spark
generation.
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Nanoscale Excitation-Contraction Couplingin Heart Cells: The central
theme of our research has been on cardiac excitation-contraction coupling
(ECC) mechanism at the molecular level. By visualizing the smallest pack-
etsof trigger Ca* entry, Ca?* sparkletsfrom openings of single L-type Ca?*
channelsin the plasmamembrane, we were ableto determinethefidelity,
kinetics, and stoichiometry of Ca?* sparkletsin activating the elementary
release Ca?* signals, Ca?* sparksfrom clusters of ryanodine receptors
(RyRs) inthe sarcoplasmic reticulum (SR). We found that the sparkl et-spark
coupling in cardiac myocytesisgoverned by the classic Ca-induced Ca?*
release (CICR) mechanism, and follows a stochastic process of thefirst
order kinetics. Thisnot only delineates ECC at an unprecedented resol ution,
but also allowsfor thefirst real -time visualization of intermolecular commu-
nicationinintact cells. Wethen investigated RyR interactionswithin their
two-dimensional paracrystallinearraysin cells, and thelong-standing
guestion on the exact nature of Ca?* sparksin terms of the number of RyRs
involved. With the aid of Ca?* sparklets asthe optical standard, we measured
spark Ca?* fluxes and discovered the quantal substructure of Ca?* sparks.
Thequantal analysisindicated that Ca?* sparks are not all-or-none activation
of the RyR arrays. Rather, aspark involvesavariable number (1-8) of
RyRs, which comprise only asmall fraction of the array of typically 100
RyRs. Interplay of RyRs confers new regulatory mechanismsto controlling
Ca?* release, which was heretofore unappreciated. In particular, RyRsin
multi-channel sparksare subject to negative feedback regulation and mani-
fest athermodynamically irreversible behavior, resulting in brief and stereo-
typed release duration. Furthermore, we explored possible mechanism
underlying termination of ECC. Our results provided unequivocal evidence
that individual Ca?* rel ease units becomerefractory after firing of aspark,
supporting the notion on use-dependent inactivation of RyRsthat we
proposed inthelast Board of Scientific Counselorsreview. Thesethree

maj or advancements have considerably deepened our understanding of the
fundamental mechanisms conceal ed in the nanoscopic space of ECC
machinery inthe heart.

Termination of Ca**-Induced Ca* Release: In cardiac myocytes, Ca?*
release from RyR in the SR is activated by the Ca?*-induced-Ca* release
(CICR) mechanism. CICR, with itsinherent positive feedback, is expected
to operatein an “all-or-none” fashion. In order to generate Ca?* transients of
graded amplitude and robust stability, aregulatory mechanism must exist to
counteract theregenerative CICR. Several mechanisms, including inactiva-
tion, adaptation, and stochastic closing of RyRs have been proposed, but no
conclusive evidence has yet been documented. Our recent study has shown
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that FK506-binding protein (FKBP), an immunophilin and accessory
protein of RyR, constitutes a prominent regulator of CICR viashortening
the duration of the elementary rel ease events (Ca?* sparks) and accelerating
the desensitization of RyR to Ca?*. To elucidate the primary termination
mechanism of CICR, wefirst developed anovel fluorescent technique. By
combination of afast, linear Ca?* indicator, Oregon Green BAPTA 5N, and
ahigh concentration of Ca?* chelator, EGTA, Ca?* release was visualized as
discrete” Ca?* spikes’ restricted to T tubule-SR junctions, each consisting of
single or afew Ca&* sparks. Increasing the open duration and promoting the
reopens of Ca?* channelswith the Ca2* channel agonists, FPL64176, did not
prolong or trigger secondary Ca?* spikes, even though 2/3 of the SR Ca?*
remained availablefor release by caffeine. Latency analysisreveaed that
Ca?* spikes coincided with thefirst openings, but not with the reopens, of L-
type Ca?* channels. Furthermore, after aninitial maximal release (e.g., at 0
mV), even amulti-fold increasein unitary Ca?* current produced by ahyper
polarization stepto-120mV, failed to trigger additional release, indicating
an absolute refractoriness of RyRs. When the rel ease was submaximal (e.g.,
at +30 mV), tail currents upon hyper polarization did activate additional
Ca* spikes, confocal imagesreveal ed that thetail release originated from
those unfired during depolarization. Theseresultsindicate that Ce?* release
isterminated primarily by ahighly localized, use-dependent inactivation of
RyRs, but not by stochastic closing and adaptation of RyRs, or depletion of
SR C&*inintact ventricular myocytes.

Collaborators: William C. Balke, University of Maryland; Wayne Chen,
University of Calgary; Xiang-Dong Fu, University of California San Diego;
Robert Dirksen, Rochester University; Jianjie Ma, University of Medicine
and Dentistry of New Jersey; Eduardo Rios, Rush University; James
Russell, National Institute of Child Health and Human Development, NIH;
Arnold Schwartz, Cincinnati University; James Sham, Johns Hopkins
University; Yibin Wang, University of CaliforniaLos Angeles, Caihong
Wu, Peking University, Beijing, China; Zhuan Zhou, I nstitute of Neuro-
science, Shanghai, China; Edward G. Lakatta, Michael D. Stern, Rui-Ping
Xiao, Kenneth Boheler, Laboratory of Cardiovascular Science, NIA.
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We are studying structure and function of cellsfrom the cardiovascular
system along two principal and distinct lines: 1) mechanismsof cardiac
contractility, and 2) cellular changes after vascular injury. An underlying
themein both of these areasinvolvesthe pursuit and devel opment of single
cell biophysical methodsto overcome certain limitations and complexities
inherent ininvivo and in multicellular in vitro experimental systems, togain
an understanding of basic cell biological processesthat may haveimplica-
tionsfor the pathophysiology and treatment of human disease.

M echanismsof Car diac Contractility: Principal research efforts, often
employing these newly-devel oped biophysical methods, have focused on
theregulation of contractility inintact cardiac myocytes, with particular
emphasis on modulation of myofilament contractile activation by novel
signaling pathways, for example, viaaterationsin the balance of specific
kinase/phosphatase pathways, viacross-talk between the cGMP- and
cAMP-dependent pathways, and viaendogenous nitric oxide-dependent
mechanisms. Recent work hasfocused on novel mechanisms of recruitment
of contractile activation underlying the Frank-Starling response.

M echanismsof Perturbed Mitochondrial Function in Cardiac
Myocytes. Mitochondriaplay acentral rolein theregulation of apoptosis,
and contribute to the pathogenesi s of human degenerative diseases, aging,
and cancer. Mitochondrial perturbations can havethisresult inanumber of
ways. by disrupting electron transport and energy metabolism, by releasing
and/or activating proteinsthat mediate apoptosis, and by altering cellular
redox potential together with the generation of reactive oxygen species
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(ROS). Recent research isfocusing on the rel ationshi p between the mito-
chondrial electrochemical gradient, ROS production, induction of the
permeability transition pore, and functional sequella, including ischemia/
reperfusion and myocardial preconditioning.

Cellular Responseto Vascular Injury: The other major research direction
involvestheinvestigation of basic cellular responses of vascular smooth
muscle cells during gradient-directed chemotaxis, in order to gain insight
into fundamental eventsin the pathogenesisof vascular disease. These
experimentswith vascular smooth muscle cells have enabled an understand-
ing of how focal receptor-tyrosine-kinase activation coordinates the cascade
of signaling traffic and the reorganization of the cytoskeleton, leading to
directed migration. Migration of vascular smooth muscle cellsfromthe
arterial mediato theintimaisakey event in the pathogenesis of occlusive
vascular disorders, including atherosclerosis and post-angioplasty restenosis.
Wefound that auniqueintracellular Ca?*-signaling profileisinitiated via
extracellular cues provided specifically by gradient exposureto PDGF,
achieving an apparent threshold for activation of CaM kinasell (requisite
during V SMC chemotaxis), and this phenomenon mediates VSM C chemot-
axis. Differencesin this specific Ca?* signaling paradigm among individual
cellsunderliesthe asynchronous occurrence rate of chemotaxisseenin

V SMC populations. Work is continuing to establish the mechanismsand
coordination of subcellular Ca?*-microdomains, compartmentali zation of
CaM kinasell activation and cytoskel etal rearrangements.

Theseideas have been applied to the search for strategiesto ameliorate the
complicationsof vascular injury. Wefound that nanomolar level s of
paclitaxel (taxol) blocked chemotaxisof VSMC in cultureviaspecific
interference with microtubul e function, without killing cells. Subsequent in
Vivo experiments showed that paclitaxel, given systemically to ratsat doses
achieving blood levels some 2 orders of magnitude below that usedin
oncologic therapeutics (i.e., averaging well below peak levels of 50 nM),
reducesthe extent of neointimal proliferation following balloon injury by
70-80% without apparent toxicity. Currently, studiesin larger mammalsare
under way to determinethefeasibility of initiating aclinical trial in humans.
Also, collaborative effortsare under way pursuing local paclitaxel delivery
schemes, such as paclitaxel-coated stents, for this purpose. A microtubule-
stabilizing-agent use-patent has been obtained for the applications of
paclitaxel (etc.) intreatment of atherosclerosisand restenosis, and a
CRADA has been established with private industry partners.
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|. Therapeutic Angiogenesis: The broad objective of thisprogramisto
perform preclinical experimentation on animal models of myocardial and
hindlimb ischemiaaswell ason different experimental models of heart
failureto evaluate the therapeutic potential of genetherapy with angiogenic
growth factors. In vivo experiments are aimed at characterizing clinically
relevant animal modelsand optimal conditions, vectors, and routes of
delivery at which genetransfer of angiogenic growth factorsinducethera-
peutic angiogenesis.

A) Adenovirus-mediated Gene Transfer of VEGF ,, Stimulates Angio-
genesisin Normoper fused Skeletal M uscles: Administration of angio-
genic factors has been shown to induce angiogenesisin the presence of
tissueischemiaand to improve blood perfusion. However, therewasno
clear evidence that angiogenesis can beinduced in normoperfused skeletal
muscles. Furthermore, it isalso unclear if onceinduced, the new-formed
vessels can preserve blood perfusion upon induction of ischemia. Accord-
ingly, wetested the hypothesisthat adenovirus-mediated intramuscular (IM)
genetherapy with vascular endothelial growth factor (AdCMV.VEGF
could augment collateral vessel devel opment in nonischemic skel etal
muscles and, subsequently, attenuate the hemodynamic deficitsrelated to
induced ischemia. Animalsreceived IM injectionsof AACMV.VEGF , ,
AdCMV.Null, or salinein the thigh 4 weeks (rabbits) or 2 weeks (rats)
beforeinduction of ischemiain theinjected limb. In rabbits, increased tissue
perfusion (TP) to theischemic limb was documented by a superior calf
blood pressureratio for VEGF,,, group versus controls, improved blood
flow in theischemic gastrocnemius (P<.001) and more angiographically
recognizable collateral vessels (angioscore) (P<.0001), at day 1 after sur-
gery. Inrats, we found a29% increasein capillary density for VEGF

121)
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(P<.03 vs. sdline) and an improvement of the bioenergetic profile of the
gastrocnemius muscl e obtai ned through 3P NM R spectroscopy. We con-
cluded that IM administration of VEGF,,, induces angiogenesisin
normoperfused skeletal muscles and the newly formed vessel s preserve
blood perfusion onceischemiadevel ops. This prophylactic approach could
have therapeutic significance as part of an alternative treatment strategy for
patientswith peripheral vascular disease.

B) Treatment with VEGF,, Encoded in Plasmid/liposome Complex
Stimulates Angiogenesisin RabbitsHindlimb | schemiaModel: Lipo-
some-based vectorsfor genetherapy are considered to have lower transfec-
tion rate that adenovirus-based vectors. Nevertheless, comprehensive, in
vivo, efficacy evaluation of liposome-based endothelial growth factorsgene
transfer for the treatment of tissueischemiawas not previously conducted.
Two days after surgical removal of thefemoral artery on oneside, the
ischemic tissue of different groups of rabbitswasinjected with different
concentrations of plasmid/liposome construct encoded with VEGF,
control substance (plasmid/liposome without expression cassette), or saline.
Blood pressuredistally to removed femoral artery, tissue blood flow, post-
mortem angiography and capillary density were assessed weekly, for four
weeks. Accel erated development of new capillariesand larger vesselswas
confirmed by all assessment techniques during thefirst two weeksin
VEGF . treated groups. In vivo angiogenic efficacy of plasmid/liposome
vector encoded with VEGF . was not inferior to that of adenoviral vector.

II. Experimental Model of Post Myocardial I nfarction Chronic Heart
Failure: In keeping with abroad objective of the program we mustered the
techniquesfor in vivo assessment of cardiac functioninratsand mice - the
high resolution Doppl er-Echocardiography and pressure/volumeloop
analysiswithintracardiac pressure-conductance catheter. Using this* cutting
edge” technology, we are conducting extensive functional and dynamic
characterization of chronic heart failure which isdevel oping subsequently to
ligation of acoronary artery in miceand rats. Thisexperimental model will
be used for transgenic-based studies of therole of different receptors
pathwaysin development of heart failure aswell asfor development of gene
and other therapeutic modalities based treatment of chronic heart failure.

The experimental model of coronary ligation in ratsexpressed all facets of
early and late, structural and functional remodeling described inthe
literature: increase of earlier and later apoptosis, dilatation of the ventricular
chamber, compensatory myocyte hypertrophy, reduction of systolic
function, myocardia stiffness, and diastolic dysfunction. For instance, early
remodeling was characterized by thefall of g ection fraction (EF) from 60%
tolessthan 40% (echocardiography), and, 24 hrs after coronary ligation, the

Laboratory of Cardiovascular Science



35% of cardiomyocyte nuclel acrossthe areaat risk were stained positively
for apoptosis. During the next seven weeksthe EF fell further, by 15%
comparing with the value at week 1, and 3 times more of cardiomyocyte
nuclei succumbed to apoptosisthan in sham operated hearts. The most
interesting functional characteristics of late remodeling were shown through
pressure-volume analyses of |eft ventricular performance. Traditional index
of systolic function, dP/dt showed asignificant, 45% declinein coronary
ligated rats. The more sophisticated, |oad-independent index of systolic
performance, Preload Recruitable Stroke Work showed even larger, more
than 50% decline. The end-diastolic stiffness, Eed, doubled in M| rats
indicating adiastolic dysfunction. The Ees, end-systolic el astance, one of
components of myocardial contractility significantly fell in Ml rats, while
arterial elastance, the measure of after-load, increased, reflecting thevery
unfavorablerelation (uncoupling) between LV and vascular system fromthe
perspective of energy transfer - Ea/Eesratio more than doubled in M1
animals, i.e., weakened LV was pumping blood against increased vascul ar
load.

Similar characteristics of left ventricular remodeling had been showninthe
mice model of coronary ligation. Moreover, in mice we not only mustered
thetechniquefor reliableinduction of large myocardial infarctions by
ligation of main left descending coronary artery, we delineated atechnique
for blind ligation of small left ventricular brancheswhich reliably induced
small, but transmural M1 of predictablelocation and uniform size.

[11. Trandational Studies, Targeting Early and LateL eft Ventricular
Remodeling:

A) Targeting Early Remodeling: Erythropoietin Reduces Myocar dial
I nfar ction and L eft Ventricular Functional Decline Following Coro-
nary Artery Ligation in Rats: Erythropoietin (EPO), natural stimulant of
erythropoiesis, recently emerged as potential antiapoptotic factor. Wetested
the hypothesisthat single treatment with EPO will reduce the cardiac
damage induced by coronary ligation and subsequent decline of cardiac
function. In experimentsin rats, we showed that singleintraperitoneal
injection of recombinant human EPO (3000 IU/kg) immediately after
ligation of the coronary artery, resultsin 75% reduction of the size of
myocardial infarction eight weekslater. During eight weeks after induction
of myocardial infarction, left ventricular remodeling and function declinein
EPO treated ratswere significantly attenuated and statistically not different
from that in sham operated animals. Twenty-four hours after ligation of
coronary artery, the amount of apoptotic myocytes measured inthe
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myocardia risk area(areaimmediately adjacent to theinfarct site) was
reduced in half inthe EPO treated ratsin comparison to untreated animals.
Further experiment established that the effective EPO dose can be reduced
to 500 1U/kg, i.e. intherange of FDA doses approved for the treatment of
anemia.

B) Targeting L ate Remodeling: Effectsof Chronic Phar macological

M anipulationsof 3-Adrenergic Receptor SubtypesSignalingin an
Experimental M odel of Dilated | schemic Cardiomyopathy in Rats: The
role of B-adrenerging receptors (AR) subtype signaling in development of
CHF isclearly important but purely understood. It iswidely accepted now
that -1 AR activation is associated with devel opment of CHF, thus, the use
of B-1 AR antagonists became arecommended therapy for HF. The possible
role of B-2 AR agonists remains debatabl e, however the consensusisthat
similarly to B-1 AR, activation of $-2 AR during CHF isharmful. Recent
research in LCSusing single myocytesindicated that 3-2 AR agonist,
fenoterol, possesses aunique ability to activate Gs, but not Gi pathways.
Capitalizing on thisfinding, we studied the effects of chronic treatment with
B-2 AR agonigt, fenoterol, and B-1 AR blocker, metaprolol, in ratsstarting 2
weeks after ligation of acoronary artery. Our resultsindicated that both, 3-2
AR agonist and -1 AR blocker reduced the apoptosisin myocardium and
attenuated the devel opment of CHF, i.e. left ventricular remodeling and
functional decline. However, they affected different aspectsof cardiac
function: metaprolol improved systolic cardiac performance by increasing
left ventricular elastance, whilefenoterol achieved the sameresult by
reducing thearterial elastance (after-load). Metaprol ol did not improve
diastolic function, whilefenoterol normalizedit. Only fenoterol treatment
arrested theinfarct expansion, resulting in actual decrease of theinfarct
relative size. Our results suggest that beneficial effects of chronic treatment
with -2 AR agonistsand -1 AR blockersin CHF might be complimen-

tary.

Collaborators: Richard Spencer, M.D., Nuclear M agnetic Resonance Unit,
Laboratory of Clinical Investigation, NIA; Maurizio Capogrossi, M.D.,
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Research Ingtitute, Vahalva, NY; Irni Kovesdi, Ph.D., GenVeclinc.,,
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congestive heart failure

Eldadah ZA, et al. Chest
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Theresearch agenda of the Human Cardiovascular Studies Unit includes
four major programs. Thefirst program focuses on exploring the age-
associated changesin vascular structure and function, including arterial wall
thickness and compliance, how they interact with aging, lifestyle, the
environment, and various disease states, and how they impact the structure
and function of the heart. The second program investigatestraditional, as
well as, novel cardiovascular risk factors, with particular attention to vascu-
lar structure and function, in an attempt to el ucidate the pathophysiol ogical
basisfor the dominant role of age asapotent risk factor for cardiovascular
diseases. Thethird program comprisesclinical research studiesin congestive
heart failure. We have aninterest in both systolic heart failureaswell asthe
elusivediastolic heart failure, which afflictsand is particularly burdensome
intheelderly. Thefourth programisatranglational cardiovascular research
program that is actively being devel oped, and which, we hope, will capital -
ize on the exciting bench research findings and discoveries madein the

L aboratory of Cardiovascular Science aswell asother |aboratorieswithin
the NIA.
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Describing the age-associated changesin cardiovascul ar structureand
functionisone of the central tenets of the Laboratory of Cardiovascular
Science. Thereisagrowing body of evidence that increased thickening and
stiffening of large arteries, endothelial dysfunction, and theensuingin-
creasesin systolic and pul se pressure, in otherwise apparently healthy older
individuals, formerly thought to be part of “normal” aging, precede and
predict ahigher risk for developing clinical cardiovascular disease. Weare
interested in characterizing the determinants of the age-associated changes
in both vascular and cardiac structure and function, with particular emphasis
on exploring the properties of the vasculature, including arterial wall thick-
ness and compliance, investigating how they interact with aging, lifestyle,
the environment, and various disease states. We are a so exploring how they
impact the structure and function of the heart. Indeed, ventricul ar-vascul ar
interaction, or “coupling,” isanimportant and largely under-appreciated
determinant of cardiac performance. Normal ventricular-vascular coupling
determines optimal | eft ventricular strokework, cardiac efficiency, and
gjection fraction. Wetherefore believe that much insight into the structural
and functional alterations and adaptations of the cardiovascular system, as
well asthe cardiovascul ar reserve, may be gleaned from examination of the
coupling between the heart and the vascul ature. We are a so studying
interventionsthat modul ate specific features of cardiovascular structure and
function, especially thoseidentified asdeleteriousor “risky.”

Ageisthedominant risk factor for cardiovascular diseases, yet theincreased
risk associated with aging hasremained largely elusive. The accumulating
evidenceimplicating therole of the age-associated changesin vascular
structure and function asindependent risk factorsfor cardiovascul ar diseases
and outcomes, suggeststhat aging itself must alter the vascular substrate so
asto promote the devel opment, progression and manifestations of cardio-
vascular diseases. It isthusour hypothesisthat the age-associated aterations
in cardiovascular structure and function may explain, in part, theincreased
cardiovascular risk associated with aging. We arethereforeinterestedin
studying theimpact of traditional cardiovascular risk factors, aswell as
novel risk factors such asmarkers of inflammation and the metabolic syn-
drome, on cardiovascul ar structure and function. We are applying state-of -
the-art imaging modalitiesto better characterize coronary aswell ascarotid
arterial atherosclerosis, to evaluate theinfluence of vascular properties
(including arterial thicknessand stiffness) on the rel ationship between age
and atherosclerosis. By relating the dissociation between physiol ogic and
chronologic aging to atherosclerosis, we expect to define (and compare)
“successful” versus“usua” versus“accelerated” cardiovascular aging.

Laboratory of Cardiovascular Science



Wehaveaclinical interest in congestive heart failure. Congestive heart
fallureisaclinical syndromethat affects approximately 5 million Ameri-
cans. It isestimated that 400,000 new cases are diagnosed every year. The
annual expenditureisestimated at 15 to 40 billion dollarsannually. The
prevalence and incidence of heart failureincrease exponentially with age.
Thereisaten-fold increasein theincidence of this syndrome between the
fifth and the ninth decades of life, such that its prevalenceis estimated at
10% among those over the age of 80. Our clinical research studies address
aspectsof both systolic heart failure aswell asdiastolic heart failure, which
afflictsandisparticularly burdensomeinthe elderly. Epidemiologic data
indicate that up to 40% of patientswith CHF have normal gjection fractions.
However, thereisapaucity of studieson thisdistinct clinical entity. Asa
result, the pathophysiology of heart failure with preserved systolic function
remains poorly elucidated, and effective therapies— which are badly
needed — have not been devel oped yet.

Collaborators: Edward Lakatta, M.D., David Anderson, Ph.D., Mark
Talan, M.D., Ph,D., Laboratory of Cardiovascular Science, NIA; Luigi
Ferrucci, M.D., Ph.D., Wallace Johnson, M.D., Shari Ling, M.D., E.
Jeffrey Metter, M.D., Clinical Research Branch, NIA; Reubin Andres,
M.D., Laboratory of Clinical Investigation, NIA; Michele Evans, M.D.,
Laboratory of Cellular and Molecular Biology, NIA; Don Ingram, Ph.D.,
Laboratory of Experimental Gerontology, NIA; DanL. Longo, M.D.,
Laboratory of Immunology, NIA; Mark Mattson, Ph.D., Laboratory of
Neurosciences, NIA; Joseph Rifkind, Ph.D., Molecular Dynamics Section,
NIA; David Schlessinger, Ph.D., Alexel Sharov, Ph.D., Laboratory of
Genetics, NIA; Alan Zonderman, Ph.D., Laboratory of Personality and
Cognition, NIA; Edward Kasper, M.D., David Kass, M.D., Wendy Post,
M.D., Steven Schulman, M.D., Alan Schwartz, M.D., Bruce Wasserman,
M.D., Johns Hopkins University; Steven Gottlieb, M.D., University of
Maryland; Kim Sutton-Tyrrell, Ph.D., University of Pittsburgh.
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| . Biography: Dr. Stern studied theoretical physics at Princeton and received an M.D.

l degree from University of Pennsylvania. Following internship, he was a Staff Fellow in

the Laboratory of Technical Development of the NHLBI, where he invented a method

to measure tissue microvascular blood flow using laser light scattering. Following an Internal Medicine
residency at University of Michigan and Cardiology fellowship at Johns Hopkins, Dr. Stern joined the faculty in
Cardiology at Johns Hopkins in 1981. His research on laser light scattering fluctuations in cardiac muscle, in
collaboration with the Laboratory of Cardiovascular Science at GRC, led to the discovery that apparently
resting heart muscle produces continuous, random asynchronous subcellular waves of contraction, which
proved to be due to propagated calcium release from the sarcoplasmic reticulum. This led directly to his
present interest in the basic mechanism of cardiac excitation-contraction coupling. His studies on the physiol-
ogy of excitation-contraction coupling in single cardiac myocytes during extreme hypoxia led to the finding
that reoxygenation injury is due to calcium shifts brought about by ionic conditions created during a vulnerable
period of complete energy depletion. In parallel with this work, Dr. Stern carried out mathematic modeling of
the basic mechanisms of sarcoplasmic reticulum calcium release. Based on this work he proposed, in 1992,
the local control hypothesis of excitation contraction coupling, has become the leading theory of this process.
In 1996, Dr. Stern joined LCS full time as a member of the Senior Biomedical Research Service.

i

Keywords: Calcium Microdomain Signalingin Intracellular Communication: The
calcium signals heartbeat isinitiated by therelease of calcium from storesin the sarcoplas-

excitation-contraction mic reticulum (SR). Itisnow well established that thetrigger for thisrelease
coupling istheentry of amuch smaller amount of calcium through voltage-controlled

ryanodine receptors

mathematical modeling L-type calcium channelsin the cell membrane. Thisisthe mechanism of

calcium-induced calciumrelease (CICR), which isknown to be mediated
Recent Publications: by ryanodine receptors, which are cal cium sensitive calcium channels
Guia A, et al, Biophys J Iocgted inthe memprane of thg SR. S| milar ryanodl nereceptors arelocgted
2001; 80(6): 2742-2750. onintracellular calcium storesin awide variety of cell types, wheretheir

functionisnot yet understood.
Janczewski AM, et al. Am

J Physiol 2000; 279(4): . . .
H2024-H2031. Therelease of SR calciumisatightly controlled and smoothly graded

function of thetrigger calcium; thisis paradoxica since CICR isanintrinsi-
f\gg g/lc[/) ‘Uest:"lgég;cgl\éf" cally self-reinforcing process which might be expected to lead to an all-or-
10756-10751. none response. A possible resolution of the paradox is based on the fact that
the L-typetrigger channels and the SR rel ease channels are known to be
localized to opposite sides of the 15 nm dyad junctions between the cell
membrane and the SR membrane. Thismeansthat thetrigger for CICRis
not whole cell calcium, but rather thelocal cal cium microdomain generated
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in the neighborhood of the triggering channel. We have shown mathemati-
cally that theinteraction between the stochastic gating of individual chan-
nelsand the fluctuating cal cium microdomainswhich they generate can give
riseto smoothly graded and controlled calcium releasein the whol e cell
aggregate, even though individual rel ease events may be nearly all-or-none.
Thisisthelocal control hypothesis, which impliesthat whole cell calcium
release dependscritically on the detail s of the gating and ion permeation of
thetrigger and release channels, and on thelocal geometrical relationship
between them. Over the past several years, considerable evidence has
accumul ated showing that thisisthe case. We have recently constructed a
similar local-control model of therole of CICR in skeletal muscle excitation-
contraction coupling. Thismodel successfully explains many paradoxical
observations, and leadsto theinsight that coll ective behavior of mesoscopic
arraysof calcium-coupled rel ease channel s, which we term couplons, may
be the basic functional unit of EC coupling.

In order to test thelocal control hypothesis more definitively, we hopeto
develop amodel inwhich thefull machinery of excitation-contraction
coupling (junctions, ryanodine receptors, L-type calcium channel, auxiliary
junctional proteins) isexpressed and in which the components and the
signalsthat control their localization can be manipul ated genetically. Thisis
themajor project of our laboratory at the present time. Since cardiac
myocytesareterminaly differentiated and non-dividing, they cannot be
used directly. In general, cultured cell linesdo not form SL/SR junctions
even when expressing the channel proteins. Our present approach to the
problem isto make use of the well developed technique of genetargetingin
mouse embryonic stem (ES) cells, together with in vitro differentiation of
ES cellsinto embryoid bodieswhich contain beating cardiac myocytes. We
have successfully established culture techniques which promote cardiac
differentiation in ahigh percentage of embryoid bodies, and have demon-
strated cal cium sparks and waves, which are produced by RyR-mediated
intracellular calciumrelease, in cellsasearly as 7 daysof differentiation.
These studieswill be continued to characterize the biochemistry, ultrastruc-
ture and EC coupling physiology of these cells. These baseline studieswill
definethat model and lead to increased understanding of the devel opment of
cardiac-type EC coupling. Wewill then use homol ogous recombination
methodsto obtain cardiac myocytesin which the key protein domains
responsiblefor calcium sensing and rel ease, and others (such asthe enor-
mous 2 megadalton “foot process’ of the ryanodine receptor) whose func-
tion isunknown, have been altered. Moreimportantly, we hopeto discover
the signalswhich giveriseto the organized geometrical structure of the
dyad junction, and to alter it in order to test the sensitivity of couplingto
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geometry whichis predicted by thelocal control theory. A combined ap-
proach utilizing ES cell techniques, confocal cal cium measurement, patch
clamp and mathematical modeling will be used.

Sinceryanodinereceptorsare ubiquitous, it islikely that theinsights gained
from thisprogram will beimportant for understanding the way in which
gpatial and temporal localization of intracellular calcium signalsleadsto
their diversity of function in many cell types.

Collaborators. Heping Cheng, Ph.D., Kenneth Boheler, Ph.D., Edward G.
Lakatta, M.D., Laboratory of Cardiovascular Science, NIA; Eduardo Rios,
Department of Physiology and Molecular Biophysics, Rush University;
Phillip Palade, University of Texas, Galveston; Michal Horowitz, Hebrew
University, Jerusalem.
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Recent Publications:
Priyadarshi S, et al.
Kidney Int 2003; 63(5):
1785-1790.

Fedorova OV, et al.

Hypertension 2003; 41(3):

505-511.

Fedorova OV, et al.

Hypertension 2002; 39(2):

298-302.

Fedorova OV, et al.
Circulation 2002; 105(9):
1122-1127.

Fridman Al, etal. J
Hypertens 2002; 20(6):
1189-1194.

Two endogenousdigitalis-likeinhibitors of the Na/K-ATPase (NKA),
sodium pump ligands (SPL s), endogenous ouabain (EO) and
marinobufagenin (MBG), coexist in mammalian tissues, areresponsiveto
NaCl loading and plasmavolume expansion, and differ with respect to their
targets (c-3 and a-1 isoforms of NKA). SPLs play animportant rolein the
pathogenesis of NaCl sensitive hypertension. In NaCl-loaded Dahl salt
sensitiverats(DS), brain EO triggers peripheral production of MBG, a
natriuretic and avasoconstrictor, viaan ATII sensitive pathway. Administra-
tion of anti-MBG antibodiesto hypertensive DS lowersthe blood pressure.

Pharmacol ogical antagonism of SPLsmay open new possibilitiesinthe
treatment of hypertension and its complications. Thus, PK C-induced phos-
phorylation sensitizes -1 NKA to MBG. Aninteraction of PKC-dependent
phosphorylation and MBG on NK A activity underliesthe synergistic
vasoactive effects of MBG and other endogenous vasoconstrictorsin
hypertension and isatarget for antihypertensive therapy of hypertension.
Accordingly, chronic treatment of hypertensive DSratswith cicletanine, a
compound, which directly inhibits PK C, produces a marked antihyperten-
sive effect that is associated with desensitization of o-1 NKA to MBG.

Changesin SPLslevelsand myocardial NKA isoforms accompany devel-
opment of compensatory left ventricular hypertrophy (LVH) and transition
to chronic heart failure (CHF) in DS. Development of LV H was accompa-
nied by elevated MBG, an increased sensitivity of cardiac NKA to MBG,
and an up-regulation of o-1 NKA protein in the myocardium. Thetransition
to CHF was accompanied by adecreasein a-1 NKA protein, areductionin
plasma MBG, and adecrease in the sensitivity of NKA to MBG. Con-
versely, neonatal o.-3 NKA was produced within the failing myocardium,
plasma EO rose, and the sensitivity of NKA to ouabain enhanced 7-fold
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compared to control. Thus, ashift in endogenous NKA ligands production
islinked to ashift in myocardial NKA isoformsin DS during LVH and
CHF. In patientswith CHF, MBG exhibits progressiveincreasessimilar to
ANP, varieswith CHF severity, and correlateswith LV systolic function. In
CHF, the concurrent production of two natriuretic hormones, a
vasorelaxant, ANP, and avasoconstrictor, MBG, potentiate each other’s
natriuretic effects, but may offset their respective vasoactive actions. ANP
differentially modulatestheinhibitory effect of MBG on the sodium pump
via PK G-induced phosphoryl ation/dephosphorylation of the NKA.

SPL s contributeto blood pressure elevation in preeclampsia, which compli-
cates up to 10% of pregnancies, and isamajor factor in worldwide maternal
mortality. Inthree studies, DIGIBIND (i.e. Fab fragments of digoxin anti-
bodies), duetoitsability to bind circulating SPL s, decreased blood pressure
in preeclamptic patients. Recently, we have shown that MBG (rather than
EO) becomeselevated in preeclampsia. In collaboration with the University
of Montreal and Tulane University (New Orleans, LA), we established that
renal excretion of MBG increasesin pregnant rats with experimental preec-
lampsia. Moreover, administration of anti-MBG antibodiesto theseratswas
associated with asustained decrease in blood pressure together with activa-
tion of the sodium pump in aorta. Thus, MBG isanovel factor inthe
pathogenesis of preeclampsia, and antibodiesto MBG may be more effec-
tivethan DIGIBIND in treatment of preeclampsia.

In conclusion, SPLsareimportant factorsin the pathogenesis of and targets
for intervention in NaCl-sensitive hypertension, preeclampsia, and hyperten-
sive heart disease.

Collaborators: Joseph I. Shapiro, M.D., Medical College of Ohio, Toledo,
OH; Atsuo Goto, M.D., School of Medicine, University of Tokyo, Tokyo,
Japan; JulesB. Puschett, M.D., Department of Medicine, Tulane University,
New Orleans, LA; Jean St-Louis, Ph.D., Hopital Ste Justine Centre de
Recherche, University of Montreal; DenisLopatin, M.D., Institute of
Obstetricsand Gynecology, St. Petersburg, Russia; Nikolai Kolodkin,
Ph.D., and Andrey Simbirtsev, M.D., Ph.D., Ingtitute of Highly Pure
Biopreparations, St. Peterburg, Russia; David E. Anderson, Ph.D., Labora-
tory of Cardiovascular Science, NIA; Igor A. Zhuravin, Ph.D., Sechenov
Institute of Evolutionary Physiology, St. Petersburg, Russia.
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Thefocus of our research program over the past several yearshasinvolved
examination of the expression and regulation of anumber of proteins
involvedin regulating calcium movementsin cardiac myocytes, including
the sarcoplasmic reticulum calcium ATPase (SERCA), the Na/Ca exchanger
(NCX1) and the sarcoplasmic reticulum cal cium rel ease channel
(Ryanodine Receptor). Thework hasinvolved examination of the spatial
and temporal expression of these mMRNAsand proteinsin the devel oping
myocardium. Using simpler in vitro models, the regul ation of presence of
the mMRNA s encoding some of these gene products has been studied through
examination of signal transduction pathways.

Our work isfocused on use of anin vitro differentiation model of mouse
embryonic stem cellsand embryonic carcinomacellsin an attempt to further
understand the consequences of development and of altered gene expression
on function of these proteins. Additionally, research inthelaboratory hasled
to the devel opment of mouse model s having temporal and spatial control of
geneexpression. Thissystemiscurrently being tested and plansare under-
way to actively apply this system to mouse transgenic modelsand to differ-
entiating ES cells. Our recent experiments have exploited functional
genomicsto examine differentiation, development, aging and disease.

Signal Transduction Pathways M ediating SERCA2 Expression: We
have exploited the human SERCA 2 promoter to examinethisgene’ sregula-
tioninvitro. Transfection into neonatal rat cardiomyoctyesof the 2.8 kb
human SERCA 2 promoter constructs linked to reporter sequencesindicate a
lack of response with any of the adrenergic agonists, but regulation viaspl
and sp3 transcription factors has now been shown. Recent studieswith
Nuclear run-on assays have also indicated that transcriptional control of
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SERCA 2 gene expression is not the primary mechanism responsiblefor
increased MRNA, protein and function of SERCA 2 seen perinatally. Stud-
iesare underway, to el ucidate the mechanismsresponsiblefor the post-
transcriptional regulation, one possibility of which may relateto an alterna-
tively spliced isoform of SERCA 2 seen in thefetal myocardium, whose
expressionisgreatly reduced late in gestation.

Expressional Analysisof Cardiac NCX in Development and Senes-
cence: We have examined the mRNA expression of the Na/Ca exchanger
(NCX) inrat heart during perinatal development and with aging. NCX is
highly expressed in latefetal and neonatal rat hearts, decreasing to adult
levelsby 20 days after birth. The lowest level of accumulationisseenin 6
and 18 month old animals. In the 24 month old senescent rat, NCX expres-
sionisincreased by almost 50% above that seen at 6 and 18 months
(p<0.05), but isnot different from that at 15 neonatal days. Resultsfrom
nuclear run-on assaysindicate that NCX expression during the perinatal
periodisregulated at least partially through transcriptional mechanisms.
Relatively high transcriptional activity isseen at birth but by 20 post-natal
days, no transcriptional activity from NCX can be detected. During devel-
opment, there are no major changes seen in the use of thefiveidentified
transcription start sites, nor isthereany major differenceinthe splicing
patterns seeninthe 5' untranslated regions. We haveidentified the presence
of fivedifferent splicing variantsin the cytosolic loop of the coding region,
three of which have not been previously described in heart. We have also
recently cloned a 2.8 kb fragment containing the putative cardiac NCX 1
promoter and a consensus thyroid hormone responsive element which we
are now examining. Thework isnow focused on thein vitro examination of
thispromoter. A number of putative GATA binding sitesand Nkx binding
siteshave beenidentified. Intransfection studies, GATA 4,5, and 6
isoforms have been shown to be sufficient to transactivate this sequence.
Constructslacking these cis-binding elements or mutants of these sequences
have been prepared and are being examined both in vitro and in the
transgenic model s described above.

Embryonic Stem Cellsand Myocar dial Development: Thisresearch area
involvesamodel of invitro differentiation of cardiomyocytes originating
from embryonic stem cells (R1) and embryonic carcinomacells (P19). The
research isaimed at understanding the devel opmental processesinvolvedin
cardiac myocyte differentiation and development. To identify, atrial versus
ventricular like cells, expression vector constructs have been madethat link
atrial and ventricular markersto the green fluorescence protein (GFP) and
other selection markers. These constructs have been introduced into ES cells
and positive transformantsidentified through neomycin resi stance selection.
From thiswork, we hope to use various molecular techniquesto identify
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and analyze varioustranscription factors and growth factorsthat promote
cardiac cell division and differentiation and importantly, the sequence of
thelr activation and inhibition. Specifically, we are examining the expressed
sequences of differentiating P19 cellsthrough atechnique called serial
analysisof gene expression (SAGE). Thistechnique takes advantage of
PCR and typell restriction enzymesto isolate short sequences sufficient to
identify RNA products expressed at any time point. Currently, SAGE
analyses have been performed on adult mouse myocardium, 3+3 day in
vitro differentiating P19 cellsand acomparative analysisisunderway with
3+0.5day invitro differentiating P19 cells. Through thistechnique, we
hope to use the information gained about the expressed sequence pattern to
target and specifically identify gene productsthat areimportant to cardiac
differentiation. Using targeted ES cells, we have been ableto demonstrate a
role of the ryanodine receptor in the control of heart rate development.

Temporal/Spatial Regulation: Theaim of thisprogramisto develop
conditional and inducible genetargeting models, limited to specific cardiac
lineages (e.g. ventricular myocytes) and inducible at adesired developmen-
tal stage. Thetools chosen to accomplish thisprogram arethe Cre
Recombinase-Lox P recombination system and the tetracyclinetrans-
activator system. A number of mice have been prepared that carry the Cre
recombinase transgene under control of atetracycline-sensitive promoter.
Secondly, atargeting construct containing LoxP sites has been prepared
such that induction of Cre Recombinase expression by withdrawal of
tetracycline should cause excision of acritical exoninatargeted gene. This
system has been placed under control of alineage-specific promoter so that
atissue-specific knockout can be madeto occur at aspecified time. Cur-
rently atetop-Cre Recombinase and ML C2V-tTA construct has been
injected into pronuclei of C57BL/6 oocytes and anumber of founder lines
positivefor these transgenes have been identified. Theselinesare currently
being studied for appropriate expression using another reporter mice. To
inducibly knockout RyR2 expression, a 15 kb mouse 129/SvJ genomic
DNA fragment has been cloned, sequenced and the genomic structure
determined. This sequence has been appropriately modified and lox P sites
and neomycin resistance cassettes placed appropriately within the sequence.
Thismutant mouse RyR2 targeting vector has al so been successfully
introduced into embryonic stem cells, injected into blastocysts, and positive
chimeras have been identified. Thiswork ison-going.

Collaborators: Dr. Michael Crow, JohnsHopkinsUniversity; Dr. Jennifer
Van Eyk, Johns Hopkins University; Professor Antoon F.M. Moorman,
University of Amsterdam, Netherlands; Dr. AnnaWobus, Institut fur
Pflanzengenetik und Kulturpflanzenforschung, Germany; Dr. Edward G.

L akatta, Laboratory of Cardiovascular Science, NIA.
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Her main scientific focus has been related to G protein-coupled receptors
(GPCRs)-mediated transmembrane signal transduction in the cardiovascular
system. In addition, considerable efforts have been put on cardiac aging and
heart failure associated changesin GPCR signaling. The breadth of our
work coversthreeintertwined programs: (1) |dentification and characteriza-
tion of cardiovascular disease-related genes; (2) b-adrenergic receptor
subtype signaling in cardiovascular system; and (3) Modulation of cardiac
excitation-contraction coupling by p38 MAPK or Cal/calmodulin-dependent
proteinkinasell (CaMKI1) in normal and failing hearts. Most studiesare
designed to integrate information gleaned from genetic manipulations,
including genetransfer by adenoviruses, transgenic and genetargeted
animal models, in conjunction with electrophysiol ogic, confocal imaging
and cell biological technigues. The mechanistic and interdisciplinary nature
of our research has made the past few years particularly fruitful.

I dentification and Char acterization of Cardiovascular Proliferative
Diseases-related Genes: Vascular proliferative disorders, including athero-
sclerosis, restenosis after ball oon angioplasty, and coronary arterioscleros's,
arethe most common causes of severe cardiovascular diseases such as
myocardial infarction, ischemic heart failure, and strokes. Neointimal

VSMC proliferation constitutes an important etiol ogical factor in vascular
proliferative disorders. However, the molecular mechanismsgoverning
VSMC proliferation arelargely unknown. Thus, identifying genetic modifi-
ersof VSMC proliferation remainsasamajor focusin cardiovascul ar
biology and medicine.
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40640.

In order to identify genesinvolved in VSMC proliferation, we analyzed the
geneexpression profile of spontaneously hypertensiverat (SHR) VSMCs
versusthat of Wistar Kyoto rats (WKY) VSMCsusing adifferential display
technique and identified anovel gene. Wereferred to the cDNA fragment
highly expressed in WKY but weakly in SHR as hyperplasia suppressor
gene (HSG) (accession number: U41803). The partial (~ 0.35 kb) cDNA
identified from differential display wascloned into pGEM-T plasmid vector
and sequenced. Using cDNA library screening and 5 RACE reaction, we
then cloned the full-length cDNA, consisting of 4151 bp before apoly(A)
tail. Sequence analysisreveal ed an open reading frame encoding aprotein
of 757 amino acids.

We have demonstrated that the expression of rat HSG (rHSG) ismarkedly
downregulated in hyper-proliferative SHR V SM Cs and growth factor-
stimulated WKY V SMCs. Overexpression of rHSG overtly suppresses
serum-stimulated VSMC proliferation, and attenuates balloon injury-in-
duced neointimal formation by 90%, thereby preventing balloon
angioplasty-associated restenosisin rat carotid arteries. The rHSG-induced
growth suppression ismediated by cell cyclearrest in GO/G1 phases dueto
inhibition of the extracellular-signal-regul ated kinase (ERK)/mitogen-
activated protein kinase (MAPK) signaling cascade.

Furthermore, our preliminary studies have shown that adenoviral gene
transfer of the human homolog (hHSG) has apotent anti-proliferative effect
inavariety of cancer cell lines, including breast cancer cell linesMCF-7
and BM-1, aleukemiacancer cell line U937, acolon cancer cell lineLoVo,
and ahepatomacell line Bel 7402, and that the anti-proliferative effect of
hHSG is even more potent than that induced by overexpression of p53 (a
wel| established cancer suppressor). Thus, rHSH functions as a powerful
cell proliferation suppressor, and that downregul ation or inactivation of
rHSG leadsto vascular proliferative disordersand might bealsoinvolvedin
the pathogenesis of avariety of cancers.

Dual Coupling of Cardiac [3,-Adrenergic Receptor to G_and G, Pro-
teins: GPCRs constitute the largest classof cell surface signaling molecules
in eukaryotes and in someprokaryotes. By activating their cognate
heterotrimeric guanosinetriphosphate (GTP) binding proteins (G proteins),
GPCRstransducestimulatory or inhibitory signalsfor awidearray of
endogenoushormones and neurotransmitters, and ambient physical and
chemical stimuli, aswell as exogenoustherapeutic reagents. [3-adrenergic
receptors (RARS) are archetypical members of the GPCR superfamily. There
are, at least, both 3, AR and 3 AR present in heart muscle cells. Whereas
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both RAR subtypesstimul ate the classic G_-adenylyl cyclase-cCAMP-protein
kinase A (PKA) signaling cascade, 3, AR can activate bifurcated signaling
pathwaysthrough G_and G, proteins. Because of their distinct G protein
coupling, theseRAR subtypesfulfill distinct, sometimes even opposite,
physiological and pathological roles. Specifically, in the heart, whereas

R AR-generated CAMP signal can broadcast throughoutthe cell, the 3, AR-
stimulated cAMP signal isspatially and functionally compartmentalized to
subsurface membrane microdomainsby the concurrent G, activation, thus
selectively affecting plasmamembrane effectors (such as L-type Ca?*
channels) andbypassing cytoplasmic regulatory proteins (such as
phospholambanand myofilaments). Of potentially greater importance, the
R,AR-to-G, pathway also deliversapowerful cardiac protectivesignal. As
aconsequence, 3 AR and [3,AR exhibit opposing effects on heart cell
survival: 3 AR activationcan promote programmed heart cell death
(apoptosis); in sharpcontrast, 3, AR activation can protect heart cellsfroma
wide range of assaulting factors, including enhanced 3 AR stimulation,
hypoxia, and reactive oxygen species. The 3, AR survival pathway sequen-
tidly involves G,, GI3, phosphoinositide 3-kinase (PI3K), and Akt. Further-
more, in vivo overexpression of 3 AR, but not 3, AR, induces heart muscle
cell hypertrophy and heart failurein transgenicmouse models. Further-
more, we have shown that sustained 3 AR stimul ation promotes cardiac
myocyte apoptosis by activation of Ca?*/calmodulinkinasell (CaMKI1),
independently of PKA signaling. Taken together, the differential G protein
coupling, to alarge extent, accountsfor the distinctly different physiol ogi-
cal and pathological rolesin the heartfor 3, AR versusthose of 3 AR. The
opposite effects of 3 AR and 3, AR on the fate of cardiomyocytes also
revedl therationaefor selective [3 AR blockade with concurrent R, AR
activation asanovel therapy to treat chronic heart failure.

In chronically failing heart, the 3, AR/G;j coupling isexaggerated. The
enhanced Gj signaling underliesthe heart fail ure-associated dysfunction of
R,AR. Based on the dual G coupling of BAR, we conceptualize that
receptor ligands may selectively activate a subset(s) of the post-receptor
signaling pathways. By screening avariety of R, AR ligands, we have
identified oneligand (fenoterol) that selectively activates G, bypassing the
G;j signaling. Strikingly, fenoterol is ableto restore the markedly depressed
R,AR contractileresponsein two experimental chronic heart failure mod-
els. Our most recent studies provide compelling evidencethat stimulation
of 31AR, but not B,AR, induces cardiac apoptosis. The anti-apoptotic
effect of 3, AR stimulation in cardiac myocytesis mediated by Gj-Gy
subunits-PI 3 kinase-Akt signaling pathway. These studies not only reveal
thediversity and specificity of 3-AR subtype and G protein interactions,
but also provide new insightsfor understanding the co-existence and
different functional rolesof 31AR and B, AR in healthy and failing hearts.
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Modulation of Cardiac Excitation-contraction Coupling by p38
MAPK: MAPK superfamily isone of the most important signal transduc-
tion systems conserved in all eukaryotes. There are three mgjor subgroups
identified, including the extracellular signal regulated kinase (ERK 1/2), p38
MAPK and c-jun-NH, terminal kinase (JNK). p38 MAPK is one of the
most ancient signaling moleculesinvolved in multiple cellular processes,
including cell proliferation, cell growth and cell death.

In the heart, activation of p38 MAPK has been observed in pressure-
overload or ischemia/infarction induced cardiac hypertrophy and heart
failurein humansand animal models. In cultured cardiac myocytes, activa-
tion of p38 MAPK induces myocyte hypertrophy and apoptosis, and isalso
implicated in the preconditioning process and ischemialreperfusioninjury.
Increasing evidence suggeststhat inhibition of p38 MAPK isabletoim-
prove cardiac contractility inischemia/reperfusion-injured hearts.

The specific goal of thisresearch program isto determine whether p38-
MAPK activation modul ates cardiac myocyte excitation-contraction cou-
pling and if so, to explore the possible underlying mechanisms. We have
examined the possible effects of p38-MAPK activation or inhibition on
cardiac contractility at thesinglecell level, and verified the conclusion
obtained from single myocyte experiments by in vivo studiesin transgenic
mice overexpressing activated mutantsof p38 MAPK upstream kinases. In
addition, we have examined the potential interaction between AR and p38
MAPK signaling pathwaysin regulating cardiac contractility, and the
pathophysiological relevance of p38 activation inischemic contractile
dysfunction and cardiomyocyteinjury.

Our invivo andinvitro studies have demonstrated, for thefirst time, that
inhibition of p38 MAPK |eadsto a positive inotropic effect, whereasen-
hanced p38 MAPK activation inhibits myocyte contractility and negates
BAR/PKA-mediated positiveinotropic effect. Furthermore, we have shown
that inhibition of ischemia-induced, intracellular acidosis-mediated activa-
tion of p38 MAPK not only protects myocytes agai nst ischemic death but
also reversesischemic contractile dysfunction. Thesefindingsrevea anovel
function of p38 MAPK, and provide new insights for abetter understanding
of the coincidence of enhanced p38 MAPK signaling and cardiac contrac-
tile dysfunction under certain pathophysiological conditions, such ascardiac
ischemic/reperfusion injury and chronic heart failure.

Rolesof Ca?*/Calmodulin-Dependent Protein Kinasell (CaMKII)in
Regulating Cardiac Pacemaker Activity and Excitation-Contraction
Coupling: The human heart faithfully supplies blood to the body by beating
morethan 3 billiontimesin alifetime. Thesinoatrial (SA) node possesses
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automaticity and servesasthe primary physiological pacemaker of the heart.
Our recent studies have shown that SA node pacemaker activity iscritically
dependent on Ca?*/calmodulin-dependent protein kinase | (CaMKI1)-

medi ated positive feedback regulation of the L-type Ca* current (1., ). In
freshly dissociated rabbit single SA node cells, specific CaMKI I inhibitors,
apeptide CaMKI1 inhibitor or KN-93 (0.1 - 3.0 uM), but not itsinactive
analog KN-92, depressed the rate and amplitude of spontaneous action
potentials (APs) in adose-dependent manner. Strikingly, 3 uM KN-93 or 10
UM CaMKI I peptideinhibitor completely arrested SA node cells, which
indicatesthat basal CaMKI1 activationisobligatory to the genesis of pace-
maker AP viamodulating properties of |Ca,L inactivation and local Ca?* is
critically involved inthis process.

Inadditiontoitsregulatory effect on cardiac pacemaker activity, CaMKI|I
playsan essential rolein heart rate- or stimulation frequency-dependent
augmentation of cardiac contractility and accel eration of relaxation. We
have shown that CaM K I-mediated phosphorylation of PLB at Thr is
augmented in response to increasing pacing frequency in the absence of
increase in PK A-dependent phosphorylation of PLB at Ser*® or phosphory-
lation of SR Ca?*-ATPase (SECAR2a). Our results challenged the well-
established sequential model for PLB phosphorylation at Ser'® and Thr?’,
and led to anew model in which dual site PLB phosphorylation occurs
independently with asynergistic effect of PKA and CaMKI1 signaling on
Thr'” phosphorylation. Moreover, CaMK1-mediated phosphorylation of
PLB-Thr! playsacrucial rolein the positive cardiac contraction/rel axation-
frequency relationship. The frequency-encoded PL B-Thr” phosphorylation
may represent apreviously unrecognized feedback mechanism: elevated
intracellular Ca?* regulatesits own reuptake into SR, whereas PK A-
mediated Ser® phosphorylation is subjected to tight sympathetic regul ation.
Interplay between RAR stimulation and heart rate in inducing dual site PLB
phosphorylation ensures proper cardiac contractility and relaxation,
particularly during stressor exercise.

Collaborators. Dr. Robert J. Lefkowitz, Howard Hughes Medical Institute;
Dr. Walter J. Koch, Duke University Medica Center; Dr. Yibin Wang,
University of California, Los Angeles; Dr. Brian Kobilka, Howard Hughes
Medical Institutes, Stanford University Medical Center; Drs. Edward G.

L akatta, and Heping Cheng, Laboratory of Cardiovascular Science, NIA.
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Behavioral Medicine Resear ch: Behavioral medicineresearchiscon-
cerned with the application of behavioral principlesand methodsto the
study of the originsof, and interventionsin, medical disorders. Therole of
behavioral sciencein cardiovascular researchisto clarify the nature of the
contingencies on behavior that participate in the development of cardiovas-
cular disorders, and to devel op behavioral interventionsfor their prevention
or reversal. It isunderstood that such chronic disordersare multi-factorial in
origin, involving genetic and possibly other environmental/behavioral
factors, including especialy diet.

The mediating mechanisms by which behavioral factors participatein
hypertension and coronary artery disease remainto beclarified, but arealso
likely to bedistinct from each other. While coronary artery diseaseisclearly
linked with anger and hostility (and associated activation of the sympathetic
nervous system), the extent to which this mechanism mediates the devel op-
ment of sodium-sensitiveforms of hypertensionisfar from established. The
preponderance of evidence suggeststhat the physiological concomitants of
emotional inhibition can play asignificant mediating role, especially in
interaction with high dietary sodiumintake. It iswith investigations of the
mechanisms by which behavioral factors contribute to the pathogenesi s of
sodium-sensitive hypertension that thework of this section isdedicated.

Stress, Salt and Blood Pressure: Previousresearch in thislaboratory
found that acombination of behavioral stressand high sodium intake
resulted in experimental hypertensioninlargelaboratory animalsover
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periods of days. Thisform of hypertension was not prevented by adrenergic
blockade or by renal denervation, but was accompanied by an inhibited
breathing pattern that was conditioned to the experimental setting. Under
these conditions, theinhibited breathing pattern increased pCO, and tran-
siently decreased plasmapH. Therespiratory acidosi s expanded plasma
volume by avariety of pathways, including increased sodium/hydrogen
exchange. One consequence was an increase in plasmaconcentrations of a
circulating endogenous sodium pump inhibitor, termed marinobufagenin, a
substance found in the skin of toads. Thiscompound promotes natriuresis,
but also increases vascular tone. Subsequent experimental studieswith
healthy human subjects showed that voluntary performance of breathing
suppression using abiofeedback procedure was accompanied by compa-
rable effectson renal sodium regulation asin the previous studieswith
|aboratory animals.

More recent research in our laboratory found that high resting end tidal CO,
(PetCO,) isarisk factor for blood pressure sensitivity to high sodiumintake,
particularly in older humans. In addition, high resting PetCO, was found to
be an independent correlate of elevated resting systolic BP, especialy in
women who werelow intrait anger. Thus, chronic hypoventilatory breath-
ing pattern might be arisk factor for sodium sensitive forms of high blood
pressure. We have also found that chronic stressis associated with slower
breathing at rest than in others, especially women. Postmenopausal women
were also found to have higher levels of an endogenousinhibitor of nitric
acid that could contributeto their increased blood pressure sensitivity to
high sodium intake. Taken together, these studiesimplicate daytimeinhib-
ited breathing pattern in long-term blood pressure regulation, and comple-
ment other findingsthat hypertension is potentiated by sleep apnea.

Ongoing Studies: A study isin progressto test the hypothesisthat blood
pressure sensitivity to high sodium intake in normotensive personsisa
function of theinhibited breathing pattern and associated endogenous
sodium pump inhibitors. Participants are placed on alow salt diet and ahigh
salt diet for seven days each, during which ambul atory breathing pattern and
blood pressure are monitored in the natural environment. In addition, blood
and urine samples are collected systematically to determine thetime course
of changesin sodium balance and rel ated hormonesinvolved in blood
pressureregulation. Thisstudy may provideasimpleclinical test for sodium
sensitivity, and elucidate critical mechanisms mediating therole of behavior
in the pathogenesis of chronic hypertension.

Collaborators: Alexel Y. Bagrov, M.D., Ph.D., OlgaV. Fedorova, Ph.D.,

Edward G. Lakatta, M.D., Laboratory of Cardiovascular Science, NIA;
Margaret A. Chesney, Ph.D., Office of Research on Women' s Health, NIH.
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TheLaboratory of Cellular and Molecular Biology (L CM B) iscurrently
comprised of fiveindependent research programs headed by either atenure
track scientist or asenior investigator. These programsincludethe Gene
Regulation Section, the Cancer Molecular Genetics Unit, the DNA Repair
Unit, the RNA Regulation Unit, and the T Lymphocyte Signaling Unit.

Magjor areas of emphasiscommon to theindividua programsinclude: 1) the
elucidation of signal transduction processes and gene regulatory
mechanismsinvolvedin mediating cellular responsesto environmental
signals such as growth factors, cytokines, and stress stimuli; 2) the
determination of molecular mechanisms contributing to the maintenance of
cellular homeostasisand cell cycle control; and 3) the contribution of
dysregul ated gene expression, or loss of critical genefunctionsto the
development of cancer. Asdescribed below for theindividual programs, a
widevariety of invitro and in vivo models are being employed to approach
theseissues. These processes have direct relevance to our understanding of
critical eventsassociated with various age-related deficitsand/or
development of age-related diseasesincluding cancer and Alzheimer’s
disease. The ultimate goal of the programsisto uncover knowledge that can
be applied to prevent or delay the onset of age-related disabilitiesand
disease processes, and/or provide new strategiesfor their diagnosisor
treatment.

Whiletheindividual research programswithinthe LCMB generally
function asindependent groups, they are highly interactive, conduct
biweekly joint meetings, and engagein collaborative projects. Combined,
the programswithin the LCMB provide extensive and broad expertisein the
areas of biochemistry, cellular and molecular biology and genetics.
Specialized expertisein avariety of approaches used to analyze or
manipulate gene expression isalso available withinthe LCMB. The LCMB
Isequipped with state-of -the-art instrumentati on and an extensive computer
network.
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Research Summary: B and T cell differentiation share several common
features. B lymphopoiesistakes place in the bone marrow where
environmental cuescommit multipotent cellsto the B lineage. Closeto the
point of lineage commitment generearrangementsareinitiated at the
immunoglobulin heavy chain (IgH) genelocus. Activation of thelocus and
subsequent V (D)J recombination isregulated in complex ways, and one of
our objectivesisto understand the molecular mechanismsthat underliethis
complexity. A parallel pathway operatesin the thymuswhere multipotent
cellscommit tothe T lineage. Oneimportant consequenceisthe activation
and recombination of T cell receptor (TCR) 8 chain genes. The TCRf gene
enhancer has been shown to be essentia in this process and we have used it
to probethisdifferentiation step.

1. Regulatory Mechanismsin Pro-B Céells: Theimmunoglobulin heavy
chain genelocusis spread over several megabases. Functional IgH genes
are assembled in pro-B cellsby gene recombination eventsthat bring
together V., D,, and J, gene segments. We have recently found that this
locusisactivated in discrete, independently regul ated steps. An
approximately 90 kb domainisactivated first prior to theinitiation of V(D)J
recombination. Thisdomainincludesall the D , gene segments and extends
till Cm. V, genesareinactive at this stage, which ensuresthat D, to J,
recombination takes placefirst. Our analysissuggeststhat DJ,
recombination activatesV,, genesthat lie closest tothe D, /Cu regions. Other
partsof theV,, locus are activated independently: the 5’V , J558 family
requiring IL-7 and theintermediate V|, 10 genesresponding to tyrosine
kinasesignals.
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The problem of IgH locus activation can therefore be broadly divided into
two parts. First, regulation of the 90 kb D, ,/Cu domain and second, the
regulation of V, genes. Our objectiveisto understand the molecular basis
for theseregulatory events.

1A. TheD, /Cp L ocus- Within this90 kb liesthefirst tissue-specific
transcriptional enhancer identified, the u enhancer (LE). Thisregulatory
element was subsequently shown to be arecombinational enhancer in
artificial recombination substrates, further strengthening itsimportanceasa
regulator of IgH gene expression in pro-B cells. The presence of other
recombinationa enhancersinthelocuswasinferred from the observation
that del etion of uE from the endogenouslocus had littleeffecton D, to J,
recombination. We have examined approximately 60kb of the 90kb region
and found evidencefor only one other regulatory sequence, whichisclose
to DQ52.

Analysisof uE - We have studied this enhancer for several yearsfrom the
perspective of transcriptional activation. Weknow the proteinsthat bind, the
functional consequences of disrupting protein binding, proteinsthat interact
with other LE binding proteins, and the biochemical consequences of some
of theseinteractions. Y et, adeep understanding of the basis of enhancer
functionisstill lacking. For example, we do not understand why certain
protein binding sites need to be next to each other, or why they are spaced
the way they are, or even the function of individual, or combinations of
proteins. Current studies of the u enhancer aim to address such mechanistic
issuesin the context of transcription and recombination. A second major
themeisto study the enhancer asamodulator of chromatin structure, since
thisproperty very likely directly impactsitsfunction asarecombination
enhancer. Two examples of ongoing studies are described below.

a. Transcriptional Synergy between E47, Ets-1 and TFE3 To circumvent
the complexity of thefull enhancer (and its 18 associated proteins), we have
taken the approach of functionally dissecting smaller domainsof the
enhancer. One such domain comprisesthe motifsuE2, uA and uE3 that
bind the proteins E47, Ets-1 and TFE3, respectively. Several lines of
evidenceindicate that these motifswork together. To addressthiswe are
reconstituting Ets-1 dependent synergy between E47 and TFE3 using
purified factorsand looking for additional proteinsbiochemically and
genetically. Themotivation for such studiescomesnot only for their
relevanceto u enhancer function, but also to understand the molecular basis
of combinatorial control.
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b. u Enhancer and Chromatin Structure The goalsareto determinethe
effectsof individual, or combinationsof proteins, on chromatin structure.
Towardsthisend, enhancer-containing plasmids are assembled into
chromatininvitro using afully reconstituted system (in collaboration with
Mike Pazin, Massachusetts General Hospital), in the presence or absence of
purified enhancer binding proteins. We use structural assayssuch as

nucl ease digestion, nucleosome positioning and restriction enzyme
accessibility, and functional assayssuch asin vitro transcription and RAG
cleavage (in collaboration with David Schatz, Y al€). Recent results show
that TFE3 alone can find its site and bind to nucleosome assembl ed
plasmids. Thisresultsin nucleosome positioning and induction of anuclease
hypersensitive site. Our immediate objectives are to understand the
contribution ETS-domain proteinsand E47 in this context, and to identify
chromatin-remodeling activitiesin B cell extractsthat arerequired for
structural aterations.

Other Sequencesthat Activate D, -Cp - Werecently identified apossible
regulatory site closeto DQ52. We are currently characterizing theregion for
transcriptional and recombination enhancer activity, aswell asidentifying
proteinsthat mediate the effects. In collaboration with Gene Oltz
(Vanderhilt), wewill analyze the chromatin structure of allelesdeleted for
this sequence, or acombined del etion of this sequence and the u enhancer,
to determinetheir contribution to the overall structure of the D, /Cu locus.
The double deletion will also indicate whether these sequences are sufficient
to activate the 90kb domain, or whether additional sequencesarelikely to
contribute. In parallel, we are continuing to map nuclease hypersensitive
sitesin the remaining 30kb that we have not yet analyzed. If additional sites
areidentified, wewill evaluatetheir roleinlocusactivation by deleting
them, and testing their functionin artificia substrates.

1B. TheV , Locus- We have evidence for three independently regul ated
domainsof V  genes: the5' V, JJ558 genesarelL-7 responsive, the 3’ V
7183 and SM7 genes are activated by DJ, recombination, and the
intermediate V10 genes are activated by the v-abl tyrosinekinase. Our
immediate objectivesaretoi) confirmthemodel that D, -proximal V , genes
areactivated in responseto DJ, recombination, ii) to identify the normal
signalsthat activate V ;10 and co-regulated genes and iii) to study the
mechanism of V, allelic exclusion. An example of ongoing studiesis
described below.
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Implicationsfor Allelic Exclusion of V,, Genes- Allelic exclusion refersto
the phenomenathat B and T lymphocytes express only one antigen
receptor. Though thiscould result from low probability of generating two
functional rearrangements, it has been convincingly demonstrated that allelic
exclusion at IgH (and TCRp) isactively regulated by afeedback
mechanism. Cells sense IgH protein viathe pre-B cell receptor and
terminatefurther V,, to DJ, recombination. Based on our recent insightsinto
the activation of of V, genes, we proposed the simple hypothesisthat allelic
exclusionistheoppositeof V , gene activation. For example, sincelL-7
activatesV 3558 genes, according to our model lossof IL-7 signasresults
inallelicexclusion of thisfamily. Weare currently testing several
predictions of thismodel aswell asinvestigating the mechanismof V , gene
inactivation.

2. Regulatory Mechanismsin Pro-T Cells: TCR[ chain gene
recombination and expression requires an enhancer located several
kilobases 3' of the C2 exons. We haveinitiated asystematic analysis of
thisenhancer with the goal of identifying critical motifs (and associated
DNA binding proteins) that are responsiblefor activating it at the earliest
stagesof T cell development. The working hypothesisisthat thymic
environmental signalsthat commit amultipotent cell tothe T cell lineage
also activate the TCRf enhancer. Thus, working back from the enhancer
provides onerouteto identifying the signaling pathwaysthat operatein the
earliest thymocytes. Weidentified two novel sequence motifsinthe TCRf3
enhancer that lie between two composite ETS/CBF elements. We planto
identify these proteins biochemically and/or genetically. Their rolein early
thymocyteswill be further addressed once we have antibodies and gene
sequences.

A second interesting aspect of these studiesistherelationship of the
enhancer to MAP kinase signals. Activation of MAP kinasesfurther
increases TCRf enhancer activity. Interestingly, under these conditionsthe
intervening sequence motifsare no longer necessary for enhancer activity;
that is, enhancer activity isonly dependent on the ETS and CBF elements.
Because ETS and CBF proteins are expressed in multipotent hematopoeitic
precursors, thisleadsto amodel for theinitiation and maintenance of
enhancer activity. We proposethat an early thymocyte may receiveaMAP
kinase-activating signal from the thymic microenvironment, which turnson
the TCRf enhancer using pre-existing ETS and CBF proteinsin these cells.
Oncethe MAP kinase signal hasterminated, TCR[ enhancer activity may
be maintained by newly expressed BE5 binding proteins. This model
provides apathway by which gene expression mediated by transient
differentiation signalsmay be maintained at subsequent stages.
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3. Function of NF-kB Proteins: NF-xB proteinsare afamily of inducible
transcription factorsthat alow cellsto respond to extracellular stimuli. The
diversestimuli that activate NF-xB and the distinct cellular responsesthat
ensue raise the question asto how specificity of the responseisregul ated.
Thiscomplexity ismost likely areflection of the several different Rel
proteinsthat constitute the NF-xB family and the several different [xB
proteinsthat inactivate them. For example, there may be differencesin the
way Rel proteins are sequestered in the cytoplasm, different signalsmay
target different IxBs, and different family members may activate different
genes. However, there are very few well characterized examples of such
differences and even fewer molecular mechanismsto explain them. Our
long-terminterest isto attempt to unravel some of thiscomplexity,
particularly in cellsof theimmune system. Current research interestsare
summarized below.

3A. Subcellular Dynamics of NF-kB Proteins- We recently showed that
NF-xB/IxBa complexesin cellsarein constant flux dueto entry and exit
from the nucleus. Thisisbecause nuclear localization signals (NLS) in NF-
kB (particularly the p5SO component) are not well hidden by association with
lxBa. Thispermitsthe complex to enter the nucleus. Oncein the nucleus, a
strong nuclear export sequence (NES) in IkBo takes over and directsthe
complex back to the cytoplasm. We have proposed that the nuclear export
function of IkBa ensures agai nst spurious NF-xB-dependent gene activation
that may occur dueto inappropriate nuclear entry of NF-xB. IkBo:-
dependent export may al so participate in terminating an NF-kB response
when the stimulusthat activated it isno longer present.

Thisdynamic stateis cell-type specific. We havefound that c-Rel is
associated with IkBo only in B cells, but not in pre-B cellsor T cells. This
meansthat c-Rel constitutively transitsin and out of the nucleusonly in B
cells. Yet, attheend of aTNFa signal in T cells, c-Rel transiently associates
with IkBo presumably to beretrieved from the nucleus. ThisIkBa
associated c-Rel must be ultimately transferred to 1B to re-establish the
resting state of the cell; how thisisbrought about remainsunclear.
Interestingly, 1xBf and IkBe do not have export potential ; instead they hide
theNL S of Rel proteins more effectively, thereby preventing nuclear entry.
Ongoing effort isdirected at understanding how IkBo synthesis and post-
trangl ation modifications hel p to time the end of NF-kB-dependent
transcription, and the functional consequencesthereof. Wearealso
investigating the functiona significance of the B cell-specific c-Rel/lkBa
complex.

Laboratory of Cellular and Molecular Biology 43



44

3B. Functional Differences Between p65 and c-Rel - p65 and c-Rel are
two closely related, but functionally different, Rel family members. One of
the striking differences pertinent toimmunefunctionisthat T cellsin c-Rel
mice do not make IL-2 inresponseto TCR signals. However, IL-2
dependent proliferation isnormal when these cellsare provided with
exogenous IL-2, asisp65 induction in response to TCR. The question is
whereisthe crucial difference between the two proteinsthat allowsonly
oneto activateIL-2; conversely, whereisthe c-Rel responsiveelement in
IL-2 that does not respond to p65, and what isthe basisfor the difference?
(The DNA binding specificity of thetwo proteinsisquite similar, suggesting
that target specificity isunlikely to beamajor factor intheir distinctive
properties). This problem also has some practical appeal because the part of
c-Rél that distinguishesit from p65 isapotential target for
immunosuppressive drugsthat will block T cell activation (by blocking IL-
2) without affecting p65-dependent transcription.
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Research Summary: Aging ischaracterized by ageneral declineinthe
ability of individualsto adequately respond to different stresses, either
environmental or endogenously generated. Changesin the expression of
many stress-regul ated genesisbelieved to play animportant rolein
determining cell fate. Whilethe transcriptional events serving to regulatethe
expression of these genes have been extensively studied, it isbecoming
increasingly clear that post-transcriptional regul atory mechanismsalso play
acritical roleregulating gene expression during stress. These post-
transcriptional processes, still poorly understood, rely primarily on changes
inthe stability of the mRNA, but are likewise linked to events such as
nuclear export of MRNA and mRNA translation, which arelinked to
MRNA turnover. Our long-term effortsarethree-fold: 1) to search for RNA-
binding proteinsand target MRNA regionsinvolved in regulating the export,
stability and trandlation of labile MRNAS; 2) to elucidate the signaling
eventsthat regul ate such post-transcriptional modifications; and 3) to study
theimplications of post-transcriptional gene regulation on physiological and
pathol ogical processes.

Regulation of Stress-Response Genes Through Altered mRNA
Turnover: Weand others have shown that the expression of specific stress-
response genes (p21, cyclin D1, etc.) ishighly influenced by changesin the
stability of the encoding mMRNAS. Major research effortsunderway in the
laboratory seek to carry out global assessments of changesin mMRNA
turnover using cDNA arrays. We previously devel oped a new method based
ontheuseof cDNA arraysto investigate the global contribution of
transcription and mRNA turnover and applied it to the study of stress-
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regul ated gene expression patterns. Thisnovel method compareslarge-scale
hybridization patterns generated with steady-state MRNA with those
generated using newly transcribed RNA, generated and isolated using the
nuclear run-on technology. By comparing the valuesfrom each analysiswe
can ascertain the extent to which stimulus-regul ated modificationsin gene
expression are dueto transcriptional changes and to post-transcriptional
changes. Inthe stress study, changesin mRNA stability werefound to
account for approximately 50% of all gene expression changes. We are
actively applying this methodol ogy to the large-scal e investigation of

MRNA turnover changes during other cellular responses.

Signaling Events Regulating mRNA Turnover in Responseto Stress:
Several recent studies have provided increasing support for the notion that
MRNA stability isregulated through mechanisms akin to those controlling
genetranscription, i.e., signal transduction pathwaysinvolving
phosphorylation events. While transport of the RNA-binding protein HUR
from the nucleusto the cytoplasmisemerging as akey step in the activation
of HuR function, the mechanisms underlying this processremain poorly
understood. Werecently identified the AM P-activated kinase (AMPK), an
enzymeinvolved in responding to metabolic stresses, asapotent regul ator
of thelevelsof cytoplasmic HuR. Inhibition of AMPK increased HUR
presence in the cytoplasm, enhanced binding of HUR to mRNA s encoding
p21, cyclin Bl and cyclin A, and elevated their expression and half-life.
Conversely, AMPK activation resulted in reduced cytoplasmic HUR,
decreased levelsand half-life of mMRNAsencoding p21, cyclin A and cyclin
B1, and diminished HuR association with the corresponding transcripts. We
thus propose anovel function for AMPK asaregulator of cytoplasmic HUR
levels, which in turninfluences the mRNA-stabilizing function of HUR and
the expression of HUR target transcripts. Among the specific target

molecul esthat appear to mediate the transport of HUR through the nuclear
poreare several import proteins, including importin o1, importin 31 and
importin 2. Ongoing studies are aimed at €l ucidating the precise
mechanismswhereby AMPK regulates HUR import through the various
importins. Additional signal transduction pathwaysinvolved in regulating
MRNA turnover arethe subject of ongoing investigation.

Roleof HUR on Protein Trangdation: HUR isaubiquitously expressed
member of the Hu family of RNA-binding proteins, which also comprises
the primarily neuronal proteins HuB, HuUC, and HuD. Hu proteins possess
three RNA-recognition motifsthrough which they bind with high affinity
and specificity to target mMRNAs containing regionsrich in adeninesand
uracils (AU-rich elementsor ARES), and to regul ate their stability,
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trandation, or both. Our recent findings provide evidencein support of an
additional level of post-transcriptional generegulation by HUR in response
to genotoxins. Exposureto UV C strongly induced expression of the tumor
suppressor p53 without el evating p53 mRNA levelsor the cytoplasmic
export of the p5S3 mMRNA. Instead, UV C irradiation strongly promoted p53
trandation. HUR was found to associate with the 3'-untransl ated region
(UTR) of the p53 mRNA in a UV C-dependent manner in vitro and in vivo
and to enhance p53 trandlation after UV C. Our current efforts are focused
on elucidating whether other HUR target mMRNAs might al so be subject to
altered trandation, and testing whether HUR may jointly increasethe
stability and tranglation of target mMRNA s during specific cellular responses.

Regulation of mMRNA Turnover During Cellular Senescence: Cellular
aging isaccompanied by alterationsin gene expression patterns. Using three
model s of replicative senescence, we recently described the influence of
HuR in coordinately regulating the expression of cyclin A, cyclin B1 and c-
fos, whose expression decreases during senescence. We demonstrated that
HuR levels, HUR binding to target MRNAs encoding cyclin A, cyclin B1
and c-fos, and the half-lives of such mRNAsS, werelower in senescent cells.
Wefurther showed that HUR levelsdirectly influenced the senescent
phenotype and that mMRNA turnover played acritical role during the process
of replicative senescence. Given that the cytoplasmic presence of HUR
(believed to be required for HUR function) was recently shown to be
inhibited by AMPK, we have been examining the function of thiskinase
during cellular senescence. Werecently found that AMP.ATPratiosare
higher in senescent cells, and AMPK activity wasaccordingly elevatedin
senescent cells. Current work in the laboratory isinvestigating the
involvement of AMPK and HUR in the process of in vitro senescence.
Experimental approaches based on the use of chemical regulatorsof AMPK
activity aswell asadenoviral vectorsexpressing either constitutively active
or dominant negativeisoforms of the kinase, werefound to directly
influence theimplementation of the senescent phenotype. The bulk of our
resultsindicatethat AMPK activation can cause prematurefibroblast
senescence, sinceinterventionsthat induced AMPK activity cause
premature senescencein IDH4 and IMR-90 cells, whilereductionsin
AMPK activity cause delaysin the onset of cellular senescence. Wefurther
proposethat AMPK -triggered cellular senescenceisimplemented, at least in
part, through an AM PK -triggered reduction in HUR function.

Although thelink between in vitro cellular senescence and human aging
remainscontroversial, adiminutionin proliferative capacity isalsoa
hallmark of invivo aging. Therefore, knowledge of the mechanisms
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regulating gene expression during in vitro senescenceislikely toaid in our
understanding of in vivo aging, aswell as contribute to our comprehension
of age-related diseases such as cancer and hyperplasia, where control of
proliferationislost. Our findingsfurther suggest that orchestrated gene
expression during senescence may be regulated by proteins such asHuUR
that coordinately regulate the stability of mMRNAsencoding critical
proliferation- and senescence-associated proteins. The study of additional
senescence-associated |abile mMRNAs and RNA-binding proteins has
become an areaof great interest within the Unit.

I nfluence of the von Hippel-Lindau (VHL) Tumor Suppressor on Gene
Expression: The precise mechanismswhereby the VHL gene product
exertsitstumor suppressor function have not been fully elucidated. Based
on evidence that the von Hippel-Lindau (VHL) tumor suppressor proteinis
associated with polysomes and interacts with trandlation regul atory factors,
werecently set out to investigate the potential influence of pVHL on protein
trandation. Tothisend, renal cell carcinoma(RCC) cellsthat either lacked
or expressed VHL through stable transfection were used to prepare RNA
from cytosolic and polysome-bound fractions. Hybridization of cDNA
arraysusing RNA from each fraction revealed an influence of pVHL on
proteintranglation: asubset of transcripts preferentially associated with
polysomesin VHL-deficient cells (revealing genesthat were subject to

pV HL -repressed trand ation) and asubset of transcripts preferentialy
associated with polysomesin VHL-expressing cells (genes subject to
pVHL-induced trandlation). Among the transcriptsthat were preferentially
associated with polysomesin VHL-deficient cellswasthat encoding the
tumor necrosisfactor (TNF)o, an observation that further shown to be
mediated through the TNFoa 3' UTR. Among the transcripts that were
preferentially associated with polysomesin VHL -expressing cellswasthe
MRNA encoding the tumor suppressor p53. Additional assaysrevealed that
the RNA-binding protein HUR was capable of binding the 3 UTR of the
p53 MRNA preferentially in VHL-expressing cells. Use of SRNA
effectively reduced HUR expression and markedly decreased p53 trandlation
and p53 abundance. Our ongoing efforts demonstrate anovel function for
the pVHL tumor suppressor asregulator of protein translation. Given the
well established links of TNFo and p53 on tumor development, our
findingsfurther suggest that VHL-mediated changesin protein translation
may contributeto pVHL’ stumor suppressivefunctionsin RCC.
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Resear ch: DNA repair mechanismsare believed to play avital roleinthe
maintenance of genomeintegrity. Loss of fidelity inthereplicative
mechanism, accumulation of genetic lesions, and faulty DNA repair
mechanismsfacilitatetumorigenesis. Similarly, aging or cellular senescence
ischaracterized by random accumulation of damage or mutationin DNA,
RNA, or proteins and perhaps adiminished ability to repair DNA. The
increased incidence of cancer asafunction of age underscoresthe
mechanistic rel atedness of thesetwo cellular processes. The diminished
ability to repair DNA appearsto bethe crucial and convergent factor
highlighting theimportant clinical manifestations associated with defectsin
DNA repair mechanisms. The overall thrust of our work has been to
understand therole of DNA repair in cellular senescence and tumorigenesis
in order to uncover waysto use measured DNA repair capacity asaclinical
tool inthediagnosisand treatment of cancer and age-related disease and
disability.

Breast Cancer and DNA Repair: Breast cancer accounts for 15-18% of
all deaths among women every year, with about 180,000 new cases being
diagnosed every year. Even though the causes of breast cancer remain
unknown, several linesof evidence suggest that accumulation of DNA

damage coupled with defectsin DNA repair play animportant rolein breast
cancer. It has been speculated that DNA base damage may |lead to mutations
that subsequently can be carcinogenic. Of primary importance arethe base
lesions caused by reactive oxygen species (ROS). Cellular DNA isexposed
to ROS either endogenously by cellular metabolism or through exogenous
exposure to environmental mutagens. ROS induce awide range of DNA
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lesions. Thymine glycol (Tg) and 8-hydroxyguanine (8-oxoG) are some of
the most del eterious oxidative baselesions. Thymineglycol isatoxiclesion
that blocks DNA replication and transcription, causing cell death. 8-oxoGis
apremutagenic lesion. In order to avoid the harmful effects of 8-oxoG,
organisms have devel oped mechanismsfor repairing thisdamage. Studies
using High Performance Liquid Chromatography and Gas
Chromatography-M ass Spectrometry have reveal ed increased levelsof 8-
oxoG ininvasiveductal breast carcinomasrelative to normal breast tissue
implicating oxidative damagesin the etiology of breast cancer. It hasbeen
shown that 8-oxoG isrepaired viathe base excision repair (BER) pathway .
To date, there are no reports on the removal of 8-0xoG or other oxidative
DNA baselesionsin breast cancer cells. Therefore, it remainsto be
established whether BER of oxidative lesionsisaltered during breast
carcinogenesis. Wetherefore, hypothesized that the transformation from
normal to malignant breast tissue may result from defectsin oxidative DNA
damagerepair, consequently leading to mutationsin important genes. Such
adefect may occur in the nuclear and/or the mitochondrial genome.
Mitochondrial DNA (mtDNA) encodes 13 proteinsthat areinvolvedin
oxidative phosphorylation. Oxidatively induced mutationsin the mtDNA
can lead to dysfunctional mitochondria, and have been implicated in
degenerative diseases, cancer and aging. Therefore, effective oxidative
damagerepair processes are essential in order for the cell to maintain the
integrity of the mitochondrial genome. We examined the ability of nuclear
and mitochondrial extractsfrom anon-neoplastic mammary epithelial cell
line and breast cancer MCF-7 and MDA-MB-468 cell linesto incise 8-
ox0G and Tg lesionsfrom duplex oligonucl eotides. We have reported three
important findingsin thisstudy: first, mitochondrial extractsfrom both
MCF-7 and MDA-MB-468 breast cancer cell linesaredeficient in the
removal of 8-oxoG. Both breast cancer cell lines exhibited more than two-
fold decreaseintheir ability to incise 8-oxoG relativeto thewild type. This
defect was specific for 8-0xoG sincetheincision of Tg by the same
mitochondrial extracts was comparableto that of wild typecells. Second,
nuclear extractsfrom both breast cancer cell [inesremoved 8-0xoG more
rapidly and efficiently than mitochondrial extracts. Third, nuclear extracts
were shown to remove Tg more rapidly than 8-oxoG. We have shown for
thefirst timethat mitochondriafrom human breast cancer cell linesare
defectivein therepair of 8-oxoG. Thisdefectiverepair of 8-0xoG may
imply that breast cancer cellshave ahigh incidence of mtDNA mutations.
The genetic status of mMtDNA from these breast cancer cellsremainsto be
determined through sequence analyses. Therefore, we concludethat repair
of 8-oxoG inthe mitochondrial genome may be crucial in the devel opment
of breast cancer. Our studies may provide abasisfor novel molecular
interventions of breast cancer. Wefurther propose that other formsof cancer
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may be defectivein oxidative DNA damagerepair. We haveaso
hypothesized that mitochondrial DNA of these cellsmay have excessive
oxidative damage caused by defective oxidativerepair. To addressthis
hypothesis, mitochondrial and genomic DNA from these and other breast
cancer cell lineswill be analyzed by L C/GC mass spectrophotometry to
determinethe basal level oxidative damage. Wewill a so assessinduction of
oxidative DNA damage by treating cellswith specific oxidative damaging
agents (e.g., Menadione, gammairradiation, or hydrogen peroxide), for
analysisof ratesof lesion formation viaL C/GC mass spectrophotometry.

In our most recent work, we have begun to evaluate the role of the BRCA 1
genein oxidative damagerepair. We are using two cell lines (CRL 2336 and
CRL 2337) that are either homozygous or heterozygous for BRCA-1
mutation. Thewt control for this project isthe AG10009 |ymphoblast cell
line. Preliminary data suggeststhat nuclear repair of oxidativelesions, 8-
0x0G, thymine glycol and 5-hydroxycytosineisreduced in cells
homozygousfor the BRCA-1 mutation relative to wild-type cells.
Mitochondrial repair of oxidativelesionsinthismutant cell lineis
comparableto that of wild-type cells. Once we have confirmed the repair
phenotype of the BRCA 1 mutant cell lines, further investigation will be
directed to examining whether the specific repair enzymesinvolvedin
oxidativelesionrepair (e.g., human endonuclease Il (RNTHZ1) for thymine
glycol) complexeswith BRCA1 and other members of the BASC complex
(Brcal-associated genome surveillance complex) asdefined Wang et al.
(BRCA1, ATM, NBS1, BLM, MRE-11, RAD50, MSH2, MLH1, MSH®6).
It ispossiblethat the BRCA 1 gene may play animportant rolein oxidative
DNA repair in mammary tissue possibly partially explaining oneof itsroles
in breast tumorigenesis.

Theclinical relevance of nucleotide excision and base excision repair
defectsin tumor cellsmay liein potential use of thisDNA repair profiling as
atool in assessing metastatic potential of aspecific tumor or in deciding
upon appropriate cytotoxic chemotherapy.

Prostate Cancer and DNA Repair: Prostate cancer isthe most prevalent
cancer among American men and is classified asthe second leading cause
of their cancer mortality. Inthe United States, there will be 220,900 new
cancer casesin 2003 making prostate cancer one of the cancerswith the
fastest rising incidencein thiscountry aswell asin Western Europe. While
certaindietary, genetic, lifestyle and environmental factorsareimplicatedin
prostate cancer risk, the molecular mechanisms underlying the etiology of
the disease arelargely unknown.
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Mutagenic oxidative DNA base damageincreaseswith agein prostatic
tissue. Many factors may influencethisincreaseincluding: increased
production of reactive oxygen species, increased susceptibility to oxidative
stress, alterationsin detoxifying enzymelevelsor defectsin DNA repair.
Several research groups have begun to identify genes associated with
heritableforms of prostate cancer and genes, in which somatic mutations or
other somatic alterations may set the stage for the development and/or
progression of the disease. To thisend, it has been shown by several groups
that hypermethylation of the rt-class glutathione S-transferase gene
(GSTP1) promoter region inhibitstranscription of the gene and is associated
with prostate cancer development. The function of GSTP1 has been
proposed as agenethat defends genomic DNA in prostate cellsfrom
environmental or endogenous DNA -damaging agents. Environmental
carcinogens such as heterocyclic amines and polycyclic aromatic
hydrocarbonsthat result from cooking meat at high temperaturesmay play a
roleasit has been shown that 2-amino-1-methyl-6-phenylimidazo[4,5-

b] pyridine can induce prostate cancer inrats.

Reactive oxygen species (ROS), most notably the hydroxyl radical,
generated endogenously by cellular metabolism are known to cause
oxidative DNA damage that has been implicated in prostate carcinogenesis.
Research on the devel opment of prostate cancer suggeststhat symptomatic
and asymptomatic chronic and acute inflammation occursin the prostate
over thelife span and actsin synergy with environmental, genetic, and
dietary factorsto causeinjury to prostatic epithelium. Inresponseto this
injury, cellular proliferation has been shownto occur. Thisproliferationis
accompanied by oxidative stressthat isrelated to the ongoing inflammatory
processthat in turn may result in high rates of oxidative damageto DNA.
Other findingsthat implicate arolefor oxidative DNA damagein prostate
carcinogenesisinclude work by Bostwick et al. showing that SOD1, SOD2
and catalaselevelsarelower in prostate intragpithelial neoplasiaand prostate
cancer relativeto benign prostate epithelium. Thereisaso asignificant
increasein the proportion of mutagenic oxidatively induced DNA base
lesions, 8-hydroxyadenine (8-0x0A) and 8-hydroxyguanine (8-oxoG)
present in malignant prostatic tissueaswell asan increasein thelevels of
theselesionsin benign prostatic tissue with aging. Further evidence
supporting the hypothesisthat defectiverepair of oxidative DNA damage
may be pivotal in prostate carcinogenesis has been provided by work on
genetic polymorphismsin the base excision repair (BER) gene OGGL1.
Taken together these data suggest that reactive oxygen species and oxidative
DNA damage may be critical in the development of prostate cancer.
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Using LC/MS and GC/MS, we show increased levels of oxidative DNA
base damage over the baselinein PC-3 and DU-145 prostate cancer cells
following exposureto ionizing radiation and arepair period. Nuclear
extracts of PC-3 and DU-145 prostate cancer cell lines have defective
incision of the DNA base lesions, 8-hydroxyguanine (8-0xoG), 5-
hydroxycytosine (50OHC) and thymine glycol (TG) when compared to the
non-malignant prostate cell line. Concomitantly, thelevelsof NEIL1 and
NEIL2, enzymesthat incise these lesions, are reduced in both cancer cell
lines. Mitochondrial extractsfrom PC-3 and DU-145 also have defective
incision of 8-0xoG compared to the control. PC-3 mitochondrial extractsare
severely defectiveintheincision of TG and 5OHC. Consistent with the
incision data, NTH1 and OGG1 2aprotein levels are decreased in
mitochondriaof PC-3 cells. The antioxidant enzymes, glutathione
peroxidase (GPx), catalase, and superoxide dismutases (SOD1, SOD2)
have altered expression patternsin the cancer cell lines. Genetic analysis of
the OGGL1 generevealsthat both PC-3 and DU-145 cell lines harbor
polymorphisms associated with ahigher susceptibility to certain cancers.
These data suggest that the malignant phenotype in PC-3 and DU-145 cell
linesisassociated with defectsin base excision repair (BER), dterationsin
expression of BER and antioxidant enzymes, and OGG1 genetic
polymorphisms.

I nteraction of Human 8-oxoguanine-DNA Glycosylase with
Proliferating Cell Nuclear Antigen: Strand Discrimination asa
Mutation Avoidance Strategy: Human 8-oxoguanine-DNA glycosylase
(OGGL) isthe major enzymefor repairing 7-8, dihydro-8-oxoguanine (8-
0x0G), apre-mutagenic guanine baselesion produced by reactive oxygen
species (ROS). The mutagenicity of 8-oxoguanineliesinits propensity to
mispair with adenine during DNA replication. Theimportance of 8-
oxoguanine and itsrepair by OGG1 are underscored by the frequent
absence of the OGG1 allelein human lung tumors and theincreased
incidence of lung tumorsin mice lacking afunctional OGG1. 8-oxoguanine
can occur in DNA by the oxidation of guaninein aG:C pair and by the
incorporation of 8-0xoG into the newly synthesized nascent strand opposite
cytosine or adenine during DNA replication or repair synthesis. Mispairings
of 8-0x0G, when repaired by OGG1, could fix mutations if 8-oxoG in the
parental strand isremoved from amispair with adenine. Accordingly,

OGGL1 should act only to remove 8-0xoG formed in DNA in situ and newly
incorporated 8-0xoG in the nascent strand. If 8-0xoG in the parental strand
becomes mispaired during DNA replication and is subsequently removed by

Laboratory of Cellular and Molecular Biology



OGG1, aGto T transversion mutation could result. Using co-
immunoprecipitation, weidentified an interaction between OGG1 and
proliferating cell nuclear antigen (PCNA). PCNA isamulti-functional
proteininvolved in DNA replication, repair synthesisand cell cycle
regulation. Theinteraction of OGG1 with PCNA isof particular interest
because known PCNA-binding proteins, such as DNA polymerases and
components of the mismatch repair system, perform their functionson
newly synthesized DNA are directed to the nascent strand viaadirectional
interaction with PCNA. Using an in vitro binding assay and mutant OGG1
proteins, we haveidentified afunctional consensus PCNA binding motif in
the C-terminus of OGG1. Additionally, using immunofluorescence, we
have shown that OGG1 and PCNA co-localize at sites of DNA synthesisin
vivo. The association of OGG1 and PCNA suggests a bimodal mechanism
of OGG1-mediated repair of 8-oxoguanine. In non-dividing cells, OGG1
and perhaps other DNA repair proteins may indiscriminately remove 8-
oxoguanine asit occursin DNA. During replication however, the OGG1-
PCNA interaction may serveto direct OGGL to the nascent strand in order
to prevent fixation of mutationsin the parental strand. The functional
consequences of theinteraction of OGG1 with PCNA, which arelikely to
behighly significant invivo, are currently being investigated.

TheRoleof Uracil DNA Glycosylasein Base Excision Repair: Uracil is
anormal basein RNA but amiscoding lesionin DNA. Incorporation of
uracil inthe genome can occur through deamination of cytosineand also
through occasional use of dUTPinstead of TTP during DNA replication
resulting in premutagenic U:G or U:A base pairs. Unrepaired uracil in DNA
mispairswith adenine resulting in mutagenic phenotypethat is potentially
carcinogenic.

To avoid the mutagenesis associated with unrepaired or insufficient repair of
uracil, most organisms harbor uracil DNA glycosylase (UDG) intheir cells.
Thisenzymeisencoded by the ung genein the nuclear genome but a splice
variant istrans ocated to the mitochondriaof higher organisms. Ung’ mice
have amodest increase in spontaneous mutation frequency (Nielsenetal.,
Mol. Cell, 2000, 5: 1059-1065). Quite recently, Nilsen and co-workers
showed that ung deficient mice haveincreased incidence of B-cell
lymphomas at old age (Nilsen et al., Oncogene; 2003, 22: 5381-5386).
These data provide thefirst evidence of cancer development dueto a
deficiency inaDNA glycosylasein mice model in additionto apossible
role of ung in theimmune system. Furthermore, the data by Nilsen and co-
workers also provide alink between carcinogenesis, DNA repair and the
aging process.
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The UDG isahighly ubiquitous DNA repair enzymethat initiatesthe repair
of uracil through the versatile DNA repair pathway known as base excision
repair (BER). Themagjor stepsin BER include: scission of the bond
between theinappropriate base and the sugar (glycosylic activity) by a
DNA glycosylaseleaving an apurinic/apyrimidinic (AP) site,
phosphodiester bond cleavage by AP lyase activity of the same enzyme or
by an AP endonuclease (AP lyase activity), addition of the correct
nucleotide by DNA polymerases (polymerization) and ligation by DNA
ligases. The polymerization step has been shown to diverge into two sub
pathways: the short- and the long patch. In the short-patch BER sub
pathway, only one nucleotideisincorporated after the glycosylic step,
whereas, in thelong-patch sub pathway, more than one nucleotideis
incorporated. To date, thein vivo significance and regulation of thetwo
BER sub pathwaysintherepair of uracil remainsunclear. We have
hypothesized that uracil repair in the mitochondriaisaccomplished viathe
short-patch mechanism and that the sub pathways of BER arelargely
determined by the nature of DNA glycosylasesinvolved. Our preliminary
results obtained using mitochondrial extracts of human lymphoblastoid
origin suggest that uracil repair in the human system isaccomplished
exclusively viathe short-patch BER sub pathway.

In order to understand the mechanism of uracil BER inthe mammalian
mitochondria, we have engaged in a collaborative study with Dr. Samuel H.
Wilson’sLaboratory of Structural Biology at the National Institute of
Environmental Health Sciences, NIH. In thisstudy, we are using wild type
and UDG knockout mouse fibroblasts, which were established by Dr.
Wilson' sgroup and oligonucleotides containing asingle uracil at specific
location. Using thismodel system, we are assessing glycosylic activities of
mitochondrial and nuclear isoforms of UDG. In addition, we are examining
the mechanism of nucleotideincorporation (repair synthesis) in uracil BER.
We are a so studying the size (nucleotides) of therepair patch generatedin
the course of uracil repair. Furthermore, we are using thissystemto
determinethe nature of protein-protein interactionsinvolved during the
repair of uracil in mouse system. Since UDG isapure DNA glycosylase
without an associated AP lyase activity, it must perform the glycosylic bond
scission and then hand over the resulting AP site to an AP endonuclease for
further processing in order to complete therepair process. Thisnotion
would be consistent with the * passing the button” model proposed some
yearsago by Dr. Wilson. To ascertainif thisisthe case, weintend to
perform repair synthesisreactionsusing cell-free extractsfrom mouse UDG-
knockout and wild type cellsin the presence of purified AP endonuclease.
Proficient repair synthesisis expected in the presence of both UDG and AP
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endonuclease if the proposed model istrue. However, the lack of UDG in
the knockout cellsmay not support proficient repair synthesisevenif AP
endonucleaseispresent. Thisproject may also allow usto determineif the
mouse system harbors back-up DNA repair pathwaysfor uracil.

Collaborator s. AdabalaymaBalgjee, Ph.D., ColumbiaUniversity School
of Medicine; Myriam Gorospe, Ph.D., Laboratory of Cellular and
Molecular Biology, NIA; Charles Egwuagu, Ph.D., M.P.H., Nationa Eye
Institute, NIH; Nikki Holbrook, Ph.D., YaeUniversity; Miral Dizdaroglu,
National Institute of Standards and Technology; Pawel Jaruga, National
Institute of Standards and Technology; Samuel Wilson, National Institute of
Environmental Health Sciences, NIH; Robert Sobel, University of
Pittsburgh.
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Resear ch Summary: Ovarian cancer isthe fifth most common cause of
cancer deaths among womeninthe U.S,, yet very littleis known about the
molecular mechanismsinvolved in the devel opment of thisdisease. In order
to addressthis problem, we have completed alarge-scale serial analysisof
geneexpression (SAGE) study in epithelial ovarian cancer. Theanalysis
was aimed at two major problemsin ovarian cancer: difficulty of detection
and drug resistance. A better understanding of gene expression and
pathwaysin ovarian cancer, aswell asthe changesin expression associated
with drug resistance may lead to novel approachesfor detection and therapy
of thisdisease.

| dentification and Dissection of Pathways|Important in Ovarian
Cancer: Themyriad of genesabnormally expressed in ovarian cancer
provides clues asto which molecul ar pathways may be relevant to ovarian
tumorigenesis. Weare using avariety of molecular biological toolsto dissect
the molecular pathways responsiblefor the aberrant gene expression. Of
particular interest isthe pathway involving the claudin tight junction
proteins, which have been found consistently elevated in ovarian tumors.
Theidentification and characterization of these pathwayswill providea
better understanding of ovarian cancer at the molecular level.

| dentification of Ovarian Cancer-specific Biomarkers: Inthe past few
years, we have examined gene expression in ovarian cancer and normal
ovariantissuesusing serial analysisof geneexpression (SAGE). We have
identified several thousand genes expressed in each tissue and found
numerous genesdifferentially expressed between normal and malignant
ovarian cells, including novel transcriptsthat we have named HOST
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(human ovarian-specific transcript). Geneswhose expressioniselevated in
ovarian cancer, especially those that encode secreted and/or surface proteins
may becometargetsfor early diagnosisand varioustherapeutic strategies,
such asimmunotherapy. We are eval uating promising candidates and
generating antibodiesto investigate their clinical potential.

Analysisof Gene Expression Associated with Cisplatin Resistance:
Resistance to chemotherapy isamajor problem in the treatment of ovarian
cancer, as half of the patients present with cisplatin-resistant tumors. In
addition, many ovarian tumorsinitially responsiveto treatment often
becomerefractory to chemotherapy. In order to study thisproblem, we have
created ovarian cancer cell linesthat areresistant to cisplatin. Using this
model, we have utilized SAGE to identify geneswhose expression isaltered
in cisplatin-resistant cells. Among the genesdifferentially expressedin
cisplatin-resistant cells, we have identified many genes encoding protei ns of
the extracellular matrix. We areinterested in identifying the mechanisms of
cell adhesion-mediated drug resistance (CAM-DR) in ovarian cancer.

Collaborators: Ellen Pizer, M.D, Ph.D., Johns Hopkins University;
Myriam Gorospe, Ph.D., Laboratory of Cellular and Molecular Biology,
NIA; Kathleen R. Cho, M.D., University of Michigan Medical School.
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rowth and proliferation.

Agingand T Lymphocyte Activation: Thelongterm goal of thelabisto
gain abetter understanding of the mechani smswhereby immunosenescence
arisesin aging animals. Immunosenescenceis characterized by a
deterioration of both cellular and humoral immunity, and has been proposed
to haveitsrootsin declining T-cell function as a consequence of changesin
the ability of the T cellsin aged animalsto respond to mitogenic stimuli.
Studies havefound little difference between young and old animalswith
respect to the expression level of the T-cell antigen receptor (TCR) or other
cell surface receptorsinvolved in responding to mitogenic stimuli.
Therefore, it ishypothesized that the declinein responsivenessto mitogens
may reflect changesinintracellular signaling pathways. Indeed, many
differences have been observed in some of the early TCR-initiated signaling
eventsin T-cellsisolated from young animals compared to old. However,
none of these changes seem to sufficiently account for the age-associated
declinein T-cell function. Effectiveinvestigation of the signaling defects
that giveriseto declining T-cell function with ageishampered by the lack
of acomplete understanding of the signaling pathwaysinvolved in normal
(i.e.young) T-cell activation. Thisbeing so, we are currently attempting to
uncover new portions of the signaling pathway that are downstream of
engagement of the T-cell antigen receptor.

TyrosineKinasesin T-Cell Receptor Signaling: One area of interest of
the laboratory isthe study of thetyrosinekinases (TKs) that act very early in
the process of TCR signaling. Threefamilies of TKshave beenimplicated
in TCR signaling, theseinclude the Src-family kinases L ck and Fyn, the
Syk-family kinases ZAP-70 and Syk, and the Tec-family kinases, Itk, Tec
and RIk. Thelaboratory hasalong-standing interest particularly inthe study
of ZAP-70 (Zeta-chain Associated Protein) and Itk (Inducible T cell
Kinase). Innormal T cell activation in responseto afully competent
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activationsignal, ZAP-70isrequired for al distal TCR signaling events.
However, under conditionswhere asuboptimal TCR partial agonist or
antagonist bindsto the TCR, intracellular signalsare generated
independently of ZAP-70 activation. Using T cell model systemsthat differ
intheir ability to expressZAP-70, we areinvestigating the nature of these
ZAP-70-independent TCR signaling pathways. These pathwaysarelikely
to beimportant in committing non-productively stimulated T cellsto anon-
responsive (anergic) state, whichisphenotypically similar to the state of
immunosenescent T cells.

Itk, unlike ZAP-70ismuch less pervasiveinitseffectson signaling
pathways downstream of TCR engagement. Nonetheless, it playsan
important rolein calcium mobilization, by phosphorylating and modulating
the activity of phospholipase C, andin“inside-out” signaling fromthe TCR
to adhesion factors. Itk also playsacritical rolein modulating changesin the
cytoskeleton that areinitiated upon TCR stimulation. Our lab hasakeen
interest in understanding both how Itk activation isregulated, aswell asin
understanding how it signalsto itsdownstream effectors. Werecently found
that ZAP-70regulates|tk activation by controlling the ability of Itk to
interact with other signaling molecules (L at and SLP-76) that arerequired
for the assembly of multi-molecular signaling complexesthat areimportant
in Itk activation and other signals downstream of TCR signaling. Current
effortsarefocusing on discerning exactly how it isthat the mulit-molecul ar
signaling complexes assembled by Lat and SLP-76 result in Itk activation.
In another approach, we have also been investigating theroleof lipid
kinases and phosphatasesin regulating Itk localization and activation, and
have found that the expression level of thelipid phosphatase PTEN playsan
important rolein regulating Itk localization to the plasmamembrane, an
important step in Itk activation.

Lipid Phosphatasesin Regulating TCR Signaling: The regulation of
initiation of cellular growth, cell cycle entry and protection from apoptosis
arecritically important events downstream of productive engagement of the
T cell antigen receptor. A critical regulator of theseeventsisthelipid
phosphatase PTEN. Thisenzymeisatumor suppressor, and catalyzesthe
reversal of thereaction catalyzed by thelipid kinase, phosphoinositide (Pl)-
3 kinase, which isactivated following TCR signal. The laboratory hasan
interest in understanding what role PTEN playsin regul ating the proximal
eventsof TCR signaling, aswell asdistal eventsinvolving the activation of
varioustranscription factors and changesin gene expression. These studies

Laboratory of Cellular and Molecular Biology 61



are being pursued in the Jurkat T cell line, which has the advantage of being
naturally PTEN-null. For these studies, we have generated stable cell lines
which can beinduced to express PTEN. Confirmation of the findingsfrom
the Jurkat cell linesisbeing carried out in normal human T cellsaswell as
normal and genetically modified mouse T cells.

Roleof PTEN in Growth Regulation in T cellsand T Cell Leukemias:
Asan extension of our interest intherole of PTEN inregulating TCR
signaling pathwaysand T cell activation, weaso haveaninterestina
broader understanding of therole of PTEN in regulating cellular growth and
proliferationin T cellsand leukemias/lymphomasderived from T cells. Our
recent discovery that the commonly studied acute lymphocytic T leukemia
line Jurkat does not express functional PTEN, has alowed usto develop
thiscell lineasan ideal model system to study the effects of restored PTEN
expression on growth, proliferation and apoptosis. Indeed, using thismodel
system we have revealed an unusual mode of action of PTEN in regulating
cellular proliferation. In most cell lines studied to date, the restoration of
PTEN to PTEN-null tumor cell liensresultsin acombination of G1 cell
cyclearrest and induction of apoptosis. However, inthe Jurkat T cell line,
when PTEN isrestored, the cells show diminished proliferation, not asa
consequence of cell cyclearrest or increased apoptosis, but rather asa
consequence of uniformly delayed progression through all stages of the cell
cycle. Thelaboratory isworking to further characterize the pathway
involvedinthisunusual response, and attempting to determine whether this
isindicative of ageneral differencein the mechanism by which PTEN acts
asatumor suppressor in hematopoietic tumors as opposed to solid tumors.

Collaborators: Ezio Bonvini, M.D., Food and Drug Administration;
DonnaFarber, Ph.D., University of Maryland at Baltimore; Aideen Long,
Ph.D., Royal College of Surgeonsin Ireland; Joaguin Madrenas, M.D.,
Ph.D., University of Western Ontario; Dan McVicar, Ph.D., National
Cancer Institute, NIH; Pamela Schwartzberg, M.D., Ph.D., National
Human Genome Research Institute, NIH; Kevan Shokat, Ph.D., University
of California, San Francisco; Tse-HuaTan, Ph.D., Baylor College of
Medicine; Dennis Taub, Ph.D., Laboratory of Immunology, NIA.
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TheLaboratory of Clinical I nvestigation (L Cl) iscomprised of 4
Sectionsand 2 Unitswith 8 principal investigators. These are asfollows:
Bioanalytical Chemistry and Drug Discovery Section; Diabetes Section;
Hematol ogy/Oncol ogy Section; Cancer mmunol ogy/lmmunotherapy Unit;
Molecular and Clinical Pharmacol ogy Section; and Nuclear Magnetic
Resonance Unit. The common theme and thread among these research
groupsisthat of theidentification and devel opment of new therapeutic
targetsfor the treatment of age-related disease. The Laboratory servesasan
infrastructureto facilitate the creation and devel opment of therapeutic targets
within the Laboratory and acrossthe Intramural Research Program.
Activitiesrelating to thistheme within each Section and Unit areasfollows.

Bioanalytical Chemistry and Drug Discovery Section (BCDDS):

(PI Dr. Irving Wainer) In addition to the original science using receptor-
immobilized columnsand receptor structural modeling, this Section serves
asaresourcefor determination of drug and metabolite structureand
guantitation and for assignment of structureto larger proteins. It therefore
conducts receptor/target conformational studiesthat providethebasisfor
understanding drug and receptor interactions. A goal isthe creation and/or
maodification of drug structurethat optimizesligand (drug) receptor
interactions. Use of receptor-immobilized columnsfor the nicotinic receptor,
for example, isleading to better understanding of the on-off kineticsfor
variousligandsthat, coupled with animal or clinical pharmacodynamic data,
suggest structural modification of known ligands or prediction of structure
for ligandsto be synthesized to achieveimprovement in ligand-receptor
binding characteristics. Similar studies are underway with the drug
transporter, P-glycoprotein, and are beginning, in collaboration with

Dr. Rui-Ping Xiao in the Laboratory of Cardiovascular Science, on the f3,-
adrenergic receptor.

63



64

Diabetes Section (DS): (PIsDrs. Josephine Egan and Michel Bernier)
Type 2 diabetes mellitus and the identification of new targetsfor its
treatment are the focus of this Section asit relatesto drug discovery and
development. Dr. Egan hasidentified the GL P-1 receptor asapromising
target as an insulinotropic agent. In the past Dr. Egan has shownin
preclinical and clinical study that the GL P-1 receptor ligand exendin-4 may
provide anew approach for thetreatment of Typell diabetesmellitus. This
work has provided the scientific basi s, both preclinical and clinical, that has
made thistherapeutic target and drug attractiveto the private sector, whereit
isnow inlater stages of clinical development. The present focusisthe study
of the mechanisms of the release of enteric peptidesthat modul ateinsulin
release, and an in-depth study of one of the peptides, GI P, and itsreceptor,
to further understand therole of insulinotropic treatmentsfor type 2 diabetes
mellitus.

Dr. Bernier focuses on theinsulin receptor. Heworksto elucidate the
protein-protein interactionsthat make up the signaling unit of theinsulin
receptor, any part of which may be disrupted in type 2 diabetes mellitus.

Hematology/Oncology Section (Pl Dr. Eric Westin) and Cancer

I mmunology/l mmunother apy Unit: (Pl Dr. Igor Espinoza-Delgado)
Devel opment of combination therapiesthat exploit the immunomodul ating
properties of bryostatin-1 to enhanceresponsesto rituximab or IL-2 area
major drug development themein the Section and Unit. Dr. Espinoza-
Delgado’ slaboratory research isfocused on developing therationalefor
immunomodulation in the treatment of non-Hodgkin’slymphoma. Thisis
tranglated directly into phasel clinical study in his patient-oriented research
program. It benefitsfrom the opportunity to collaborate with Dr. Wainer’s
Bioanalytical Chemistry and Drug Discovery Section in the devel opment of
methodsfor biological fluid and tissue analysis of the various drugsthat
have previously been difficult or impossibleto measureat clinically relevant
concentrations. In addition Dr. Espinoza-Del gado has begun to collaborate
with Dr. Richard Spencer and thein vivo Nuclear M agnetic Resonance Unit
to trace distribution of immunologically altered cellsinjected into the
experimental animal and to phenotypically characterize cancer animal
models.

Molecular and Clinical Phar macology Section (M CPS): (Pls

Drs. Nikolai Soldatov and Darrell Abernethy) In the process of
understanding gating mechanisms of the L-type calcium channel and the
roleof theintracellular domains of the channel insignal transduction, splice
variationsthat change channel function in age and atherosclerosiswere



noted. Understanding the functional consequence of such splicevariation
and the changesinlocal cellular milieu associated with this splice variation
has become anew focus of investigation. How these splice variant calcium
channel s change the pharmacodynamics of calcium channel antagonist
drugs may provide understanding of intertissue and interindividual variation
inresponseto thesedrugs. Thisisnow atranslational research effort aswell
to exploretheclinical consequences of such splicevariation. A component
of identification of atherapeutic target in addition to selection of optimal
ligand(s) to move forward as drug candidatesis understanding
pharmacokinetic/pharmacodynamic properties of these compoundsin
animal modelsand man. Present efforts areto develop systemsto
characterize and predict dose/effect relationshipsthat have utility when
neither drug concentration nor drug effect will be available at thetime drug
dose must be selected for an individual patient. The approach showing
promiseiswith use of trained neural networks. A related areaisthat of
understanding drug dose and concentration/effect relationshipswhen the
effect baselineisnonstationary (e.g. blood pressure, heart rate, mental status,
WBC or platelet count). Beat-to-beat heart rate variability, and analysis of
such data simultaneously in thetime and frequency domainsusing wavel et
anaysisisthe approach being devel oped.

Nuclear M agnetic Resonance Unit (NMR): (PI Dr. Richard Spencer)
Thisunit has and continuesto makeimportant contributionsin the study of
chrondrocyte biology using tissue bioreactorsin cellular models of arthritis.
With respect to identification of new therapeutic targetsand drug

devel opment, themajor effort isin characterization (phenotyping) of
transgenic mice, studies of tissue bioenergeticsin variousanimal disease
models, study of body composition and organ function, and evaluating the
effects of treatmentsin the disease models. Collaborationswith Dr. Egan,
evaluating diabetes animal models, and with Dr. L akattain the Laboratory
of Cardiovascular Science, studying heart failure models, have been quite
informative and productive. Planned studieswith Dr. Francomanoin the

L aboratory of Geneticsto characterize the phenotype of transgenic animals
that model human skeletal dysplasias, and with Dr. Soldatov inthe
Molecular and Clinical Pharmacology Section to study the consequences of
variant L-type calcium channelson cardiac and vascular function are
expected to produce animal modelsin which therapeutic interventions can
be implemented and pharmacodynamics sensitively measured using in vivo
NMR.
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Darrell R. Abernethy, M.D., Ph.D., Senior Investigator
Chief, Laboratory of Clinical Investigation
and Chief, Molecular and Clinical Pharmacology Section

Gerontology Research Center
Room 3-C-02

Phone 410-558-8611

Fax 410-558-8318

E mail abernethyd@grc.nia.nih.gov

Biography: Dr. Darrell Abernethy received his M.D. and Ph.D. (Pharmacology)
degrees from the University of Kansas School of Medicine in 1976. Training in Internal
Medicine through Board Certification was at the University of Miami/Jackson Memorial Hospital, and
postdoctoral training in Clinical Pharmacology at Massachusetts General Hospital followed this. He joined the
faculty at Tufts-New England Medical Center as an Assistant Professor. Following this he was at Baylor
College of Medicine where he became Associate Professor of Medicine. Dr. Abernethy then moved to Brown
University School of Medicine as Chief of the Division of Clinical Pharmacology and became Professor of
Medicine at that institution. He then moved to Georgetown University School of Medicine as Francis Cabell
Brown Professor of Medicine and Pharmacology and Director of the Division of Clinical Pharmacology.

Dr. Abernethy joined the NIA in April, 1999. Early in his career Dr. Abernethy made fundamental contributions
to understanding of drug tissue distribution and the factors that regulate drug distribution. He then worked in
the area of cardiovascular drug responses and their changes in aging and hypertension. This led to his current
focus on understanding mechanisms of calcium homeostasis, its changes with age and disease, the effects
of calcium antagonist drugs in these systems, and identifying new targets for therapy for hypertension,
atherosclerosis, and other diseases of altered calcium homeostasis.

Keywords: Calcium Channel Variantsin Aging and Disease: Alternative splicing
calcium generates diversity of the calcium channel alphasubunit, but does not

calcium antagonists significantly changethe overall topology of the protein, whichishighly
hypertension conserved in theregions of calcium antagonist drug binding. Instead regions
pharmacodynamics of diversity appear to regulate function of the calcium channel, in particular
Recent Publications: with regardto therate of itsinactivation following stimulation. The

, aternatively spliced variants of the calcium channel have beenidentifiedin
ﬁgg;“me;%,%;;g&fgi different tissues, and appear to be expressed differently asafunction of age.
186-195. We are exploring the molecular correlates of calcium gating in this channel

and how gating differsin the various naturally expressed channel variants.
L%gﬂ;jg‘;gi;fc SEtzglc')z; In addition weare studying the heterogeneity, distribution patternsand
12: 407-413. regulation of the splice variantsin human cardiac and vascular tissuesin
. , relationship to age, hormonal, and pathological stimuli. L-type calcium
'é%g:?;%g ze;g.l’géffl antagonist drugs have become very important in cardiovascul ar therapeutics
5028. o for the treatment of anginapectorisand hypertension. For further
improvement of calcium channel targeting drugs, these studieswill provide
understanding of the molecular bases of regulation of the calcium channel.
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M echanismsof Calcium Antagonist Drug Action: Mechanism of calcium
antagonist drug induced arterial vasodilatationisgenerally assumedto be
dueto L-type calcium channel blockade on vascular smooth muscle.
Interference with other systems has not been well appreciated. We
demonstrated in clinical study that cal cium antagoni st drugs block
angiotensin |1 and endothelin mediated vasoconstriction. It wasunclear if
thiswas a specific effect; however, we have recently shown that calcium
antagonist drugsalter angiotensin |1 signaling at themolecular level,
suggesting that thereis specificity to the clinical finding and that thisisa
further explanation of the mechanism of these drugs. We currently are
studying thiseffect in calcium channel variants and extending these studies
to understand therole of the vascul ar endothelium in cal cium antagonist
drug effect.

Roleof Genetic Variantsin Vascular Responses: Recently anumber of
genetic polymorphismsin systemsthat have important rolesin vascular
contraction have been identified. For example 5-10% of the population
appear to have an altered endothelial nitric oxide synthase enzymewhich
has been suggested to be associated with myocardial infarction. Therole of
such avariant in altered responsivenessto drugsisnot well appreciated. We
very recently showed that theindividual swith the altered nitric oxide
synthase gene have markedly increased platel et aggregation that may be
associated with cardiovascular disease. A large number of these kinds of
genetic variants are being discovered; however, many do not have disease
and/or drug-associated consequences. We are devel oping strategiesto select
those variantswhich we believe will have pathophysiological and
pharmacological importancein aging and diseaseandin clinical studies
determining if our strategiesare effective. Inthelonger termwebelieve
these studieswill becritical for the development of patient-specific
therapeuticsand in theindividualization of drug therapy inaway to
minimizedrug toxicity.

Collaborators: Nikolai Soldatov, Ph.D., NIA; Irving Wainer, Ph.D., NIA,;
Richard Spencer, M.D., Ph.D., NIA; Jane Freedman, M.D., Boston
University; DeannaKroetz, Ph.D., University of California, San Francisco;
Michel Eichelbaum, M.D., Bosch Research Institute, Stuttgart, Germany;
Mary AnnMascelli, Ph.D., Centocor, Inc.
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Irving W. Wainer, Ph.D., Senior Investigator
Chief, Bioanalytical Chemistry and Drug Discovery Section

Gerontology Research Center
Room 2-205

Phone 410-558-8498

Fax 410-558-8409

E mail wainerir@grc.nia.nih.gov

Biography: Dr. Irving W. Wainer graduated from Wayne State University in 1965 with a
B.S. in chemistry and then received his Ph.D. degree in chemistry from Cornell
1 University in 1970. He did postdoctoral doctoral studies in molecular biology at the

University of Oregon and clinical pharmacology at Thomas Jefferson Medical School.
From 1978 to 1986 he worked for the Food and Drug Administration (FDA) as a Research Chemist. His duties
included the development of the FDA'’s program on the stereoisomeric purity of drugs. In 1986, he left the FDA
to become Director of Analytical Chemistry, Clinical Pharmacokinetics Lab, and Associate Member,
Pharmaceutical Division, St. Jude Children’s Research Hospital in Memphis. He stayed in Memphis until 1990
when he moved to Montreal where he assumed the position of Professor and Head of the Pharmacokinetics
Laboratory, Department of Oncology, McGill University. He is still an Adjunct Professor at McGill. In 1997, he
moved to Georgetown University, Washington, D.C. as a Professor of Pharmacology. In 2001 he moved to NIA
to head the new Bioanalytical Chemistry and Drug Discovery Section in the Laboratory of Clinical
Investigation.

He has published over 250 scientific papers and eight books. He was founding editor of the journal Chirality
and is currently Senior Editor of the Journal of Chromatography B: Biomedical Sciences and Applications. His
awards include: co-recipient with Dr. John E. Stambaugh of the “Harry Gold Award’ from the American College
of Clinical Pharmacologists; “Sigma Xi Science Award’, FDA Sigma Xi Club; “A.J.P. Martin Medal’ presented
by the Chromatographic Society for contributions to the development of chromatographic science; Elected
Fellow of the American Academy of Pharmaceutical Sciences; Elected Member United States Pharmacopeial
Convention Committee of Revision for 1995-2000. His research interests include clinical pharmacology,
bioanalytical chemistry, proteomics and the development of on-line high throughput screens for new drug
discovery.

Keywords:

cancer cachexia

drug metabolism
immobilized receptors
high throughput screens

Recent Publications:
Jozwiak K, et al. Anal
Chem 2002; 74: 4618-
4624.

Bartolini M, et al. J

Chromatogr A 2003; 987:

331-340.

Rodriguez-Rosas ME, et
al. J Chromatogr B 2003;
794: 99-108.

The Effect of Disease State on Drug M etabolism: We haveidentified a
number of discordances between metabolic genotype and expressed
phenotypein patientswith advanced cancer and AIDS. For example,
patients with extensive or fast genotypes for cytochrome P450 (CY P) 2C19
and N-acetyltransferase-2 (NAT-2) have displayed poor and slow
phenotypes, respectively. In the case of CY P 2C19, this discordance was
associated with metastatic disease. With AIDS patients, the discordance
between NAT-2 genotype and expressed phenotype was observed during
acute disease events. Treatment of the acuteillnessresultedin areversionto
concordance between genotype and expressed phenotype.

Since these observations were associated with advanced disease, we have
initiated studiesin patients suffering from terminal syndromessuch as
cancer cachexia. In particular, we have developed adirect measure of a
proteolysisinducing factor (PIF) associated with cachexia. The PIFis
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measured in spot urinesusing capillary electrophoresis (CE). The presence
of PIF in urine has been correlated with clinical status and with the
identification of PIFintumor biopsies. We have al so correlated the presence
of PIFinurinewith treatment response and clinical relapse. A longitudinal
study of the use of PIF as a disease marker has been designed and will be
initiated thisfall.

Based on these results, we have initiated a study using CE coupled with
mass spectrometry (CE-MS/MS) and MALDI-TOF spectrometry to
guantify PIF in tissues and to examine the effect of cachexiaon pre- and
post-translational expression of hepatic enzymes and transporters. We will
also uselaser capture microdissection and CE with mass spectrometry or
laser induced fluorescenceto study these effectsin single cells.

I mmaobilized Receptors, Transporter sand Enzymes. We have
developed liquid chromatographic stationary phases containing immobilized
receptors, enzymes and transportersasan on-line, flow systemfor usein
new drug discovery and in the characterization of lead drug candidates.
These columns can rangein sizefrom standard Ic columnsto micro-
columns, can be used to screen complex chemical mixtures, to characterize
single compounds and to screen phage libraries. The columns can be used
with characterized targets - e.g. nicotinic, GABA, NMDA, estrogen
receptors, P-glycoprotein and other ABC transporters, cytochrome P450
and other enzymesincluding phenylethanolamine N-methyltransferase and
dopamine 3-hydroxylase - aswell as orphan receptors and other expressed
proteins. In addition, the columns can be placed on-linewith mass
spectrometersor any other structure or activity detectorsand providereal-
time data. We al so have data that demonstrate that thistechnique can give
information that cannot be obtained using standard micro-titer plate
approaches. For example, theimmobilized nicotinic receptor column can be
used to rapidly identify non-competitive inhibitors of thisreceptor. At the
current time, non-competitiveinhibitors can only beidentified through
functional ion-flux studies. Current research involvesthe development of
other ABC transporter columns, the creation of an opioid receptor column,
and development of a3,-adrenergic receptor column.

Bioanalytical Chemistry: We have developed awide variety of new and
unigue bioanalytical methodsfor the quantification of drugsin biological
matrices. These methods have been applied to pharmacokinetic and clinical
studies. In addition, we have begun studiesin the area of proteomicsfor the
identification of proteinsin cellular matrices. Thesetechniqueswill involve
MALDI and ms/ms mass spectrometry.
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Collaborators: Darrell Abernethy, Laboratory of Clinical Investigation,
NIA; Gerry Price, McGill University; Neil McDonald, McGill University;
Robert Clarke, Georgetown University; Francois Gimenez, Hospital
Necker, Paris, France; Carlo Burtucci, University of Bologna; Terumichi
Nakagawa, University of Kyoto; Beverly Barton, Medical and Dental
University of New Jersey; CelesteLindlye, University of North Caroling;
Joanne Lampe, University of Washington.
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Josephine M. Egan, M.D., Senior Investigator
Chief, Diabetes Section

Gerontology Research Center
Room 2-105

Phone 410-558-8414

Fax 410-558-8381

E mail eganj@vax.grc.nia.nih.gov

Biography: Dr. Josephine Egan is a board certified endocrinologist who received her
endocrine training at the University of Virginia, Charlottesville. She has been with the
NIA since July, 1990. Her early work related to investigating and quantitating insulin

release from individual beta cells in the islets of Langerhans. Using this methodology, she outlined the
abnormalities that occur in the aging beta cells of rats. More recently she has been working on ways to
reverse these abnormalities, on ways to increase insulin secretion in Type 2 diabetes mellitus and on outlining
the growth factors involved in beta cell replication.

Keywords:
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Exendin-4

insulin and diabetes
islets of Langerhans

Recent Publications:

Egan JM, et al. J Clin
Endocrinol Metab 2002;
87(3): 1282-1290.

Egan JM, et al. J Clin
Endocrinol Metab 2002;
87(8): 3768-3773.
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Aging and Type 2 Diabetes. Our section studiesinsulin secretion and beta
cell function becauseit isachallenging and relevant scientific area of
investigation. Diabetesisavery contemporary health problem that affects 16
million Americans. Ten percent of theseindividuals suffer from an absolute
deficiency of insulin (type 1 diabetes), and therest are diabetic becausetheir
beta cells do not provide an adequate amount of circulating insulin (type 2
diabetes). Patientswith diabetes encounter anumber of lifethreatening
illnesses, so effectivetreatment of thisdisorder isahighly desired goal. As
the prevalence of type 2 diabetes continuesto increase with increasing age,
understanding the pathogenesi s of thisdiseaseisalso highly relevant to the
mission of our Institute. Anin-depth understanding of what controls beta
cell function and mass might reveal new therapeutic possibilitiesto prevent
diabetes and/or treat patientswith type 2 and type 1 diabetes.

Design of Drugsfor Treating Type 2 Diabetes: Insulinotropic peptides
are synthesized in enteroendocrine cells of the gut. When food is eaten, they
are secreted into the blood stream, resulting in their increased concentrations
in plasma. Thetwo best described insulinotropic peptidesare GLP-1 and
GIP, sometimes collectively referred to asincretins. Often binding of
incretinsto their specific receptorson betacellsincreasesinsulin release.

GL P-1 maintainsinsulinotropic activity intype 2 diabetes and anal ogs of
GLP-1 aswell as agonists of the GLP-1 receptor are under development as
treatmentsfor diabetes. One such agonist, xendin-4, was given for 31 days
to type 2 diabetic patientsin astudy by the NIA. Most recently we have
beeninvolved in studies of GIP physiology. Clinical work by other groups
have shown that GIPis not an effective insulinotropic agent in type 2
diabetes. We have devel oped amore potent and longer-lasting GI P anal og,
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whichweare currently testing in arandomized double-blind clinical trial,
again sponsored by the NIA, intype 2 diabetic patients. In parallel basic
studies, we have been attempting to unravel the mechanism by whichthe
enteroendocrine cells sense glucose and macronutrients, and the
downstream signaling which ultimately resultsin exocytosis. We have
uncovered anovel signaling pathway for hormone - secreting cells
analogousto chemosensationinlingual cells. Thispathway providesthe
mechanism by which the enteroendocrine cellsrel ease their peptide
productsinto the blood stream in proportion to the calories eaten. If we can
unravel this pathway, we might be able to devel op non-nutrient based
secretagogues of these hormones which would be useful to treat type 2
diabetesand obesity.

Regulation of Beta Cell Function and Mass: For adecade, our |aboratory
hasinvestigated the molecular mechanismsresponsiblefor thedeclinein
beta cell function with aging and type 2 diabetes. We uncovered the fact that
the gut peptide, GLP-1, playsarolein betacell replication and
differentiation. Other investigators have shown it to be an anti-apoptotic
factor in beta cells. Recently we al so showed that GLP-1 and exendin-4
upregulate pdx-1, acritical transcription factor for betacells. Also recent
work in our laboratory has shown that the Notch receptors and ligands are
present and functional in betacells. These play critical rolesin determining
cell fate choicesrelated to proliferation, differentiation and apoptosis, ina
context dependent manner. We have found that in unstimul ated betacells,
Notch ismainly cytoplasmic, but with glucose stimulation, and even more
so with exendin-4/GLP-1, itistransl ocated to the nucleus. Moreover, we
have shown that activation of Notch leadsto increasesin IRS2 protein.
Disruption of the gene for IRS2 in mice has already been shown to lead to
betacell failure. We are presently attempting to understand how Notch
activation leadsto increasesin IRS2 protein as RS2 playsan important role
inidet proliferation, differentiation and survival.

Collaborators: Dr. Nigel Greig, Laboratory of Neurosciences, NIA;

Dr. Andrew Y oung, Amylin Pharmaceuticals, San Diego; Dr. Grady
Meneilly, University of British Columbia; Dr. Robert Margolskee, Mt. Sinai
Medical Center.

Laboratory of Clinical Investigation 73



Michel Bernier, Ph.D., Investigator
Diabetes Section

Gerontology Research Center
Room 2-B-01

Phone 410-558-8199

Fax 410-558-8381

E mail bernierm@vax.grc.nia.nih.gov

Biography: Dr. Bernier received his Ph.D. from the University of Montreal, Canada, in
1983, and completed two postdoctoral fellowships. The first one was held at INSERM
U.162 in Lyon, France, and the second one at the Johns Hopkins University School of

Medicine in Baltimore. He was an assistant professor of Biochemistry at McGill University in Canada before

joining the NIA in 1990.

His current projects include investigation of the molecular aspects of insulin receptor

signal transduction. He is a member of the American Diabetes Association and the Endocrine Society.
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The central theme of theresearch in my laboratory involvesthe use of
molecular biology and biochemistry to study the mechanism whereby the
signal generated by theinsulin binding to itscell surfacereceptor is
transmitted intracellularly to various enzymes and proteins. Our objectives
areto dissect the signaling networks, specific functional complexes, and
molecular mechanismsthat underlie the regulation of mitogenesisand
metabolism by insulin. Specifically, thelaboratory isactively engagedin (a)
understanding structure/function rel ationships of theinsulin receptor and
two newly-described interacting proteins, namely the actin-binding protein,
filamin A, and phospholipase C-gammal (PLCy1); (b) ng the
contributions of theseinteractionstoinsulin signaling ininsulin-responsive
cells(e.g., hepatocytes, adipocytes); and (c) applying the gained knowledge
to devise strategiesto interfere with aberrant mechanismsininsulin signa
transduction seen in patients with obesity, type |l diabetes and aging.

We have recently identifed filamin A and PL Cy1 as genuine partners of the
insulin receptor in cultured cell linesand inaprimary culture of rat
hepatocytes, which reflectsthe potential for physiological significance.
Filamin A and PL Cy1 possess discrete domainsthat allow their binding
with theinsulin receptor. A mechanistic understanding of the regulation of
these specific functional complexes could ultimately be used for the design
of novel approachesto control the activity and/or intracellular redistribution
of these signaling moleculesin variousinsulin resistance states. In addition,
using mutational techniques, we are mapping afunctional domain of the
insulin receptor involved in receptor-mediated PL Cyl interactionandin
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coupling of the activated receptor to downstream signal transduction
molecules. Finaly, we are studying therole of PLCyl and filamin A in
adipocyte differentiation and as modul ators of insulin-stimulated metabolic
responsesin hepatocytes and adipocytes.

Current studies are using multiple methods (antibody arrays, DNA arrays,
proteomic technol ogies) to identify candidate genesthat are up- or down-
regulated in cellsexpressing filamin A or PLCy1 constructs versus control
hepatocytes or adipocytesfollowing exposureto insulin. The pathways
regul ating these candidate geneswill then be studied in detail. Obesity-
linked insulin resi stance and changes associated with aging have been
linked to proinflammatory cytokine signaling. New effortswithin the
laboratory include research activitiesto dissect rel ated signaling mechanisms
inthe control of proinflammatory responsesin freshly isolated human T-
lymphocytes. We have recently beeninvolvedin acollaborative effort to

€l ucidate unexplored mechanismsin theregulation of cytokine signaling by
short-lived farnesylated proteins. Thisinformation may provide perspectives
for new strategiesto improveinsulin resistance.

Collaborators: Dr. Jonathan S. Bogan, Y ale University School of
Medicine; Dr. Michael T. Crow, The JohnsHopkins University School of
Medicine; Dr. Banabihari Giri, Laboratory of Immunology, NIA.
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Biography: Dr. Eric Westin received his M.D. from Albany Medical College in 1976
with board certification in Medicine and Oncology, having received his Oncology
training at the Medicine Branch of the National Cancer Institute. He has been on the

faculty of the Medical College of Virginia/Virginia Commonwealth University in Richmond, Virginia from 1984
to 1997 and subsequently Professor of Medicine and Chief of the Section of Hematology/Oncology and
Medical Director of the Mary Babb Randolph Cancer Center at West Virginia University prior to joining NIA in
May, 2000. His research interests from fellowship training have been focused on the role of proto-oncogenes
in control of hematopoietic cell differentiation with evolution to examining the role and regulation of the c-myb
transcription factor in this process. Current laboratory work examines the role of this and other genes in
control of proliferation and differentiation using both hematopoietic and breast tumor epithelial models coupled
with cDNA micro-array analysis of gene expression and how these processes may be modulated by
chemotherapeutic and other signaling agonists or antagonists. In addition, significant new studies have been
initiated characterizing a novel potential suppressor gene on chromosome 6q, discovered due to its proximity
to the c-myb. This and other work in this section will lead to translational studies within the clinical research
unit to directly test the clinical diagnostic of therapeutic potential of basic findings.
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Control of Hematopoietic and Epithelial Differ entiation: Hematopoiesis
and breast epithelial proliferation and differentiation represent processes of
terminal differentiation leading to cell death in the case of hematopoiesisor
reversible differentiation and proliferation in the case of the breast
epithelium. When viewed in the context of aging, each mimics aspects of
cellular aging where other factors such as number of cell divisionsand
oxidant stress and damage are thought to limit cellular life span but
nonethelessare likely to have effectsthrough many of the same cell
signaling processes. When viewed in the context of the treatment of
malignant diseases, pharmacol ogic manipulation of signaling pathways
responsiblefor controlling the balance between differentiation and
proliferation in conjunction with chemotherapeutic agents may well provide
methodsto increase the specificity of conventional agentsthusincreasing
both efficacy and reducing toxicity. Both are critical components needed to
improvetreatment in patients with co-morbidities most frequently associated
with aging where the balance between benefit versusrisk of intervention
becomesincreasingly problematic with age.
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Hematopoieticand Epithelial Proliferation/Differentiation: Thecellular
myb geneisamember of the transcription factor class of proto-oncogenes
originaly transduced in the avian myeloblastosis (AMV) and E26 acute
transforming retroviruses of chickens. It iscapable of either transactivation
(target genessuch asmim+1) or transrepression (target genes such asc-
erbB-2) depending on the context of binding to the promoter. Based on our
and other studies, down regulation of human c-myb expression occurs
during hematopoietic differentiation through use of atranscription attenuator
within thefirst intron of the gene. Thisdown regulationisrequired for
differentiation to occur. Introduction of aconstitutively expressed c-myb
genewill block both withdrawal from cell cycle aswell asacquisition of
differentiated featuresin avariety of differentiation modelsincluding Friend
murine erythroleukemia (FMEL) cells.

Though progress has been madein understanding therole, regulation and
function of myb in hematopoiesis, anumber of critical questionsremain.
Theseinclude such basicissuesas: i) what aretherelevant target genes
activated or repressed by c-myb; ii) what are the functions of products of c-
myb produced by extensive alternative mRNA processing and found ina
variety of cell typesand; iii) isc-myb mechanistically involvedin
leukemogenesisin humansasit isin the mouse and chicken.

| solation of a Candidate Tumor Suppressor Genefrom Chromosome
6q: Asthe population continuesto age, the age dependent increasein
cancersincluding non-Hodgkin’ slymphomas and breast cancer become an
increasingly important source of morbidity. Many of these cancersare
associated with acquired genetic abnormalitiesthat arelinked to their
pathogenesis. One common areaof abnormality that hasyet to lead to
identification of one or more specific genesisthelong arm of chromosome
6. Abnormalitiesincluding del etion, rearrangement and | oss of
heterozygosity in the chromosome 6q region surrounding the c-myb gene
occur frequently inavariety of tumorsincluding the non-Hodgkin's
lymphomas, acute lymphocytic leukemias, breast cancer, sarcomas,
melanomaand non-small cell lung cancer.

With the near completion of the draft human genome sequence earlier this
year, previous sequence datahas|ed to isolation of acandidate tumor
suppressor genetermed mrrl. Using estsfor analysis, apartial candidate
cDNA has been isolated and based on sequence analysis of thisand other
available sequence, the mrr1 protein analyzed.

Collaborators: Drs. D. Flynnand K. Landreth, West VirginiaUniversity,
Morgantown, West Virginia; Dr. T. Bender, University of Virginia,
Charlottesville, Virginia
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Center, New Orleans as Assistant Professor and Associate Director of the Cancer Immunotherapy Program.
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Monocytes, Antigen Presentation, and Cancer Immunotherapy: Pre-
clinical studieshave clearly demonstrated that antigen-pulsed DCscan
generate protectiveimmunity against tumors. Morerecently, pilot studies

cancer vaccine
immunotherapy
IFN-y
Bryostatin-1

performed in humans suggest that monocyte-derived DCs are capabl e of
eliciting antigen-specific immune responses some of which were associated
with clinical response. Theresultsof these experimental modelsand early
clinical trials provide acompelling rationale for arduous expl oration of
antigen-based cancer vaccinesusing APCsasinitiators of theimmune
response. One problem with this approach has been the DCs themsel ves.
Although DCshave been characterized asthe most immunol ogically
powerful APCs, they have several drawbacksincluding the lack of awell
defined phenotype, the expensivelong-term ex-vivo culture conditions
ranging from two daysto more than one week, the limited availability of
these cellsand thevariability, intermsof recovery, from patient to patient.
Moreover, recent reportsindicated that tumor bearing animalsand cancer
patients with advanced disease have a decreased number of DCswith a
diminished APC function. Taken together, these factors may have anegative
impact on the devel opment of APCs-based cancer vaccine. Therefore,
innovative approachesto circumvent the above mentioned problemsare
needed to further advance the cancer vaccinefield. Our approach has been
to explorethe potential of human monocytesto act as professional APCs.
In contrast to DCs, monocytes offer the advantage of being phenotypically
well characterized, being availablein large amountsfrom peripheral blood,
and being effector cells. Studies examining human monocytes activated for
short periods of time (18 hours) reveal ed that these cellsexpressall the
recognition, adherence and costimul atory moleculesrequired for the
induction of aspecific and efficient antitumor response. The studies
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demonstrated that |L-2 induces both B7-1 mRNA and surface protein
expression in human monocytes. The studies al so reveal ed that through
processes requiring new protein synthesis, transcriptional activation of the
B7-1 genewasresponsiblefor the observed mRNA upregulation.
Noteworthy, the expression of B7-1in responseto IL-2 was associated with
an enhanced antigen presentation function by human monocytes. Finally,
activated monocytes produced significant amounts of pro-inflammatory and
inflammatory cytokinesthat might create the proper microenvironment
required to induce acompetent antitumor response. Studies are currently
underway to examine the expression of chemokines and chemokine
receptorsto evaluate the ability of activated monocytesto migrateto
regional lymph nodes and initiate theimmuneresponse. Studiesina
xenogeneic model are planned to determinethein vivo relevance of this
approach.

Thl Response Induced by Bryostatin-1 and Low DoselL-2:
Implicationsfor Cancer Immunotherapy: Bryostatin-1 (Bryo-1), apotent
ligand and modulator of PKC, has abroad antitumor activity. Our group has
reported that Bryo in combination with vincristine resulted in an increased
growth arrest and apoptosis of human B cell lymphoma compared to either
agent alone. These effects were associated with changesin the expression of
p53, bcl-2 and bax. In addition to itsdirect antitumor activity, bryostatin-1
may also inhibit tumor growth in vivo by indirect mechanismsrelated toits
ability to stimulate host immune response. Studiesto eval uate the effects of
Bryo-1 on human monocytes and lymphocytes have reveal ed that Bryo-1
inducesthe production of IL-I, IL-6, IL-8 and TNF-o. by human monocytes.
Furthermore, our studies have demonstrated that bryostatin-1 selectively
synergizeswith IL-2 in activating lymphocytes or monocytes, and this effect
seemed to be dependent on the ability of bryostatin-1 to induce the
expression of IL-2Raor IL-2Rg chains, respectively. Morerecently, our
group hasreported that a combination of Bryo-1 and low dose of IL-2
(LDIL-2) induces high levels of IFN-y expression. It wasfound that in
primary human T cellsthrough a process independent of PKC activation, a
dual mechanism involving transcription and postranscriptional levels of
regulation isresponsible for the Bryo-1 plus LDIL-2 induction of IFN-y
gene expression and protein secretion. The ability of Bryo-1 plusiL-2to
induce aTh1 phenotype might have clinical relevance. Studiesin cancer
patients and pre-clinical modelshaveindicated that T cell responsesto
tumor cellsareimpaired. Furthermore, somereports have shownthat in T
cellsfrom tumor bearing animals|FN-y productionisdeficient. Thusit has
been hypothesized that thefailureto protect against tumorsisnot dueto a
lack of animmune response, but it isthe result of the cytokine pattern
deviation which impairsthe proper development of an efficient antitumor
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response. Our studies suggest that Bryo-1 plusIL-2 may play acrucial role
in controlling the polarization of theimmuneresponseinaclinical
therapeutic setting by inducing | FN-y expression. Taking into account the
well characterized antineoplastic and immunomodul atory activity of both
Bryo-1 and IL-2, and having shown in a murine model with B16-F10
melanoma cellsthat acombination of Bryo-1 and LDIL-2 have antitumor
activity without significant toxicity, weare currently conducting aphase|
clinical trial to evaluate theimmune effectsand toxicity of thiscombination
in patientswith cancer.

Collaborators: Dr. MariaCarlaBosco, GianninaGadlini I nstitute, Genova,

Italy; Dr. Richard Childs, National Cancer Institute, NIH; Dr. Adrian
Senderowicz, National Institute of Dental and Craniofacial Research, NIH.
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human L-type calcium channel and investigated its genomic structure. In 1993-96, he worked at the
Department of Pharmacology of the University of Bern, Switzerland. He constructed a representative panel of
human calcium channel splice variants and investigated, in collaboration with Prof. H. Reuter, their
pharmacological and electrophysiological properties. In 1996 he moved to Georgetown University, Washington,
D.C., where he worked as an Assistant Professor of the Department of Pharmacology. He studied
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Professor of Georgetown University and a member of the Editorial Advisory Board of the Journal of
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investigation in molecular biology becauseit can be genetically fused to
many proteinswithout significantly affecting their functional properties.
Spectral characteristics of the enhanced cyan (ECFP) and yellow (EY FP)
variants of GFP arewel| suited for measurements of molecular
rearrangements by fluorescence resonance energy transfer (FRET). Because
FRET depends on the distance and angular orientation between the
fluorescent partners, relative change of these parameters may be measured
when the functional state of the Ca?* channel (resting, open, inactivated) is
stabilized by voltage clamp. Thisideaof differential voltage-gated FRET
was successfully implemented by combining FRET microscopy with a
patch clamp to study molecular dynamics of the human vascular L-type
C&** channel inreal time and in the live cell. The Ca?* channel o1 pore-
forming subunit was genetically fused with N-terminal EY FPand C-
terminal ECFP and the labeled channel was functionally expressed in COS1
cells. Thisrevea ed voltage-gated mobility of the cytoplasmictailsof the

Ca 1.2 channel anditsessentia regulatory roleinintracellular signaling.
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Anchoring of the C-terminal tail to the plasmamembrane caused an
inhibition of its state-dependent mobility, channel inactivation, and CREB-
mediated transcription. Release of thetail restored these functions
suggesting adirect rolefor voltage-gated mobility of the C-terminal tail in
Ca?* signaling. Futureinvestigation of the functional architecture of thisand
other ion channelsusing voltage-gated differential FRET microscopy of
variousfunctional partsand subunits may complement crystallographic
studies by providing characterization of the dynamic molecular changes
associated with distinct functional statesof ion channelsinlivecell.

Molecular Deter minant of the VVoltage-dependent I nactivation: Currents
through the Ca?* channel inactivate by fast and slow mechanisms. We
previously described the naturally occurring A752T mutation at the
cytoplasmic pore region of the human channel (Soldatov, Proc Natl Acad
Sci USA, 1992). Thismutation prevented alarge (~25%) fraction of the
current from inactivation. Incorporation of similar mutationsin the
analogous positions of the four repeats of the o c subunit completely
inhibited both Ca?*-dependent and slow inactivation. The mechanisms of
functional targeting of the outlined annular determinant of slow inactivation
by C-terminal Ca?* sensors of inactivation and regulatory $-subunit arethe
subjects of ongoing investigation using e ectrophysiology,
immunochemistry, FRET, and transgenic animal models.

Calcium Sensorsof Calcium Channdl: Thevoltage-gated L-type Ca?*
channel isinhibited by permeating Ca?* but not Ba?* ions. This Ca?*-
induced inactivation serves as an important feedback mechanismin Ca?*
signal transduction that generates great variety of cellular responses. The C-
terminal tail of the channel iscrucial for Ca?*-induced inactivation. Two C-
terminal motifs, LA and K, wereidentified. LA servesasaCa** sensor site
that binds calmodulin (CaM) at low resting free Ca?* concentration, and K
asthebinding sitefor the Ca?*-loaded CaM. A Ca**-dependent transfer of
CaM from LA to the K-motif removes CaM from the inner mouth of the
pore and thus eliminates slow inactivation by facilitating the constriction of
the pore.The mobile C-tail then shuttlesthe Ca?*/CaM complex with the K-
motif to adownstream target of the Ca?* signaling cascade, where Ca?* is
released as an activating stimulus. Apo-CaM rebindsto LA and returnsto
the pore region for anew cycle of Ca?*-signal transduction. This model
predicts strong modul ation of the Ca?* channel open probability and the C-
tail-mediated signal transduction by intracellular Ca?* rel ease because of the
inhibition of the dissociation of Ca?* from the complex of CaM with locus
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K. Inaddition, cross-linking by CaM ,, similar to that which occursinthe
pore, might have arolein regulation by the channel C-tail of downstream
targets such asryanodine receptor. Thesefactors might haveimportant
physiological implicationsfor the rel ationship between Ca?*-induced
inactivation and Ca*signal transduction in complex systems such as cardiac
muscle.

Collaborators. Darrell R. Abernethy, M.D., Ph.D., Evgeny Kobrinsky,
Ph.D., Jo Beth Harry, Ph.D., Swasti Tiwari, Ph.D., Cheng Zhang Shi,
Laboratory of Clinical Investigation, NIA; Christoph Romanin, Ph.D.,
University of Linz, Austria; Gregory Harms, Ph.D., University of
Wirtzburg, Germany; Martin Morad, Ph.D., Georgetown University,
Washington, D.C.
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Nuclear M agnetic Resonance Unit: Theinterests of the Nuclear Magnetic
Resonance (NMR) Unit are primarily inimaging (MRI) and metabolic

studies of three-dimensional cartilage grown from chondrocytesin culture
with particular emphasis on biological response modifiers, and
spectroscopic studies of cardiac and muscle metabolism under avariety of
pharmacol ogic and physiologic conditions. Methodology development in
magnetic resonance imaging and spectroscopy isal so ongoing.

A Bioreactor System for M agnetic Resonance Microimaging and
Spectroscopy of Chondrocytesand Tissue: Repair of articular cartilage
secondary to either traumatic injury or degenerativejoint disease represents
an important therapeutic challenge. In spite of significant progressin
understanding the pathogenesis of thishighly prevalent disease, thereareno
well-accepted disease-modifying interventions. The development of a
flexible and reliable MRI-compatibl e cartilage hollow fiber bioreactor
(HFBR) system for neocartilage growth hasthe potential to contributeto
therapeutic approaches. First, conditions promoting the devel opment of
high-quality cartilage from cells can be studied intensively in such asystem,
which providesfull control over exposure of the devel oping neocartilageto
growth factors, substrate composition, dissolved O, and CO,
concentrations, temperature, and other environmental factors. Whilein situ
development of cartilage from cells, including both chondrocytes and,
potentially, bone marrow stromal cells, in an organismwill differin
important ways from the bioreactor conditions, in vitro studieswill be able
to point the way to appropriate conditionsfor development of functioning
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neocartilage from cells. Second, growth of high-quality cartilagein the
bioreactor may resultin asource of tissuefor actua transplantation. Finally,
and most generally, regardless of the specifics of eventual cartilagerepair
and regeneration procedures, the ability to monitor tissue quality will be of
clear importance. While arthroscopic biopsies provide such data, permitting
assessment of the biochemical and histologic state of thetissue, itisclearly
more desirableto utilize noninvasive assessment methods. MRI isbecoming
increasingly accepted asanoninvasivetool for the measurement of cartilage
thickness and volume and of localized pathology whilethe ability of MRI to
noninvasively assess cartilage quality iscurrently atopic of active research.
Theavailability of ahighly controllable system for generating cartilage with
widely varying propertiesin asystem permitting detailed MRI assessment
would represent aclear advancein thiseffort. Finally, we note that the MRI-
compatible bioreactor providesaflexibletest-bed for current and future
therapeutic agentsand interventions. In summary, asacellular system, the
HFBR shareswith other 3D culture systemsthe ability to support the
hyaline cartilage type. Thus, one can evaluate the effect of growth
conditions and therapeutics on hyaline cartilage tissue rather than
fibrocartilage. Asatissue system, the HFBR permitstrue macroscopic
growth. Thus, cell-matrix interactions and the effects of the matrix barrier to
substrate delivery and metabolic product efflux are represented much more
realistically than in monolayer systems. Finally, asatest bed for growth
conditions and agents, the HFBR providesfull control of substrate and
perfusion conditions.

We have successfully demonstrated that cartilage grown from chick sternal
cellsinthe HFBR will develop and maintain the hyaline phenotype; that
morphol ogic measurementswith MRI correl ate with tissue histology; and
that MRI measurementsof local T1, T2, diffusionand MT correlate with
biochemical assays of collagen, proteoglycansand hydration. Thus,
noninvasive MRI measures providereliableinformation about cartilage
matrix composition. We have further demonstrated that cartilage growthin
the HFBR can be modified by introduction of biologically active
compounds, and that the correlations between MRI-derived parametersand
biochemical results noted above are maintained in spite of the greater
dynamic range of tissue characteristicsresulting from theseinterventions.
We have also utilized 31P NMR measurements of pH, inorganic phosphate
(P) and ATPto demonstrate that the devel oping cartilagein the bioreactor
remains metabolically stable over thetypical 4 week growth period. A major
focus of our work has, in addition, been to demonstrate that MRI
measurements of matrix fixed density correl ate with measurements of
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dynamic and equilibrium compressive moduli. The MRI-derived FCD
values correlate with S-GAG content but not with collagen content. These
correlationswere found to persist even in tissue which has undergone
development in the presence of chondroitinase, acting as a catabolic agent
on matrix proteoglycans. Noninvasive MRI evaluation of FCD therefore has
been shown to providereliableinformation about cartilage matrix
composition under the dynamic conditions of the HFBR in both control
tissue and in tissue which has undergone degeneration analogous to that
seenin osteoarthritis.

Collaborators: Shari M. Ling, M.D., Clinical Research Branch, NIA;
Edward Lakatta, M.D., Laboratory of Cardiovascular Science, NIA; Nancy
P. Camacho, Ph.D., Hospital for Special Surgery, New Y ork; Peter Torzilli,
Ph.D., Hospital for Special Surgery, New Y ork; Walter Horton, Ph.D.,
Northeast Ohio University College of Medicine.
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The Laboratory of Epidemiology, Demography, and Biometry (LEDB)
conducts research on aging and age-associated diseases and conditions
using popul ation-based epidemiol ogic and biometric methods. Laboratory
staff work collaboratively both within and among four groups: the
Epidemiology and Demography Section, the Neuroepidemiology Unit, the
Geriatric Epidemiology Section, and the Biometry Section and with other
NIA and outside investigators. The mission of LEDB isto elucidate the
etiology of diseases of old age by combining epidemiologic datawith
information from other disciplines; evaluate the consistency of

epidemiol ogic datawith etiologic hypotheses devel oped either clinically or
experimentally; and to provide the basisfor devel oping and evaluating
preventive procedures and public health practices. These general principles
have guided aresearch agendathat emphasizes threeimportant and
interrelated areas: Physical Function and Disability, Cognitive Function and
Dementia, and Age-associated Diseases and Conditions—including
successful or effective aging. In each area, studies areinfluenced by results
of analytic effortsof current LEDB-sponsored studies and by opportunities
created by advancesin biology. Cross-cutting research themes being
addressed by morethan one LEDB investigator are: Comorbidity/
Coimpairment, Genetic Epidemiology, | nflammation, Socioeconomic Status
and Health, Diabetes/M etabolism, and Energy Balance-Physical Activity/
Obesity. The Epidemiology and Demography Section plans and conducts
studies on chronic diseases, functional statusand disability inthe older
population. The Neuroepidemiology Unit conductsinterdisciplinary
research on the association of genetic, molecular, and behavioral factorsin
relation to brain diseasein old age. The Geriatric Epidemiology Section
carriesout interdisciplinary studies of the association of molecular and
geneticrisk factorswith health outcomesin old age, including discrete
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diseases, disability and mortality. The Biometry Section (Section Chief’s
positioniscurrently vacant) conductsresearch in the mathematical,
statistical and numerical aspects of aging and health. This Section provides
statistical consulting, computing, graphics, and datamanagement servicesto
the other unitswithin LEDB. Senior LEDB staff consult with other
componentswithinthe IRP, NIA, other NIH Institutes, other government
agencies, and the private sector. LEDB research interests use datafrom the
Established Populationsfor Epidemiologic Studies of the Elderly (EPESE);
the Women’' sHealth and Aging Study (WHAYS); the Honolulu-AsiaAging
Study (HAAYS); the Health, Aging and Body Composition (Health ABC)
Study; Age, Gene/Environment Susceptibility (AGES) Study Reykjavik,
|celand; the MacArthur Studies of Successful Aging; the InChianti Study;
and anew study of the effects of vascular factors on cognitivefunctionin
the Action to Control Cardiovascular Risk in Diabetes (ACCORD-MIND),
aswell asother epidemiologic studies.
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Richard J. Havlik, M.D., M.P.H., Senior Investigator
Chief, Laboratory of Epidemiology, Demography, and Biometry

Gateway Building, Room 3C309
7201 Wisconsin Avenue
Bethesda, MD 20892-9205
Phone 301-496-6048

Fax 301-496-4006

E mail havlikr@nia.nih.gov

Biography: Dr. Havlik received his master’s degree in public health from The Johns
Hopkins University, and his medical degree and training in internal medicine from

“ Northwestern University Medical School. He first came to NIH as a research
associate in the Epidemiology Branch, NHLBI. In 1980 he was appointed chief of NHLBI's clinical and genetic
epidemiology section in the Epidemiology and Biometry Program. Prior to his NIA appointment in 1990, as
NIA associate director, Dr. Havlik served as special assistant for biomedical applications at the National
Center for Health Statistics, Centers for Disease Control. In the Laboratory of Epidemiology, Demography, and
Biometry, he directs epidemiologic studies that look at aging processes and the onset of disease. In
cooperation with other research groups, he develops projects to obtain data related to cancer, dementia, heart
disease, and other major diseases of older persons.

Keywords: L ongevity: Gaining abetter understanding of the factorsinfluencing
epidemiology longevity isaresearch challenge. In particular, the assessment of the impact
chronic diseases of chronic diseasesversusthe effects of aging processes has been difficult.
hypertension Investigative opportunitiesto address these questions exist in anumber of
ey LEDB studiesincluding Health ABC, HAAS, and AGES Study Reykjavik,
vascular stiffness Iceland. A unique opportunity to assessthelife-course eventsinfamilies

and possiblerelationshipswith longevity presented itself in Trieste, Italy.

Recent Publications: Thecity hasacomprehensive vital statistics system aswell asaunique

Havlik R, et al. J Aging health care system, where a high proportion of deaths are autopsied.
Phys Act 2003; 11: 156- Previousreportsfrom other popul ations have suggested that siblings of
166. long-lived persons survivelonger than expected, but the mechanismis
Havlik R, et al. Am J unclear. We assessed whether survival and causes of death in siblings of

Cardiol 2001; 87: 104-107.  personsdying at ages 95 yearsand older differed from those among siblings
Sutton-Tyrrell K, et al. of individualswho died between 65 and 75 years of age, although being
Hypertension 2001; 38: born at about the sametime early in the century. Siblings of thelong-lived
429-433. showed a1.8- and a3.2 fold increase in the probability of reaching ages 85-
89 and 90-94, respectively, whilefor younger agesthe difference between
the two groupswas not different. Interestingly, about a2-fold excess of
dying of perinatal conditionswasfound among siblings of the short lived.
Thisresult was mainly dueto anincreased risk of dying of prematurity. This
increaseinrisk may be an early indicator of genetic and/or environmental
factorsaffecting longevity. Thisfinding requires confirmation, so additional
familiesare being collected. In addition, possible mechanistic studies
involving thereview of stored pathol ogical material aswell asthe
assessment of possible candidate genesinfamiliesare being considered.
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Vascular Stiffnessand Physical Activity: Cardiovascular disease provides
an exampleof the possibilitiesof collaborative research whereindividuals
with similar interests but different types of expertise can cometogether to
initiate and compl ete studies. Asan example, the Laboratory of
Cardiovascular Science has devel oped an indirect measure of vascular
stiffnesscalled Aortic Pulse Wave Vel ocity (APWV). Thismeasurement had
been used in the Baltimore Longitudinal Study of Aging and some
correlates, such assystolic blood pressure and physical activity, were
identified. The measurement of APWV wasinitiated inthe Health ABC
Study in order to test some of the previously identified correlatesand to
identify new ones. For exampl e, an association between visceral fat and
APWV hasbeenidentified. Moderate or greater physical activity, exercise,
and fitness variableswereindependently associated with lessvascul ar
stiffness, even after inclusion of other correlatesof APWV. Physica
activity’ sassociation with APWV was particularly strong when levels of
physical activity were quitelow, suggesting that aminimal amount of
activity might be sufficient to reduce arterial stiffnessin older adults.
Another opportunity for population level assessment of this method
occurred with theinception of the Activity Counseling Trial (ACT) by the
National Heart, Lung, and Blood Institute. Thiswas arandomized
interventiontrial of various educational strategiesto boost physical activity
over a2-year period. The recommendation of adding the APWV
measurement to ACT has provided an opportunity to investigate cross-
sectional relationshipsaswell asthe effects of initiated exercise on vascular
stiffness. Aninverserelationship between high density lipoprotein
cholesterol and APWV wasidentified at baseline. After 2 years, thevarious
treatment arms did not have asignificant effect on APWV. However, ina
secondary analysisincreased walking timeover 2 yearswas predictive of
reduced vascular stiffness. Women showed more of an effect than men.
Modest physical activity may have abeneficial effect onlarge vessel
structure, consistent with other outcome studies. Additional analysesare
planned to address anumber of unanswered questions, including
quantification of risk from vascular stiffness, reasonsfor male-female
differences, and effects of varying levelsof physical activity.

Genetic Epidemiology: During thelast few years, the potential of using
unigue popul ationsto generate information on associ ationswith candidate
genesaswell asfor gene-searching activities has become quite evident. The
Hawaii Family Diabetes Study (HFDYS) utilized thefamily structurefound
intheHAAS. A number of siblings have been part of the HAAS cohort,
and asubset of the siblings manifested considerable evidence of glucose
dysregulation. On thisbasis, asupplement to HAAS was devel oped to
investigate this aspect further. The objective of the study wasto evaluate
candidate regionsfor potential replication of previousresults suggestive of
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linkage at specific sitesin Japanese Americans. The dataincluded 529
siblingsfrom 175 families, and diabetes or impaired glucose homeostasis
was used as the phenotype for the analysis. Evidence of decreased
proportion of sharing 2 alleles by siblings was observed at the previously
identified marker D14S297 in 107 discordant sib-pairs. A test of association
for thismarker was also significant. The results suggest additional support
for the hypothesisthat a susceptibility genefor Type 2 diabetesmay reside
near this marker on Chromosome 14. Further analysesare being initiated to
identify apossible candidate genein thisarea. In the future therewill be
other studiesthat will havethe potential to contribute toward the
understanding of genetic influences on, and genetic-environmental
interaction with, age-associated diseases and conditions. Besidesthe LEDB-
sponsored AGES Study Reykjavik, Iceland, LEDB is collaborating with
laboratories at the GRC to implement agene-searching study in Sardinia.

Collaborators. Dr. Edward L akatta, L aboratory of Cardiovascular Science,
NIA; Dr. Dennis Taub, Laboratory of Immunology, NIA; Dr. David
Schlessinger, Laboratory of Genetics, NIA; Dr. Josephine Egan, L aboratory
of Clinical Investigation, NIA; Dr. John Hardy; Laboratory of
Neurogenetics, NIA, Dr. Andrew Singleton, Laboratory of Neurogenetics,
NIA; Dr. llijaKovac, National Human Genome Research Institute, NIH;
Dr. Alexander Wilson, National Human Genome Research Institute, NIH;
Dr. Kamal Masaki, University of Hawaii; Dr. Beatriz Rodriguez, University
of Hawaii; Dr. Giorgio Stanta, University of Trieste; and Dr. Kim Sutton-
Tyrrell, University of Pittsburgh.
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Jack M. Guralnik, M.D., Ph.D., Senior Investigator
Chief, Epidemiology and Demography Section

Gateway Building, Room 3C309
7201 Wisconsin Avenue
Bethesda, MD 20892-9205
Phone 301-496-6475

Fax 301-496-4006

E mail jg48s@nih.gov

Biography: Dr. Guralnik received his M.D. from Jefferson Medical College in
Philadelphia and his M.P.H. and Ph.D. from the School of Public Health, University of

California, Berkeley. He practiced as a primary care and public health physician prior to his Ph.D. training. He
is Board Certified in Public Health and General Preventive Medicine. Before coming to NIH he did research on
predictors of healthy aging in the Human Population Laboratory Alameda County Study in Berkeley, California.
He has been in the Laboratory of Epidemiology, Demography, and Biometry at the National Institute on Aging
since 1985 and has been the Chief of the Epidemiology and Demography Section since 1991.

Keywords:
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chronic diseases
disability
functional status

Recent Publications:

Lunney J, et al. JAMA
2003; 289: 2387-2392.

Volpato S, et al. Diabetes
Care 2003; 26: 70-75.

Rantanen T, etal. JAm
Geriatr Soc 2003; 51: 636-
641.

Lamb S, et al. Stroke 2003;

34: 494-501.

The Epidemiology and Demography Section plans and conducts
epidemiol ogic studiesof therisk factorsfor specific chronic diseases
important in aging and pursues research on the consequences of disease,
especially the effects of chronic disease on functional limitations, disability,
and the ability to remain independent in the community. Assessing theroles
of behavioral, psychosocial, and demographic risk factorsinthe
development of disease and disability isalso animportant areaof research.
Particular attention has been focused on the devel opment of mobility
disability and how factors such as strength and balance, exercise, and
measures of physical performance predict theloss of walking ability.
Research interests have been pursued using datafrom the Established
Populationsfor Epidemiol ogic Studies of the Elderly (EPESE), the
Women’ sHealth and Aging Study (WHAS), the Honolulu-AsiaAging
Study and the InChianti Study.

Physical Activity and Exer cise: A major research interest hasbeenin
examining theimpact of physical activity and exercise on disability and
other health outcomesin older people. Past work demonstrated the risk of
incident disability related to sedentary lifestyle. Recent work using EPESE
datahas shown that activelife expectancy, the number of years expected to
belived without disability, isstrongly influenced by physical activity. We
have also recently demonstrated that an activelifestyleisassociated with
both living to advanced old age and with dying with no major disability in
thelast year of life. Datafrom the WHA'S have shown that many women
with difficulty walking continueto walk for exercise while nearly half of the
women without difficulty don’t walk at al for exercise. The amount of
walking for exercise done by older women is strongly influenced by their
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level of disease and disability, but many psychosocial variablesalso
influence the amount of walking these women do. Recent findingsindicate
that even very modest amounts of walking are associated with lower rates of
disability onset. A randomized clinical trial evaluating theimpact of exercise
in preventing disability in non-disabled but at-risk older personsisnow
being planned.

Assessment M ethods: A number of research activitiesaredirected at
improving our ability to evaluate older personsin epidemiologic studies,
including objective measures of physical performance, measures of exercise
tolerance, and measures of muscle mass. Previous research that
demonstrated that performance measures of functioning predict incident
disability in previously non-disabled subjects hasbeen replicated in severa
EPESE sites. Predictive equations devel oped from thiswork giverisk
estimatesfor disability onset so that sample size calculationsfor clinical
trialsof disability prevention may be made. Recently, atraining CD-ROM
was produced to instruct physicians and investigatorsin the standardized
battery that has been extensively studied in the EPESE study, the Women's
Health and Aging Study, and others. This battery, known asthe Short
Physical Performance Battery (SPPB) has now been evaluated in the
outpatient clinical setting and found to be feasible to administer and highly
predictive of adverse clinical events. Research into the use of the SPPB in
the hospital setting isnow being planned.

The Pathway from Diseaseto Disability: Animportant and ongoing area
of research has been to devel op an understanding of how the consequences
of chronic diseases and the physiol ogic changes associated with aging cause
important lossesin functional statusand affect the ability to remain
independent in the community. A large amount of data collected inthe
WHA S and other studies providesthe basisfor empirical study of the steps
inthe causal chain of eventsinthispathway. A large research effort has
goneinto understanding muscle strength in older people and how it relates
to functional limitations, disability and other outcomes. Theimpact on
progression through the pathway of both specific conditionsand co-
occurring multiple conditions (co-morbidity) hasbeen along-standing area
of emphasisin our research. A large effort hasgoneinto identifying
biochemical markersof subclinical diseasesand frailty that are strongly
prognostic of mortality and other adverse outcomes. Our previouswork
demonstrated increased risk of mortality associated with low serum albumin
level and also agraded risk of mortality acrossthe full spectrum of serum
albumin values. Recent research assessed the impai rments and functional
limitationsthat result from diabetes and affect the stepsin the pathway from
diabetesto disability.

Laboratory of Epidemiology, Demography, and Biometry



Health Disparities: Wehave had along-standing interest in the impact of
socia classon health and have demonstrated that educational statusand
income are powerful predictors of disability onset and mortality. We have
also shown that active, or disability-free, life expectancy isconsiderably
longer in persons with higher levels of education. Racealso playsarolein
the health of older personsalthough itsinfluence, after adjustment for
education and income, has not been consistently demonstrated. Research
has also beeninitiated on theimpact of neighborhood characteristicson
health outcomes. Recent work using datafrom the British 1946 cohort study
has been eval uating the relationship of early life markers of low income and
education and how they relate to functional statusin middle age.

Psychological Factorsand Health: Theinfluence of psychologic factors,
particularly depression, in disease and disability outcomes continuesto bea
major topic of research. The 6-year longitudinal EPESE datapermitted a
classification of participantswith depression into those who at follow-up 6
had new onset depression and those with chronic depression. Subsequent
risk of cancer and heart disease was different for people with these
categoriesof depression, with chronic depression being arisk factor for
cancer and new onset depression in men being arisk factor for coronary
heart disease. Theimportance of psychological factorsand personality is
also being explored in disabled womeninthe WHAS. We haveidentified a
subset of the WHA'S participantswho have emotional vitality, defined on
the basi s of assessments of depression, happiness, personal mastery, and
anxiety. We demonstrated that, even after adjustment for anumber of
indicators of disease and disability status, emotional vitality isprotective of
functional decline over a3-year follow-up period.

Pain: Painisavery common symptom in older persons and itsimpact on
quality of lifeand disability hasreceived insufficient study. Using extensive
datain the WHAS on multiple pain siteswe have begun to evaluate the
extent of pain, the associations of pain with functioning, and the use of
analgesicstotreat pain.

Collaborators: Dr. Luigi Ferrucci, Longitudina Studies Section, Clinical
Research Branch, NIA; Drs. Linda Fried, Judy Kasper, Karen Bandeen-
Roche, JohnsHopkinsMedical Institutions; Dr. Mary McDermott,
Northwestern University School of Medicine; Drs. Marco Pahor, Brenda
Penninx, Graziano Onder, Wake Forest University School of Medicine;
Dr. Ann Shumway-Cook, University of Washington, Seattle; Drs. David
Reuben and Teresa Seeman, University of California, Los Angeles,

Dr. Stephanie Studenski, University of Pittsburgh; Drs. David Curb and
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Kamal Masaki, University of Hawaii; Dr. Suzanne Leveille, Research and
Training Institute of the Hebrew Rehabilitation Center for Aged and
Harvard Medical School; Dr. Jiska Cohen-Mansfield, Hebrew Homefor the
Aged, and George Washington University School of Medicine; Dr. Stephen
Sayers, University of Missouri; Dr. Meredith Minkler, University of
California, Berkeley; Dr. Dorit Carmelli, Stanford Research Institute;

Dr. Chiara Corti, University of Padua, Padua, Italy; Drs. Howard Bergman
and FrancoisBeland, McGill University, Montreal, Canada; Dr. David
Melzer, University of Cambridge, Cambridge, England; Professor Sir
Michael Marmot, University College, London, England; Dr. SallieLamb,
Oxford University, England; Dr. MarjaJylha, University of Tampere,
Finland; Dr. TainaRantanen, University of Jyvaskyl4, Finland.
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Tamara B. Harris, M.D., M.S., Senior Investigator
Chief, Geriatric Epidemiology Section

Gateway Building, Room 3C309
7201 Wisconsin Avenue
Bethesda, MD 20892-9205
Phone 301-496-6044

Fax 301-496-4006

E mail harrista@nia.nih.gov

Biography: Dr. Harris received her M.D. degree from Albert Einstein College of
Medicine, New York, New York in 1978. She trained in internal medicine at Montefiore

Hospital, Bronx, New York and in geriatric medicine at Harvard University, Division on Aging, where she was
a Kaiser Fellow in Geriatric Medicine. She obtained a M.S. in Epidemiology from Harvard School of Public
Health and also has a M.S. in Human Nutrition from Columbia University College of Physician’s and
Surgeons. From Harvard, she joined the Office of Analysis and Epidemiology at the National Center for
Health Statistics. Dr. Harris moved to the National Institute on Aging in 1991, where she is Chief of the
Geriatric Epidemiology Section. Dr. Harris has developed the Geriatric Epidemiology Section to cover a broad
range of topics ranging from molecular and genetic epidemiology and body composition to health disparities.
The goal of this research is to identify new risk factors for disease and disability amenable to intervention.

Keywords:

molecular and genetic
epidemiology
bioimaging

chronic disease
aging

Recent Publications:
de Rekeneire N, et al.
Diabetes Care 2003;
26(7): 1986-1992.

Tylavsky FA, etal. AmJ

Clin Nutr 2003; 77(2): 356-

363.

Visser M, et al. Pediatrics
2001; 107: E13-E16.

Harris TB, et al. Ann NY
Acad Sci 2000; 904: 462-
473.

Theroleof theGeriatric Epidemiology Section isto integrate molecular
and genetic epidemiology with interdisciplinary studiesof functional
outcomes, disease endpointsand mortality in older persons. Thisincludes
identification of novel risk factorsand design of studiesinvolving
biomarkers, selected polymorphismsand exploration of gene/environment
interactions. The Section has been particularly activein devising methodsto
integrate promising molecular or imaging techniquesin waysthat beginto
explorethe physiology underlying epidemiol ogic associationsincluding
adaptation of imaging protocolsto epidemiol ogic studies. Themajor areas
of researchinclude:

Health Studiesin Relation to Weight and Body Composition: Despite
thefact that overweight iswell-accepted asarisk factor for disease,
disability and death in younger populations, there remains controversy about
the optimal level of weight in old age. Thisisfurther complicated by age-
associated changesin body fat, bone and muscle and questions regarding
the contribution of sarcopenia, or age-related muscleloss, to declinesin
aerobic capacity and function with age. The Geriatric Epidemiology Section
initiated the Health, Aging and Body Composition Study (Health ABC) in
1996 to investigate these questions. The major study objectiveisto examine
whether changein body composition, particularly loss of muscle, represents
acommon pathway by which multiple conditions contributeto disability.
Sincelittle was known about sarcopeniain an unselected population, the
Health ABC population was selected aswell-functioning and rel atively
health-stable, but at high risk of health transitions secondary to age, raceand

Laboratory of Epidemiology, Demography, and Biometry
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gender characteristics. The Health ABC cohort consists of 3,075 black and
white men and women aged 70-79 (46 percent of the women and 37
percent of the men enrolled are black) who initially reported no difficulty
walking at least 1/4 mileand or up aflight of stairs. The major study
outcomeisreport of new limitation in walking 1/4 mile or up stairs,
complemented by assessment of performance on a400-meter walk,
quadriceps strength, and other objective functional tests. Morbidity and
mortality are al so assessed.

The study was designed around the hypothesis that factors affecting body
composition and loss of musclewould be consistent acrossall four race/sex
groups and that factorsin three key areaswould modulate loss of muscle
including: metabolic dysregulation, particularly inflammeation or genetic
factors; episodes of acuteillness; and patterns of changein physical activity.
A battery of detailed physiologic measurementsand questionnaire material
was devel oped to follow change over the 7-year period of examinationsthat
ispart of the study and that coversaperiod of rapid health transitions. All
critical measureswill be repeated during thistime (see website:
www.nih.gov/nialresearch/intramural/edb/heal thabc). We have established a
large repository of specimensand continue to seek innovativeideasand
collaboratorsfor the use of these samples.

Oneimportant finding from this study isthe characterization of the extent of
fatty infiltration into muscle and the metabolic and functional correlates. The
Geriatric Epidemiology Section hasorganized aseries of studiesto
investigate thisfinding in more detail including collaborating with
investigatorswho havealargelibrary of full-body MRI scansto assessfatty
infiltration by age, raceand level of physical activity and molecular studies
of muscleand fat tissuefrom several locationsin the body.

The Geriatric Epidemiology Section also hasan ancillary study inthe
OsteoarthritisInitiative to investigate the rel ationship of muscle massinthe
leg, strength, and theimportance of fatty infiltration into musclein
relationship to incidence and progression of knee osteoarthritis. This
involvesameasure of quadriceps and hamstrings strength aswell asa
protocol for imaging of the muscles of the leg with aquantitati ve assessment
of musclelipid.

Causesand Consequences of Inflammation in Diseases of Old Age:
Thefocus of effortsin the Geriatric Epidemiology Section hasbeen on the
contribution of chronic low-level inflammation to health outcomes apart
from cardiovascular disease, and to understanding what conditionsand
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behaviors appear to belinked to low-level inflammation. A number of data
sets have been used to exploretherelationship of chronic low-level
inflammation with health risksin old age. These effortshaveinvolved

studies of mortality, disability, cardiovascular disease, diabetesand glucose
metabolism, smoking and pulmonary function, cognition, and weight and
fat distribution. Visceral fat has been identified asthe fat depot most
consistently associated with higher levelsof cytokines; however, fat
infiltrating into muscle also appearsto be associated with higher cytokines
aswell. Thereison-going analysis of these datato assess whether the poor
health outcomes associated with elevated cytokinesis dueto direct effects of
elevated cytokines or whether the el evated cytokines represent severity of
the underlying condition and the condition ultimately isresponsiblefor the
increased health risk.

Assessing the Genetic Contribution to Diseasesof Old Age: The
Geriatric Epidemiology Sectioninitiated and works collaboratively with the
Neuroepidemiology Section onthe Age, Gene/Environment Susceptibility
(AGES) Study. Thisstudy, established collaboratively with the lcelandic
Heart Association, consists of afollow-up examination of an established
cohort of about 12,000 peoplein the birth cohorts of 1907-1935 previously
examined inthe Reykjavik Study. The AGES Study goalsinclude:
identification of genetic and other new risk factorsfor selected diseasesand
conditionsincluding: atherosclerosis, cognitiveimpairment, dementiaand
subtypes(i.e. Alzheimer’ sdisease), stroke, sarcopenia, obesity, 0steoporos's,
diabetes, and osteoarthritis; characterization of phenotypesfor these diseases
and conditionsto study them in relation to genetic susceptibility, gene
function and genetic/environmental contributionsto disease; and
identification of contributory molecular markers associated with these
conditionsincluding markersof cellular maintenance and repair, markers of
oxidative stress, and immunol ogic and endocrineindicators.

The Geriatric Epidemiology Section hasalso carried out studies of selected
polymaorphisms pertinent to inflammation and body composition measures
in nested case-control studiesin the Health ABC Study and in other datasets
developed for this purpose. Efforts have been made to broaden the
application of emerging techniquesfor genomic and proteomic studiesto
popul ations by devel opment of new methodsin collaboration with
laboratory-based investigators.

Collaborators: Lenore Launer, Ph.D., M.P.H, Neuroepidemiology Unit,
NIA; Dennis Taub, Ph.D., Laboratory of Immunology, NIA; Eleanor
Simonsick, Ph.D., Laboratory of Clinical Investigation, NIA; Luigi
Ferrucci, M.D., Ph.D., Longitudina Studies Section, Clinical Research
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Branch, NIA; GayleLester, Ph.D., Project Director, OAI, National Institute
of Arthritisand Muscul oskeletal and Skin Diseases, NIH; Anne Newman,
M.D.,M.P.H., LewisKuller, M.D., Dr.P.H., Jane Cauley, Ph.D., Bret
Goodpaster, Ph.D., University of Pittsburgh; Stephan Kritchevsky, Ph.D.,
Fran Tylavsky, Ph.D., Ron Shorr, M.D., University of Tennessee,
Memphis; Steven Cummings, M.D., M.P.H., Michael Nevitt, Ph.D., Susan
Rubin, M.S., Susan Averbach, M.S., Emily Kenyon, Ph.D., Thomas Lang,
Ph.D., Thomas Fuerst, Ph.D., Charles Peterfy, M.D., University of
California, San Francisco; Russall Tracy, Ph.D., University of Vermont;
Marjolein Visser, Ph.D., Free University, Amsterdam, Netherlands; Stefania
Maggi, M.D., M.P.H., University of Padua, Padua, Italy; Mauro Zamboni,
M.D., University of Verona, Verona, Italy; Dennis Taaffe, Ph.D., University
of Brisbane, Australia; DympnaGallagher, Ph.D., ColumbiaUniversity
College of Physiciansand Surgeons, New Y ork, New Y ork; Helaine
Resnick, Ph.D., Washington Hospital Center, Washington, D.C.; John
Robbins, M.D., University of California, Davis; TeresaSeeman, Ph.D.,
David Reuben, M.D., University of California, Los Angeles, Harvey
Cohen, M.D., Duke University; Vilmundur Gudnason, M.D., Ph.D., Palmi
Jonsson, M.D., Gudmundur Thorgeirsson, M.D., Ph.D., Gunnar
Sigurdsson, M.D., Ph.D., University of Iceland and Icelandic Heart
Association.
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Recent Publications:

Foley D, et al. Neurology
2003; 60: 709-711.

Lunny J, et al. JAMA 2003;
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Foley D, et al. Sleep 2003;
26: 596-599.

Survival Analysisand M odeling: Recent work inlongitudinal data
anaysisinvolves development and application of Cox proportional hazards
modelsto study risk factorsfor onset of Alzheimer’ sdisease (AD) and other
dementiasin the Honolulu-Asia Aging Study of dementia. Rarely isthedate
of onset for AD or other forms of dementiain epidemiological studieswell
established and availablefor the study of incidence and relativerisks. Using
the recommendations of several published paperswe developed a
standardized approach for establishing adate of onset for incident cases of
dementiain the Honolulu-AsiaAging Study (HAAS) to investigate risk
factorswith Cox proportional hazards models. Inthismodel, adate of onset
isassumed to be the midpoint between two HAAS examinationsin which a
participant isfree of dementiain the earlier examination and then receivesa
diagnosisin the subsequent examination. Participants without a subsequent
examination dueto death or to refusal are excluded from the analyses
because the course of their cognitive statusis unknown. Use of this Cox
proportional hazard model hasfacilitated analyses of datafromthemidlife
examinations which were gathered between 1965 and1975 on the HAAS
cohort membersas part of their prior recruitment into the Honolulu Heart
Program to study cardiovascular disease beginning in 1965 among 8,006
Japanese-American men born 1900 to 1919.

Prevalence and Consequences of Slegp-Disordered Breathing and
Other Sleep Disorders: For more than adecade, the epidemiological
importance of obstructive sleep apneaand other forms of sleep-disordered
breathing have gained attention asrisk factorsfor cardiovascul ar disease and
other adverse clinical endpointsincluding neuropsychol ogical deficits. The
estimation of the prevalence of slegp-disordered breathing, andin particular
obstructive sleep apneabased on epidemiol ogical studies, hasbeen limited
by small sample sizesdueto the cost of overnight polysomnography ina
sleep laboratory for diagnosis. Consequently, amajor initiative to develop
portable polysomnography for unattended overnight sleep recordingsina
person’ shomefacilitated the launch of thelarge multi-centered Sleep Heart
Health Study (SHHS) to assess cardiovascular consequences of sleep-
disordered breathing among adults aged 40 years and older. The SHHS also
provided support for use of the portable polysomnography inthe HAAS.
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Between 1999 and 2000, atotal of 718 of the 1,524 surviving HAAS
cohort membersaged 79 to 97 years compl eted an overnight
polysomnography using the SHHS protocol. Thislandmark study provides
an opportunity to investigate the association between obstructive sleep
apneaand cognitive impairment in apopulation of elderly menwho are at
high risk of developing dementia.

Self-reported dataon sleep problemsin several LEDB funded studies
including the HAAS and the EPESE have provided epidemiological data
on the prevalence, correlates and consegquences of symptoms of insomnia
and for symptoms of excessive daytime sleepinessamong older adults. The
earlier descriptivefindingsled to morerecent initiativesto describethe
epidemiology of chronicinsomniain the elderly as secondary to the onset
and progression of chronic diseasesincluding heart disease, stroke, arthritis
and diabetesto name afew. Importantly, these findings highlight the need
for advancesin both cognitive-behavioral therapy and inlong-term use of
slegping pills such as zol pidem and zal eplon.

Epidemiology of Death and Dying: Each year, nearly 2 million men and
women age 65 years and older diefrom avariety of causes. Datafrom the
National Mortality Followback Surveysand the Established Populationsfor
Epidemiologic Studies of the Elderly (EPESE) provide opportunitiesto
improve knowledge about mortality trends, particularly for Alzheimer’s
diseaserelated deaths, and about dying trgjectories. Currently, AD isamong
the 10 leading causes of death among the population age 65 years and ol der.
In collaboration with lead investigatorsfrom the LEDB, Epidemiology and
Demography Section, several distinct patterns of dying trgjectorieshave
been devel oped and examined using data from the EPESE.

Aging and Driver Safety: Older drivers have the second highest driver
fatality ratein the nation whileteen drivershavethe greatest risk. Aging
often corresponds with marked decrementsin visual, cognitive and physical
functioning that can compromisedriving skills. Each year, over 600,000
elderly adults stop driving because of their health. The effects of vision
impairments and dementiaon driving skill are supported by numerous
epidemiological studiesin contrast to epidemiol ogical studiesof physical
impairmentsand driver safety. Importantly, the HAAS provides both upper
and lower extremity performance measuresfor investigating the
relationships among impairments, unsafe driving, and driving cessation.
Because unsafedriving isbased on self-reported crash histories, aninitiative
to acquire datafrom license and crash records maintained by the Hawaii
Department of Transportation isplanned for future analyses.
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Collaborators: Dr. Lenore Launer, Neuroepidemiology Unit, LEDB, NIA,;
Drs. Jack Guralnik and June Lunney, Epidemiology and Demography
Section, LEDB, NIA; Dr. Susan Redline, Division of Clinical
Epidemiology, Case Western Reserve University, Cleveland; Dr. Andrew
Monjan, Neuroscience and Neurospsychology of Aging Program, NIA;

Dr. JamesWalsh, St Luke sHospital, St. Louis; Dr. SoniaAncoli-lsrael,
University of California, San Diego; Dr. Donald Bliwise, Emory University,
Atlanta; Dr. Maurice Ohayon, Stanford University; Dr. Michael Vitielo,
University of Washington; Drs. Lon White and Kamal Masaki, Pacific
Health Research Institute, Honolulu; Drs. John Eberhard and Jesse Bl att,
National Highway Traffic Safety Administration.
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Neuroepidemiology Unit

Gateway Building, Room 3C309
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E mail launerl@nia.nih.gov

Biography: Dr. Launer received her Ph.D. in epidemiology and nutrition from Cornell
University. From 1990 to 1999 she held academic appointments in the Netherlands

(Erasmus University Medical School, Free University, National Institute for Public Health) where she
collaborated in many epidemiologic studies of neurologic diseases including dementia and migraine
headache. Dr. Launer joined NIA as Head of the Neuroepidemiology Unit in February 1999.
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Studiesin the Neur oepidemiology Unit focus on understanding the
contribution of genetic, inflammatory, metabolic, vascular, and hormonal
factorsto sub-clinical and clinical outcomesin brain diseaseand
investigating the links between brain disease and other common diseases of
old age. Research is conducted using large epidemiologic studies, which
allow ustotest inthe general population, hypotheses on risk/protective
factors and mechanismsidentified at amore basic sciencelevel.

Vascular Factorsand AD: Main research interests have focused on the
roleof vascular factorsin brain disease. Genetic epidemiol ogic studies
suggest the known mutationsin amyloid processing, tau genes and alpha
synucleins hypothesized to play arolein neurodegenerative processes, do
not explain the great majority of dementiacasesin the general population.
Thesedementiasarelikely theresult of an interaction between
environmental factorsand multiple genesthat make small contributionsto
processes | eading to neurodegeneration. The contribution of modifiable and
genetic vascular factorsto these dementiasisnot known. Vascular factors
can contribute to neurodegeneration or lead to co-morbidity that increases
the severity of dementia. Vascular factors may influence different stages of
the dementing process. To thisend, several studies have been conducted to
examinetherelation of vascular factorsto different anatomical and
functional markersof brain diseaseincluding: memory and executive
domains of cognitivefunction; MRI measures of white matter lesions, (sub)-
clinical stroke and regional (lobar and hippocampal) brain atrophy; clinical
dementiaand sub-types (AD and vascular dementia); and neuropathol ogic
markersof AD. Studiesare published or in progressto examine blood
pressure, diabetes, smoking and lipids. The Honolulu AsiaAging Study
(HAAYS) has provided the basis for much of the research conducted on

Laboratory of Epidemiology, Demography, and Biometry


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99417675&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99417675&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20191746&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20381348&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20381348&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99417675&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99417675&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99030266&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99030266&dopt=Citation

vascular factors and dementia. The HAASis aprospective popul ation-
based study of Japanese American men that wasinitiated in 1965 asapart
of the Honolulu Heart Program (HHP). The original cohort consisted of
8,006 Japanese-American men living on Oahu and born 1900 through
1919. When the HAAS wasiinitiated in 1991-1993, there were 4,426
survivors, and 3,734 (80 percent) compl eted the total examination.

Metabolic Risk Factorsfor Dementia: Steroidal hormonesare

hypothesi zed to modul ate (improve) cognitive and affective behavior. There
arefew population-based studies of the association of steroidal hormonesto
these behaviors and they are mainly on women. Werecently investigated the
association of length of reproductive years (asameasure of exposureto
endogeneous estrogen) and therisk for incident dementiainalarge
population-based cohort of women. Wefound, contrary to expectation, that
alonger reproductive period was associ ated with an increased risk for
incident dementia. Thisraises questions about the role of endogenous
steroidal hormones. Investigationsinto the association of steroidal hormones
and incident cognitive impairment and dementiaare underway inthe HAAS
Japanese-American men.

Asafurther test of the hypothesisthat vascular risk factors may contribute
to brain diseasein old age, we have initiated a sub-study to the NHLBI
randomized ACCORD (Action to Control Cardiovascular Risk in Diabetes)
Trial. Thistria includesalarge sample of type 2 diabetics over 55 years of
age. Itisdesigned to comparethe effects on cardiovascul ar disease of
standard versusintensive treatment of risk factorsin diabetics. Thetria
design alowsusto comparethe effects of standard versusintensive
treatment of hyperglycemia, hypertension, and dydlipidemiaon cognitive
function and brain structure as measured by magnetic resonance imaging.

Genetic Epidemiology of AD: Alzheimer’ sdiseaseisacomplex genetic
disease meaning many genes contribute each with asmall contribution.
Studiesarein progressto identify accurate phenotypesto let us better
identify genesthat regulate pathol ogy in the pathways|eading to dementia.
We are a so investigating the association of identified candidate genesand
therisk for AD. Thisresearch isconducted in the context of the HAAS
study and the newly initiated Age, Gene/Environment Susceptibility
(AGES) study, whichisconducted together with the Geriatric
Epidemiology Section and in collaboration with the I celandic Heart
Association (IHA). The AGES examination is based on awell-defined
cohort of 12,000 persons born between 1907-1935 that was established in
1967 by the IHA and followed by them as apart of the Reykjavik Study.
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The Neuroepidemiology Unit hasalso carried out studiesin the
epidemiology of migraine headache, and isdevel oping collaborationswith
laboratory scientiststo bridge the gaps between our knowledge gained in
epidemiol ogic studieswith that gained through more basic research.

Collaborators: TamaraHarris, M.D., M.S,, Jack Guranik, M.D., Ph.D.,
Laboratory of Epidemiology, Demography, and Biometry, NIA; LonR.
White, M.D. Pacific Health Research Institute, Hawaii; Alan Remaley
M.D., NIH Clinical Center; Monique M.B. Breteler, M.D., Ph.D., Albert
Hofman, M.D., Ph.D., Erasmus University Medica Centre, Netherlands,
M. Ferrari, M.D., Ph.D., Mark van Buchem, M.D., Ph.D., Leiden
University Medical Centre, Netherlands; Arthur Toga, L aboratory of
Neuroimaging, UCLA; Oscar Lopez, University of Pittsburgh; S.
Giampaoli, M.D., Institute of Health, Rome, Italy; Vilmundur Gudnason,
Palmi Jonsson, M.D., Gudmundur Thorgeirsson, M.D., Ph.D., G.
Sigurdsson, M.D., Ph.D., University of Iceland and Icelandic Heart
Association, Iceland; M. Luster, Ph.D., NIOSH, W. Virginia; Mark
Mattson, Ph.D., P. Scheltens, M.D., Ph.D., Laboratory of Neurosciences,
NIA; J. Williamson, M.D., Wake Forest University; R. Lazar, Ph.D.,
ColumbiaUniversity; A. Murray, M.D., University of Minnesota; M.
Sullivan, M.D., Ph.D., University of Washington; Q-L. Xue, Ph.D., Johns
HopkinsUniversity; N.R. Bryan, University of Pennsylvania.
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Laboratory of Experimental Gerontology

Donald K. Ingram, Ph.D., Acting Chief

Gerontology Research Center
Room 2-C-02

Phone 410-558-8180

Fax 410-558-8323

The L aboratory of Experimental Gerontology (L EG) conductsbasic
research in experimental modelsfocused oninterventionsthat retard aging
processes. Currently the LEG iscomprised of the Behavioral Neurosciences
Section (BNS) and the Nutritional and Molecular Physiology Unit
(NMPU). One of the major projects of the NMPU isthelongitudinal study
of the potential beneficial effectsof calorierestriction on aging in nonhuman
primates. A second major areaof investigation for thisunit involvesin vivo
rodent modelsand in vitro cellular modelsto identify protective mechanisms
invoked by calorierestriction. Within the BNS, athird major project for the
laboratory isthe devel opment of astandardized research program
coordinated through the NIA extramural program to eval uate various aging
interventions (pharmaceuticals, hormones, dietary supplements, genes) in
mouse model sto assess effects on lifespan, pathol ogy, and functional
capacity at older ages. Another important activity of theBNSisto develop
behavioral assays of aging in rodents and nonhuman primates with focuson
motor and memory performance and to conduct research to identify
mechanisms of age-related decline in motor and memory performance. Asa
primary objective of thisresearch, investigationsare directed toward
preclinical development of pharmacological, genetic, and nutritional
interventionsthat improve behavioral function.
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Donald K. Ingram, Ph.D., Senior Investigator
Acting Chief, Laboratory of Experimental Gerontology and
Chief, Behavioral Neuroscience Section

Gerontology Research Center
Room 2-C-02

Phone 410-558-8180

Fax 410-558-8323

E mail doni@vax.grc.nia.nih.gov

Biography: Dr. Ingram was trained in psychology and gerontology at the University of
Georgia where he received his Ph.D. in 1978. From 1978-79 he served as a National
Institute of Mental Health-supported postdoctoral fellow in behavior genetics at the Jackson Laboratory. He
came to the NIA in 1980 as a Staff Fellow in the Laboratory of Behavioral Sciences and then moved to the
Laboratory of Cellular and Molecular Biology in a tenured position in 1985. He was appointed as Chief of the
Behavioral Neuroscience Section in 2000 when he joined the Laboratory of Neurosciences. In 2002 he was
appointed Acting Chief of the newly created Laboratory of Experimental Gerontology (LEG). The LEG
conducts basic research in experimental models focused on interventions that retard aging processes. A
major project is a longitudinal study of the potential beneficial effects of calorie restriction on aging in
nonhuman primates. A second major area of investigation involves in vivo rodent models and in vitro cellular
models to identify protective mechanisms invoked by calorie restriction. A third major project involves a
standardized research program to evaluate various aging interventions (pharmaceuticals, hormones, dietary
supplements, genes) in mouse models to assess effects on lifespan, pathology, and functional capacity at
older ages. Another important activity is to develop behavioral assays of aging in rodents and nonhuman
primates with focus on motor and memory performance and to conduct research to identify mechanisms of
age-related decline in motor and memory performance. As a primary objective of this research, investigations
are directed toward preclinical development of pharmacological, hormonal, genetic, and nutritional
interventions that improve behavioral function. To identify age-related structural changes in the brain and
alterations produced through various interventions, morphometric analysis using unbiased stereology is
applied. Dr. Ingram serves on the editorial boards of several journals, including the Neurobiology of Aging,
Experimental Aging Research, Journal of Anti-Aging Medicine, and CNS Drug Reviews, and he is an editor for
Gerontology. He has also served in numerous positions within the Biology Section of the Gerontological
Society of America, and he is a past president of the American Aging Association.

Keywords: Behavioral Neuroscience of Aging: Aging occursat multiplelevelsof

brain aging biological organization. Behavior representstheintegration of multiple
behavioral performance aging processesthat reflect the functional capacity of the organism. We have
memory developed a battery of cognitive and motor teststo assess neurobiol ogical
neurotransmitters mechanismsof age-related behavioral impairmentsin rodentsand to

Recent Publications: evaluateinterventionsthat purport to alter theseimpairments.

Anson RM, et al. Proc Natl . . .
Acad Sci USA 2003; 100: Regarding age-related declinein memory performance, we have focused on

6216-6220. the cholinergic and glutamatergic systemsand their interaction. For
cholinergic interventions, we have collaborated with Dr. Nigel Greig of the
L aboratory of Neurosciencesto develop anovel classof cholinesterase
inhibitors, that arelong-acting, highly specific for acetylcholinesterase, with
Luo Y-Q, etal. J awiderange of therapeutic efficacy and low toxicity within thisrange. For

’Sveefr ochem 2002, 80: 354- | tamatergic interventions, we are examining mani pul ations of the glycine

Mattison JA, et al. Exp
Gerontol 2003; 38: 35-46.
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Acad Sci 2001; 928: 316-
326.
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and polyamine sites on the N-methyl-D-aspartate (NMDA) glutamate
receptor aswell asgenerators of nitric oxide (NO) that is activated through
the NMDA receptor. We have found that combinations of glycine agonists
and polyamine agonists can act synergistically toimprovelearning
performance. NO donors are al so being assessed to overcome age-rel ated
learning impairments. Collaborating with Dr. Peter Mouton, we are
examining therole of estrogenin preserving memory and reducing glia-
mediated inflammation in amouse model of Alzheimer’ sdisease. In addition
tothe behavioral analysis, thelatter project ispart of alarger collaboration
with Drs. Peter Mouton and M athias Jucker that involves quantitative
morphometrics using unbiased stereology in avariety of mouse models.
Specifically, we are assessing age-rel ated changesin the numbers of
neurons, synapses, and glia, in the hippocampus of micefrom different
gendersand strainsincluding transgenics and knock-outs. The objectiveis
to relate specific neuromorphometric parametersto age or treatment-induced
changesin cognitive performance. In collaboration with Drs. Nan-Ping
Weng and Dan Longo of the Laboratory of Immunology, we are using
microarray technology to identify genesinvolved in memory formation and
possible age-related changesin gene expression. Several candidate genes
have been identified that show little expression in the hippocampus of
learning-impaired rats compared to higher levelsof expressioninyoung
ras.

Regarding age-related motor impairment, we have focused on the loss of
striatal dopamine D, receptors. Collaborating with Drs. George Roth and
Hiroyuki Umegaki, we have developed an adenoviral vector that can
mediate genetic transfer of the D, receptor into rat brain and produce
functional changesdueto thisreceptor. Weare currently using positron
emission tomography (PET) to image vector-mediated production and
decline of D, receptorsinrat brain.

In collaboration with Drs. Joseph Rifkind, Molecular Dynamics Section,
and Dan Longo, Laboratory of Immunology, we are examining the long-
term cognitive effects of variousregimens of chemotherapy infemalerats.
Specificaly, we are assessing the effects of cyclophosphamide and 5-
fluorouracil on various hematol ogical parametersthat could indicate
erythrocyte damage resulting inimpaired blood flow and mazelearning. We
are also examining the effects of erythropoietin, which stimulatesred blood
cell production, on maze performance of aged rats.
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Thus, our research program applies arange of approachesfrom molecular
biological techniquesto behavioral analysisfor examining possible
mechanisms of age-related neurobiological changesthat reduce functional
capacity at advanced ages and for identifying possibletreatments.

Collaborators: Nigel Greig, Ph.D., NIA; Mathias Jucker, Ph.D.,
University of Basel, Switzerland; Dan Longo, M.D., NIA; Peter Mouton,
Ph.D., Stereology Resource Center; Joseph Rifkind, Ph.D., NIA; George
Roth, Ph.D., NIA; Hiroyuki Umegaki, M.D., Nagoya University School of
Medicine, Japan.

Laboratory of Experimental Gerontology 11



112



Laboratory of Genetics

David Schlessinger, Ph.D., Chief

Triad Technology Center

333 Cassell Drive, Suite 3000
Phone 410-558-8337

Fax 410-558-8331

TheLaboratory of Genetics(L G) includes a Human Genetics Section,
directed by David Schlessinger, aHuman Geneticsand Integrative

M edicine Section, headed by Clair Francomano, a Transcription
Remodeling and Regulation Unit directed by Weidong Wang, the
Developmental Genomics Section under the direction of Minoru S.H. Ko,
an Image Informatics and Computational Biology Unit led by Ilya
Goldberg, and a Gene Recovery and Analysis Unit headed by Ramaiah
Nagarga

Theinterests of the Laboratory are based on the view that aging has genetic
determinants as an integrated part of human devel opment, with aprofound
dependence on theinterplay of synthetic and degradative processesthat are
initiated in utero. Seven major types of study arein progress.

1. Transitions between immortal and mortal cells, particularly at thelevel of
large-scaleregulatory phenomenaat thelevel of chromatin. For example,
thetransition of immortal embryonic stem cellsto mortal differentiating cells
isafundamental feature of theinitiation of aging in metazoans. The genes
specifically activated and repressed during such transitions are being studied
inamouse model, by differential assays of gene expression in oocytes,
preimplantation embryos, placenta, and several typesof stem cells(inthe
Developmental Genomicsand Aging Section).

2. Cohortsof genesinvolved in the development of selected
“nonrenewable” systems. For example, to understand and ultimately try to
compensate for loss of cellsand tissues during aging, skin appendage
development isbeing studied. Studies start from human or mouse hereditary
defectsthat have been attributed to single genes, such asthe ectodysplasin-
A involved in X-linked ectodermal dysplasia.
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3. Mechanismsand treatment of heritable disorders of connectivetissue. In
addition to studiesof lesionsand their effectsin skeletal dysplasias,
systematic studies are determining gene cohortsinvolved in skeletal growth
and development. Thework iscomplemented by effortsto understand the
potential roles of alternative and traditional medical practicein the care of
personswith genetic conditions, with particul ar attention to the prevention
or alleviation of chronic pain.

4. Nuclear organellesthat determinelarge-scal e chromatin remodeling
events. Such eventsareinvolved in chromosome dynamicsrelated to large-
scale control of gene expression and DNA repair. The Transcription
Remodeling and Regul ation Unit is using acombination of approachesto
isolate and characterize critical complexes, including the onesthat are
modified to causethe Werner, ATRX, and Bloom Syndromes, and Fanconi
Anemia

5. Genesinvolved in embryonic eventsthat prefigure aging-related
phenomena. For example, the Human Genetics Unitisinvolved in studies
of premature ovarian failure, in which the aging phenomenon of early
menopause isdetermined by an increased rate of folliculaatresiaduring fetal
life, and skin appendage formation and regeneration.

6. The genetics of aging-related complex conditionsis being approached by
interactive studieswith the“founder” populationin Sardinia. Initial
phenotypesto be studied along with epidemiol ogical factorsinclude arterial
stiffness, selected psychiatric/psychological traits. For thisproject
investigatorsfrom the Laboratory of Cardiovascular Science (Edward
Lakatta, Samer Nagjjar, and Angelo Scuteri), the Laboratory of Personality
and Cognition (Paul Costa, Antonio Terracciano, and Alan Zonderman),
and the Laboratory of Genetics (Alexel Sharov and Timur Nedorezov) are
working with Antonio Cao and Giuseppe Pilia, human geneticists at the
University of Cagliari, Sardinia, and Goncalo Abecasis, a statistical
geneticist at the University of Michigan.

7. The Image Informatics and Computational Biology Unitishelpingto
develop quantitative visual assays. Theunitisprincipal developer and co-
founder of the Open Microscopy Environment (OME) project. OME isa
software package and a set of standardsfor the collection, maintenance, and
analysisof biological images. Currently, the group is continuing to develop
relevant tools, applying them to determinethe spatial distribution of
differentially expressed gene productsin pre-implantation mouse embryos,
and to screen for mutantsin C. elegans.



Thelaboratory isalso equipped with other state-of-the-art resourcesfor
genomic approachesin the Gene Recovery and AnaysisUnit, including
large-insert clones and recovery methods, automated sequencing, and
chromatin analysistechniques. Among the specific projects of the Unitisthe
detailed mapping and sequencing of the mouset-complex, aregion
important for embryonic development and devel opmental genetics, and to
study long-range control of geneswith regulatory elementsat agreat
distance from the transcription unit.

Among specific technological improvementsthat are being developed are
techniquesfor therecovery of completegenesand YACsin circular,
autonomously replicating clones (in the Gene Recovery Unit), and protocols
to make and analyze high-quality cDNA librariesfrom very few cellsfrom
subregions of embryos (in the Devel opmental Genomicsand Aging
Section) and in collaborating with the Microarray Laboratory run by Kevin
Becker (see Research Resources Branch) and Agilent Technologiesto
devel op gene expression profiling with microarrays based on the cDNAs.
Thelaboratory also benefitsfrom joint effortswith other groups and
resource providers both within NIA and at anumber of extramural sitesin
the United States and abroad.
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David Schlessinger, Ph.D., Senior Investigator
Chief, Laboratory of Genetics and
Chief, Human Genetics Section

Triad Technology Center

333 Cassell Drive, Suite 3000

Phone 410-558-8337

Fax 410-558-8331

E mail schlessingerd@grc.nia.nih.gov

Biography: Dr. Schlessinger received his Ph.D. from Harvard University in 1960.
Following postdoctoral training at the Pasteur Institute in Paris, he joined Washington
University in St. Louis, where he served as Professor of Molecular Microbiology,
Genetics, and Microbiology in Medicine until his move to NIA in September 1997. He has contributed both to
microbial and human genome studies. He has served as President of the American Society for Microbiology
in 1995, and as the Director of the Human Genome Center at Washington University from 1987-97. During his
tenure as Center director, he oversaw the development of the X chromosome map and of much related
technology, with the concomitant finding of a number of disease genes. He is currently a councilor of the
Human Genome Organization (HUGO) International, and President, HUGO Americas.

Keywords: Human Genetics Section: The program isdesigned to study embryonic
ectodermal dysplasia and developmental eventscritical for the aging of specialized mammalian

premature ovarian failure cellsand concomitant aging-rel ated phenomena.
circular chromosomes
open microscopy

environment (OME) 1. Studiesat thelevel of generegulation in chromatin. Projectsare designed

to understand tissue- and devel opmental ly-restricted expression of two
Recent Publications: genes, one that when mutated causesinherited premature ovarian failure
Galaviz-Hemandez C, et (see bel oyv), and another.that isplacental-specific (PLAC1) and pqssi bly
al. Gene 2003; 309: 81-89.  involvedinfetal well-being. Promoter and enhancer element functionsare
Ui CY. et al. Hum Mol being analyzed in thoseinstances. Theregulatory processesinvolvefeatures
Gonet '2802;'1;(]3.72): 5oap.  Of chromatin; analyses of open and closed chromatin are projected for the
2940. genesrecovered in chromatinformin artificial chromosomesin the Gene

Recovery and Analysis Unit, headed by Ramaiah Nagargja.

Schlessinger D, etal. Am J
Med Genet 2002; 111 . . . “
328-333. 2. Cohortsof genesinvolved in selected processes, using a“genome

. approach” to developmental phenomena. The approach startsfrom human
g‘;'nifégg;‘.' ' ﬂf’%’gg / inherited conditionsand rel evant embryol ogical studiesin mouse models
1773. ’ (where sets of genesfrom embryonic stages can be easily assessed, and

knockout technologiesare available). Examplesinclude:
Crisponi L, et al. Nat

Genet 2001; 27(2): 159- . . . .
166. Premature ovarianfailure. A subset of women with premature ovarian

failure (POF) have adefect that isal so associated with eyelid dysplasia
(BPES, the blepharophimosis-ptosi s-epicanthusinversus syndrome). We
haveidentified a“winged helix” transcription factor, FOXL2, that is
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mutated to cause both the eyelid and ovarian follicle defects. In correl ated
developmental work, amouse knockout model has been devel oped that
recapitul atesfeatures of BPES, and systematic studies are under way of
gene cohorts specifically expressed during the development of ovarian
follicles, including the target genes controlled by FOXL2.

Skin appendage formation. The gene mutated in X-linked anhidrotic
ectodermal dysplasia(EDA) provides an entreeto an embryonic branch
point that leadsto teeth, hair follicles, and sebaceous and sweat glands. The
Tabby mouse has been shown to be an experimental model for the human
condition, and interacting genes can be found both by genomic approaches
and by genetic studies of some of the other 175 inherited ectodermal
dysplasias. Transgenic Tabby animals containing variousisoforms of the
EDA protein arerevealing both the capacity of isoformsto initiate or
maintain the restoration of some skin appendages, and to sustain the
hyperproliferation of others.

The projected work will depend on the Gene Recovery and Anaysis Unit,
directed by Ramaiah Nagaraja, and collaborating groups. Related effortsare
studying the genetic potential in the embryo-regulatory t-complex region of
the mouse; and more directly relevant to human conditions, an extensive
project isstudying afavorably inter-related population in Sardiniato
determinecritical genesinvolved in aging-related traits, with thelong-term
aim of promoting patient benefit.

Another group adapting new technol ogy, the Image Informaticsand
Computational Biology Unit headed by Ilya Goldberg is helping to
completetherange of necessary technology for functional genomicshby
developing quantitative visual assays. Theunitisprincipal developer and
co-founder of the Open Microscopy Environment (OME) project. OMEisa
software package and a set of standardsfor imageinformatics- the
collection, maintenance, and analysis of biological images and associated
data. Theaim of thisproject isto standardize how imageinformationis
stored, extracted and transported between different software applications. In
pilot work, current versions of OM E have addressed applications of high-
resolutionimaging to track intracellular particlesin real time, and screening
applicationsinvolving hundreds of thousands of images. Currently, the
group iscontinuing to devel op relevant computational toolsand information
systems, and to apply them to two specific biological areas. determining the
gpatial distribution of differentially expressed gene productsin pre-
implantation mouse embryos, and visual screening of populationsof the
nematode C. elegansin which one geneisinactivated at atime acrossthe
genome.
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Collaborators. Professor J.M. Cantu, University of GuadalgaraMedical
School; Dr. Michele D’ Urso, International Institute of Geneticsand
Biophysics, Naples; Professor Ra] Thakker, M.D., Oxford University;
Professor Antonino Forabosco, University of Modena; Dr. Giuseppe Pilia,
Italian Research Council, Cagliari; Dr. JuhaKere, Karolinskalnstitute;

Dr. Anand Srivastava, Greenwood Genetics Center; Dr. Peter Sorger,
Massachusetts I nstitute of Technology; Dr. Jason Swedlow, The University
of Dundee; Dr. John Schimenti, The Jackson Laboratories; Dr. Bruce Roe,
University of Oklahoma; Dr. KuniyaAbe, RIKEN Institute (Tokyo).
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Clair A. Francomano, M.D., Senior Investigator
Chief, Human Genetics and Integrative Medicine Section

Triad Technology Center

333 Cassell Drive, Suite 3000

Phone 410-558-8201

Fax 410-558-8087

E mail francomanocl@grc.nia.nih.gov

Biography: Dr. Clair A. Francomano is a clinical and molecular geneticist whose
research interests focus on applications of the Human Genome Project to molecular
analysis of human disease. Her laboratory efforts are directed toward molecular
aspects of the heritable disorders of connective tissue and skeletal dysplasias.

Dr. Francomano received her M.D. degree from Johns Hopkins University in 1980. Her post-graduate training
included a residency in Internal Medicine and Fellowship in Pediatric and Medical Genetics, both at Johns
Hopkins. She joined the Johns Hopkins University School of Medicine faculty in 1984, in the Departments of
Medicine and Pediatrics. In 1994 she was recruited to the National Human Genome Research Institute where
she served as Chief of the Molecular Genetics Branch and Clinical Director until 2001. She has been with NIA
since March 2001 as a Senior Investigator and Chief of the Human Genetics and Integrative Medicine Section
in the Laboratory of Genetics. Dr. Francomano and her group will conduct clinical and molecular studies in
genetic diseases of connective tissue and management of pain in those disorders.

Keywords: The Heritable Disor der s of Connective Tissue are a heterogeneous group
skeleton of conditions affecting multiple organ systems, including skeleton, skinand
connective tissue vasculature. While rapid advances have been madein recent yearstoward
genomics , understanding the genes underlying many of these disorders, genes
musculoskeletal pain responsible for many others remain to be found. In addition, much remains
Recent Publications: to be doneif we are to understand the pathogenesi s of those disordersfor

which genes are already known, the relationship between genotype and
phenotype, and additional genesthat act to modify the phenotype of known
mutations. Moreover, theavailability of molecular markersfor many of

Liberfarb RM, et al. Genet
Med 2003; 5: 21-27.

Ho NC, et al. Radiology these conditionsfacilitates prenatal or presymptomatic diagnosis, raising
2002; 223: 767-T7L. multiple ethical and social issuesthat merit exploration. Therelationships
Iwata T, et al. Hum Mol between specific mutations and phenotype are being explored in the typell

Genet 2001; 10(12): 1255-  collagenopathiesand Marfan syndrome, aconnectivetissue disorder caused

1264. by mutationsin thefibrillin gene on chromosome 15.

King LM, et al. Genomics

2001; 71(2): 163-173. Specific Skeletal Dysplasiasunder investigation in the laboratory include
Cartilage-Hair Hypoplasia, and disorders caused by mutationsin the
fibroblast growth factor receptor 3 gene.
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A major effort isunderway to characterize mutationsin the gene encoding
Fibroblast Growth Factor Receptor 3 (FGFR3) and to understand the
biochemical pathways|eading to specific FGFR3-rel ated phenotypes,
including achondroplasia, hypochondroplasiaand thanatophoric dysplasia.
Recent studies have found highly specific FGFR3 mutationsin apreviously
unrecognized phenotype of severe skeletal dysplasiawith acanthosis
nigricansand mental retardation.

We have embarked upon amajor project designed to identify and map
genesinvolved in skeletal growth and development. It isanticipated that
genes and gene expression dataderived through thiseffort will accelerate
our understanding of skeletal differentiation and development, aswell asthe
pathogenesis of rare M endelian and more common complex disorders of
skeletal growth and aging bones.

Thesectionisasoinvolved in severa projectsamed at understanding the
potential roles of aternative and complementary medical practicesinthe
care of personswith genetic conditions. Many personswith Her editary
Connective Tissue Disorders (HDCT) suffer from chronic

muscul oskel etal pain. We are designing studiesaimed at understanding
whether there arefundamental differencesin the neuro-biology of patients
with HDCT that contribute to chronic pain. Interventions designed to
ameliorate chronic pain inthis popul ation include mindful ness-based stress
reduction in the Ehlers-Danlos popul ation and “ dry needling” of myofacial
trigger pointsin patientswith several different disorders of connective
tissue. In collaboration with Dr. Helene Langevin of the University of
Vermont, we are attempting to understand the role of connectivetissuein
the mechanism of acupuncture, and to understand whether variations of
connectivetissue seen inthe HDCT influence the efficacy of acupuncture.

Collaborators: Dr. Michael Ain, Professor, Orthopedic Surgery, Johns
Hopkins University School of Medicine; Dr. Benjamin Carson, Professor,
Neurosurgery, Johns Hopkins University School of Medicine; Dr. Harry C.
Dietz, Professor, Pediatrics and Genetics, Johns Hopkins University School
of Medicine; Dr. LindaFried, Professor, Medicine, JohnsHopkins
University School of Medicine; Dr. Jacqeline Hecht, Professor, Pediatrics,
University of Texas, Houston; Dr. Robert Hotchkiss, Chair, Hand Surgery,
Hospital for Special Surgery, New Y ork; Dr. Mark Mattson, Chief,
Laboratory of Neurosciences, NIA; Dr. Daniele Rigamonti, Professor,
Neurosurgery, Johns Hopkins University School of Medicine; Dr. Paul
Sponsdllar, Professor, Orthopedic Surgery, JohnsHopkins University
School of Medicine.
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Weidong Wang, Ph.D., Investigator
Transcription Remodeling and Regulation Unit

Triad Technology Center

333 Cassell Drive, Suite 3000
Phone 410-558-8334

Fax 410-558-8331

E mail wangw@grc.nia.nih.gov

Biography: Dr. Wang was trained as a biochemist and a molecular biologist at both
UCLA, where he obtained his Ph.D., and Stanford University, where he worked as a
postdoctoral fellow. His research has focused on the regulation of mammalian gene

expression at the chromatin level. He has purified to homogeneity one of the first ATP-dependent chromatin-
remodeling complexes in mammals, and has subsequently cloned all the subunits within one complex. His
current projects include characterization of novel chromatin-remodeling complexes involved in human ATRX
syndrome (X-linked mental retardation and o-thalassemia); helicase complexes involved in the Werner
premature aging syndrome, Bloom syndrome, and Rothmund-Thompson syndrome; and a ubiquitin ligase
complex involved in a genomic instability disease, Fanconi anemia.

Keywords:

chromatin-remodeling
SWI/SNF

helicase

genome instability
cancer

Fanconi anemia
Bloom syndrome

Recent Publications:

Meetei AR, et al. Nature
Genet 2003; 35: 165-170.

Meetei AR, et al. Mol Cell
Biol 2003; 23(10): 3417-
3426.

Nie Z, et al. Mol Cell Biol
2003; 23(8): 2942-2952.

Xue'Y, etal. Proc Natl

Acad Sci USA 2003;
100(19): 10635-10640.
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Resear ch Description: Recently, multiprotein complexes have been
implicated in the regulation or modul ation of many cellular processes.
Often, one protein can be discovered in several complexes, with each
complex performing itsunique function. Thus, the biological functionsof a
given protein can be understood only when the consequences of its
association in complexes are defined. The Transcription Regulation and
Remodeling Unit studies sel ected nucl ear regul atory compl exes.

In the eucaryotic nucleus, the chromatin structuresthat allow efficient
storage of genetic information also tend to render the DNA inaccessibleto
metabolizing enzymes. Therepressive chromatin structure must be
remodel ed to allow transcription and other metabolic reactionsto occur.
Chromatin-remodeling multiprotein complexesarecritically involvedin
processesthat include transcription, replication, chromatin assembly, and
chromosome condensation. Furthermore, multiple human diseases,
including several typesof cancer, are caused by mutationsin remodeling
complexes; and aging in several lower species(and in several human
disorderswith features of premature aging) can be modulated by alterations
in remodeling enzymes. Our Unit aimsto discover novel chromatin-
remodeling moleculesand investigate their composition and mechanism of
action. We have taken abiochemical approach to defining targeted
complexes, starting with the development of ahighly efficient
immunopurification protocol to isolate the endogenous complexesfrom
mammalian nuclear extractsin highly purified form. We havefocused on
studies of two families of multiprotein complexesinvolvedin DNA
expression and genome stability, in two corresponding projects:
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Project I. Chromatin-remodeling Complexesthat Participatein Gene
Regulation

1. Mammalian SWI/SNF-Related Chromatin-Remodeling Complexes:
The SWI/SNF complex, originally identified in yeast, functionsasa
chromatin remodeling machinein signaling pathwaysthat lead to activation
of gene expression. In mammals, the SWI/SNF-related complexesare
involved not only in generegulation, but aso in targeting of HIV
integration, cell cycleregulation, and in tumor suppression by interacting
with Rb protein. Mutation of the hSNF5 subunit has been shown to bea
causefor pediatric rhabdomyosarcoma. We have completely purified several
distinct mammalian SWI/SNF-related complexes. By microsequencing, we
have cloned all subunitsfrom two major complexes of human KB cells,
BAF and PBAF. We have recently isolated anovel complex containing a
chromosomal translocation fusion partner for mixed lineage leukemia
protein (MLL). We are continuing characterization of these complexesand
investigate their mechanism of action.

4. Chromatin Remodelingin ATRX Syndrome: ATRX syndrome
represents acombination of o-thalassemia, mental retardation, and multiple
associated developmental abnormalities. The gene defectivein ATRX has
been localized to the X chromosome and recently cloned. The ATRX gene
encodes a gene product containing a SWI12/SNF2-type DNA -dependent
ATPasedomain. Thus, it has been hypothesized that ATRX could function
in an ATP-dependent chromatin-remodeling complex and participatein
regul ation of gene expression. By immunoprecipitation from HelL aextract,
wefound that ATRX isinacomplex with transcription cofactor Daxx. We
also demonstrate that this complex has ATP-dependent chromatin
remodeling activity. Our study suggeststhat ATRX functionsin conjunction
with Daxx inanovel chromatin-remodeling complex. Thedefectsin ATR-
X syndrome may result from inappropriate expression of genes controlled
by thiscomplex.

Project I1. RecQ DNA Helicase ComplexesInvolved in Genome
I nstability Syndromes

1. Purification of a Complex Containing WRN, the Helicase I nvolved

in Werner’sPrematureAging Disease: Many human helicasesdiscovered
to date arerelated to DNA repair diseases, including Werner Syndrome
(WRN), Cockayne' s Syndrome (ERCC6), X ermaderma pigmentosum, and
Bloom’s Syndrome. Many of the gene products have only been identified
recently and their mechanisms of action are not known. We recently found
that the gene product encoded by WRN is present in ahigh molecul ar
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weight complex in HeL acells. We have now purified this complex and
identified all of its subunits by microsequencing. We are now studying the
functions of the WRN complex. Hopefully, thiswill lead to better
understanding of the human aging process.

2. Purification of a Complex Containing BLM, theHelicase Involved in
Bloom Syndrome: ThisdiseaseresemblesWerner syndromein genomic
instability and cancer predisposition; but the patients do not display
premature aging conditions. The gene defectivein thisdisease belongsto
the samefamily of RecQ helicase asWRN. We have purified three distinct
BL M-containing complexesfrom HeL acells. Interestingly, one of the
complexes, termed BRAFT, also containsfive of the Fanconi anemia(FA)
complementation group proteins (see below). FA resemblesBSin genomic
instability and cancer predisposition, but most of its gene products have no
known biochemical activity and the molecul ar pathogenesis of thediseaseis
poorly understood. BRAFT displaysaDNA-unwinding activity, which
requiresthe presence of BLM because complexesisolated from BLM-
deficient cellslack such an activity. The complex also contains
topoisomeraselllaand replication protein A, proteinsthat are known to
interact with BLM and could facilitate unwinding of DNA. We show that
BLM complexesisolated from aFA cell line have alower molecular mass.
Our study suggests a connection between the BLM and FA pathways of
genomic maintenance. Thefindingsthat FA proteinsare part of aDNA-
unwinding complex consistent with afunction for FA proteinsin DNA
repair. Currently, we areinvestigating the role of acomponent of the
BRAFT complex, BLAP75, in BLM function.

3. Identify New Fanconi Anemia Genes and Under stand the Disease

M echanism: Fanconi anemia(FA) isagenomeinstability disease and the
patients have higher risksto devel op cancer. Genetic studies haveidentified
8 complementation groupsfor the disease. Among them, 6 genes have been
cloned. However, these gene products show no sequence homol ogy to
known proteinsin the database and they have not been reported to have any
biochemical activity. We haveisolated an FA core complex to asignificant
level of purity. Wefound that this complex hasfive known FA proteinsand
four new components (they are named FAAPsfor FA-Associated Proteins).
Weidentified all these components by mass spectrometry. One new
component, PHF9, was found to contain aubiquitin ligase motif aswell as
the corresponding activity. By three different approaches—small interfering
RNA (siRNA) knockdown, knockout mice, and identification of an FA
patient carrying a PHF9 mutation—we show that PHF9 represents a new
FA complementation group and isrequired for FANCD2
monoubiquitylation in vivo. Our data suggest that PHF9 playsacrucial role
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inthe FA/BRCA pathway asthe catalytic subunit required for FANCD?2
monoubiquitylation. We are continuing to investigate whether other
components of the FA core complex are novel FA genes. Several of these
new components were found to have DNA-interacting domains. We are
investigating whether the FA core complex may have corresponding
activities, which should help to understand how the FA core complexis
involved in the pathophysiology of thisdisease.

4. Purification of a Complex Involved in Rothmund-Thompson
Syndrome: Thisdisease also ischaracterized by genomeinstability and
higher risk of cancer. The gene mutated in the disease bel ongsto the same
RecQ helicase family asWRN and BLM. We have now purified the RecQ4
complex from HeL acellsand haveidentified all itscomponents. The
componentsin thiscomplex are compl etely different from thosein WRN or
BLM complexes, and the functional studiesare now underway.

Collaborators: Drs. Hans Joenj e, Johan de Winter, Annette Medhurst,
Quinten Waisfisz, Henri vad de Vrugt, Anneke Oostra, Free University,
Netherlands; Drs. Michael Wallisch and Maureen Hoatlin, Oregon Health
and Sciences University; Drs. Richard Gibbons and Doug Higgs, Oxford
University; Dr. Jacques Cote, Laval University Cancer Research Center;
Drs. Jiemin Wong, Jun Qin, and Colin Bishop, Baylor College of Medicing;
Drs. Everett Chen and Michael Cleary, Stanford University; Dr. Trevor
Archer, National Institute of Environmental Health Sciences, NIH;

Dr. Bernard Weissman, University of North Carolina.
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Minoru S.H. Ko, M.D., Ph.D., Senior Investigator
Chief, Developmental Genomics and Aging Section

Triad Technology Center

333 Cassell Drive, Suite 3000
Phone 410-558-8359

Fax 410-558-8331

E mail kom@grc.nia.nih.gov

\ { !, ? Biography: Dr. Ko received his M.D. degree in 1986 and his Ph.D. in 1991 from Keio

L University School of Medicine in Tokyo. He held positions as Researcher from 1988 to
i e \,_ *= 1991 and as Group Leader from 1991 to 1992 at the Furusawa MorphoGene Project,
ERATO JST, Japan. In 1992, he moved to the United States as Assistant Professor at the Center for
Molecular Medicine and Genetics, Wayne State University in Detroit, Michigan, where he was promoted to
Associate Professor and received tenure in 1997. He joined the NIA in Fall of 1998 to establish the
Developmental Genomics and Aging Section within the Laboratory of Genetics. In one earlier study, using a
steroid hormone inducible gene, he demonstrated a stochastic component in the regulation of expression of
individual genes at a single cell level. He has also developed three methods that aid in profiling systematic
gene expression in specific cell types. These are: 1) PCR-based amplification of a complex mixture of
cDNAs, which allows the analyses of a cohort of genes expressed in the small number of cells; 2) a way to
construct a normalized cDNA library in which the abundance of individual cDNA species is equalized; and 3)
an efficient PCR-based method for localizing mouse cDNAs or ESTs on the genetic map. His group has
recently established three major resources: a 15,000 unique gene collection (NIA Mouse 15K cDNA Clone
Set), a 7,400 unique gene collection (NIA Mouse 7.4K cDNA Clone Set), and a 60-mer oligonucleotide glass
slide microarrays containing ~22,000 gene features. These resources have been provided to the research
community and also facilitate some of the approaches in our research group.

Keywords: Thelong-term goal isto understand the fundamental mechanismsfor the
cDNA library maintenance of self-renewal, immortality, and pluripotency of early mouse
EST project embryos and stem cells. Replicative senescence has been an important focus

mouse cDNA microarray
cellular immortality and
pluripotency

pre- and peri-implantation
mouse development
stem cells

Recent Publications:

Suemizu H, et al. Dev Biol
2003; 253: 36-53.

Carter MG, et al. Genome
Res 2003; 13: 1011-1021.

Kimber WL, et al. Reprod
Biomed Online 2003; 6:
318-322.

Tanaka TS, et al. Genome
Res 2002; 12: 1921-1928.

VanBuren V, et al. Genome
Res 2002; 12: 1999-2003.

126

of aging research for many years, though studies have concentrated on the
senescence of cellsaready committed to mortality; herewerather
concentrate on the critical distinction between immortal early embryonic
cellsand mortal differentiating derivative cells. Studiesutilizethe potential
of asystematic genomic approach - embryogenomics - to analyze global
gene expression regulations. The approach includes the construction of
cDNA librariesfrom asmall number of cellsfollowed by large-scale cDNA
sequencing, in situ hybridization to mouse embryonic and fetal preparations,
and simultaneous gene expression analyses by DNA chip/microarray
technologies. Webelievethat such global studieswill provide greater
understanding of mechanismsthat will aid in the adaptation of stem cellsto
replacement therapy for aging and dysfunctional cellsand organs. Wefocus
on three complementary research programs.

1. Mouse Embryonic cDNA Clonesand Microarrays. A catalog of
genesintheform of cDNA clonesisthe complement to the sequence of
genomes, providing not only the confirmation of predicted gene structures,
but also the materialsfor cONA microarraysand for functional analysesor
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proteomics. Primary means of achieving thisgoal have been expressed
sequencetag (EST) projects, which essentially comprise single-pass
sequencing of randomly picked cDNA clones. One major difficulty to
construct acDNA library from early embryonic materialsisthe scarcity of
the starting materials. We have recently developed anovel design of linker-
primer that allows oneto amplify differentially long tracts (average 3.0 kb
with sizerangesof 1 - 7 kb) or short DNASs (average 1.5 kb with size ranges
of 0.5 - 3kb) from acomplex mixture. The method allows oneto generate
cDNA librariesenriched for long transcripts without size selection of insert
DNAs. All our recent cDNA libraries have been made by this new method,
and thus, asignificant fraction of these cDNA clones contain compl ete open
reading frame (“full-length”). We have thusfar generated ~140,000 ESTs
from early mouse embryos and mouse stem cells (http://
Igsun.grc.nianih.gov/cDNA/cDNA.html).

Previously we assembled and rel eased two non-overlapping mouse gene
sets: NIA Mouse 15K cDNA Clone Set, containing ~12,000 unique cDNA
clones, and NIA Mouse 7.4K cDNA Clone Set, containing ~7,400 unique
cDNA clones. These clone sets have been freely distributed to the research
community. During this period, we have continued to generate cDNA
libraries and obtain cODNA sequences. Furthermore, we have developed a
glass-dlide microarray platform containing in situ-synthesized 60-mer
oligonucleotide probes representing approximately 22,000 unique mouse
transcripts, assembled primarily from sequences of stem cell and embryo
cDNA libraries. Thismicroarray has been made commercially available
from Agilent Technol ogies. We have optimized RNA labeling protocolsand
experimental designsto useaslittleas2 ng total RNA reliably and
reproducibly. At least 98% of the probes contained inthe microarray
correspond to clonesin our publicly-available collections, making cONAs
readily availablefor further experimentation on genesof interest. Future
plansinclude the expansion of the set of unique genes by sequencing more
cDNA clonesfrom various embryonic collections, and the preparation and
use of cDNA microarrays from the expanded set of unigque genes.

2. Preimplantation M ouse Development: Preimplantation development is
animportant model system to study the pluripotency of mouse cells.
Concerning the differentiation potential of cells, preimplantation
development can be seen as aprocessin which totipotent stem cells
(fertilized eggs) losetheir totipotency. Preimplantation devel opment also has
many other interesting featuresasabiological system. First, itinvolves
dynamic switching from aprocess governed by the activity of maternally
stored RNA/proteinsto a process governed by the genes of zygotic
activation. Some oocyte mMRNAsaretrand ated, but fertilization triggers
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massive MRNA degradation. Transcription from the zygotic genome begins
at thelate one-cell to two-cell stagein mouse. Althoughitiswell established
that thistransition isregulated by a“zygotic clock,” it isnot known what
type(s) of genesisactivated first or how genes are activated. Second, the
first cell differentiation event in the mammalian devel opment occursin
preimplantation embryos. The process, “ compaction,” occurs at the 8- to 16-
cell stage, when cellsthat were previously loosely associated beginto
adherein thetightly organized cell mass of themorula. Thisisthe starting
point for cell differentiation into Inner Cell Mass (ICM) (which eventually
becomesthe embryo) and Trophectoderm (which eventually becomesthe
placenta). Despiteitsimportance, the molecular study of preimplantation
development has been significantly delayed, mainly because of the scarcity
of the materialsfor molecular biol ogical/biochemical approaches.

In our previouswork, weidentified many genesthat show stage-specific
expression patterns during prei mplantation mouse devel opment. However,
these genes have been identified by EST frequency, whichisarelatively
inaccurate and far fromideal way to do gene expression profiling. The
cDNA microarray-based gene expression profiling will provide more
reliableinformation. To thisend, we have been working on alarge-scale
gene expression profiling of each stage of preimplantation mouse
development. To start to examine whether these genesidentified here might
beinvolved intheimmortal/mortal transition process, we are currently
analyzing the nature of these genesin greater detail. Wearealso testing
various antisense oligonucleotides and siRNA to inhibit the function of
specific genein preimplantation mouse embryos. Finaly, wearea so

devel oping a high throughput whole-mount in situ hybridization technique
on preimplantation embryos.

3. Embryonic and Somatic Stem Cells: Embryonic stem cellsare derived
fromtheinner cell mass (ICM) of the blastocyst and are pluripotent, i.e.,
giverisetoall fetal tissues, including germlines, invivoandinvitro. The
ES cellsalso havethe capacity for “self-renewal,” i.e., undergoing an
unlimited number of symmetrical divisionswithout differentiation. Thus,
they are naturally immortalized cellswith stable and normal karyotypes.
Sincethefirst establishment of mouse ES cell lines, thesetwo featureshave
been used to mani pulate the mouse genome for the functional studies of
genes. The embryonic germ (EG) cellsthat have similar characteristicshave
also been derived from mouse primordial germ cells. Recent establishment
of human ES and EG cellsincreases excitement about the possibility of
using these embryonic stem cellsfor therapeutic purposes. For such
applications, it isparamount to understand how the ES cellsmaintain their
pluripotency and self-renewal, and how the ES cellsdifferentiateinto
specificcell lineagesin vitro.
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Asafirst step, large-scale gene expression profiling was performed on
embryo-derived stem cell linesto identify molecular signatures of
pluripotency and lineage specificity. Analysisof pluripotent embryonic stem
(ES) cells, extraembryonic-restricted trophoblast stem (TS) cells, and
terminally-differentiated mouse embryo fibroblast (MEF) cellsidentified
expression profiles unique to each cell type, aswell as genes common only
to ESand TS cells. Whereas most of the M EF-specific genes had
previously been characterized, the mgjority (67%) of the ES-specific genes
was novel and did not include known differentiated cell markers. We
suggest that pluripotency requires aset of genesnot expressed in other cell
types, whilelineage-restricted stem cells, like TS cells, express genes
predictive of their differentiated lineage. Theidentification of genesthat are
specifically expressed in ES cellshas provided an important first step for
understanding the pluripotency of stem cells. These genes can be used as
markersfor pluripotent stem cells. Furthermore, the manipulation of these
genesin ES cellsand other cell typescan further elucidate their function and
provide possible meansto harnessthe cellular pluripotency. To extend this
work and extract the common features of stem cells, we have thusfar
profiled thefollowing stem cells: (1) Differentiation and lineage
commitment of pluripotent mouse embryonic stem (ES) cells. Expression
profiling of mouse ES cells at six time points during the course of their
differentiation hasbeen performed. (2) Mesenchymal stem cellsand
derivative osteoblast cells. (3) Neural stem cellsand neuron/gliacells. We
are currently working on dataanalysis and independent validation of results.
We also plan to do expression profiling on embryonic germ (EG) cells, on
ES cellswith the altered expression of Stat3, and on ES cellswith altered
expression of Oct-3/4.

Collaborators: Dr. KuniyaAbe, Kumamoto University, Japan; Dr. Janet
Rossant, Mount Sinai Hospital, Toronto, Canada; Dr. Ryuzo Y anagimachi,
University of Hawaii, HI; Dr. Chen-Ming Fan, Carnegie I nstitution of
Washington, Baltimore, MD; Dr. Hitoshi Niwa, OsakaUniversity, Osaka,
Japan; Dr. Keiko Ozato, National Institute of Child Health and Human
Development, NIH, Bethesda, MD; Dr. Michael Q. Zhang, Cold Spring
Harbor Laboratory, NY; Dr. Winston Hide, South African National
BioinformaticsInstitute, South Africa; Dr. S. K. Dey, University of Kansas
Medical Center, KS; Dr. Takashi Y okota, The University of Tokyo, Japan,
Dr. Akihiro Umezawa, Keio University, Japan; Dr. Gary Van Zant,
University of Kentucky, KY; Dr. Angelo L. Vescovi, Institute For Stem Cell
Research, Italy; Dr. Kenneth Boheler, Laboratory of Cardiovascular
Science, NIA; Dr. Michael Seidman, Laboratory of Molecular Gerontol ogy,
NIA.
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The goals of the Laboratory of Immunology (L 1) research program are
aimed at uncovering information leading to a better understanding of
fundamental cellular, genetic, and molecular mechanismsthat contribute to
changesin the immune system during the aging process and to diseases
that are age-associated (e.g., increasing incidence with advancing age).
There are six major areas of concentration and long-term devel opment
within LI: 1) the molecular examination of telomere length and telomerase
activity in lymphocyte populations; 2) the molecular analysis of
differentially-regulated genesinvolved in lymphoid cell and organ
development, differentiation, trafficking, and activation; 3) molecular
mechanisms of memory lymphocyte formation and maintenance; 4) the
study and use of biological response modifiersto optimize and control
leukocyte trafficking, activation, and organ engraftment in normal and
aging hosts; 5) induction of antigen-specific tolerance and use in
transplantation and autoimmunity; and 6) the cellular and molecular
dynamicsinvolved in thymic involution and regeneration. The Clinical
Immunology Section (CIS) focuses on several important project areas
including the role of inflammation and cytokines in neurodegeneration and
Alzheimer’ s disease, therole of lipid rafts and cholesterol in the

mai ntenance of chemokine signaling and cellular activation in the aged
host and the immunoregulatory effects of pituitary and metabolic
hormones in mononuclear cell activity. In addition, CISis using techniques
of high throughput gene expression profiling to unravel pathwaysinvolved
in the metastasis of melanoma, a highly immune-modulated cancer.
Especially important are those pathways associated with chemokine
signaling, and pathways reflective of melanocyte devel opment that go
awry in metastasis (e.g., Wnt5a). The Lymphocyte Differentiation Unitis
currently investigating the influence of age on telomere length and
telomerase expression in peripheral blood T and B-lymphocytes,
regulation and function of telomerase in lymphocytes, and the mechanisms
of generation and maintenance of memory T lymphocytes. The
Lymphocyte Cell Biology Unit’ s recent work has focused on
understanding the cell biology of lymphomas, tumor-induced
immunosuppression, the roles of PTEN and caveolin in lymphocyte
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activation and function, and defining the role of CD28-mediated
costimulatory signal in immune responses particularly in cancer and
autoimmune disease.
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Chemokines, Aging, and Immune Responses. The recruitment of
lymphocytesinto inflammatory sitesrequires several activation events
including endothelial cell activation by inflammatory cytokines, the
expression of adhesion molecules, cellular adhesion, diapedesis, and
migration via established chemotactic gradients. Over the past 10 years,
members of the chemokine super family have been shown to induce
adhesion, chemotaxis, activation, and degranulation of human and rodent
leukocytes and lymphocytes both in vitro and in vivo. We are currently
examining arole for chemokines in lymphocyte activation and as
immunodjuvants in vaccine-based studies with hapten-carrier protein
complexes. In addition, the laboratory is also examining the ability of
various chemokines and other G-protein receptor ligands to modulate other
T, B, and NK cell effector functions aswell as antigen-presenting cell
activities. Furthermore, studies examining the differential expression of
various cytokines, chemokines and their cell surface receptors, post
cellular activation via mitogens, hormones, lipids, and stress factors are
also under investigation. As no cytokines or chemokines are ever alone
within an inflammatory site, it iscritical to determine how these various
growth factorsinfluence each others' signals and functions. Using purified
rodent, primate, and human immune cell subsets, we have observed a
significant dampening of aged lymphocyte and mononuclear cell
migration, adhesion, and chemokine receptor signaling in response to
ligand stimul ation compared to younger control populations. The age-
related changes that appear to play arolein this chemokine
hyporesponsivenessinclude signaling defects through cell surface
receptors, differencesin cell surface receptor expression after cellular
activation, and preferential expression or lack of expression of certain
chemokine receptors on circul ating immune subsets within an aged host. We
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believethat abetter understanding of the compl exities of leukocyte
extravasation and the mediators that induce cell trafficking and activation
will greatly assist our ability to orchestrate, regulate, and control various
pathological disease states associated with aging as well as enhance our
understanding of normal leukocyte trafficking.

Cholesterol and Lipid Raftsin T Lymphocyte Signaling and
Trafficking: Relevanceto Aging and I nflammatory Disease:
Chemokine receptors (CRs) have drawn much attention since their
description as human immunodeficiency virus (HIV) co-receptors by
severa groupsin 1996. Before that time, HIV tropism was defined as
either macrophage (M)- or T cell (T)-tropic, which corresponded to non-
syncytia- or syncytia-inducing viruses, respectively. Today, the
classification of HIV tropism is defined by chemokine receptor usage of
CCRS5, CXCR4, or both receptors. Certain CRs have been shown to be

pa mitoylated and targeted to cholesterol-and sphingolipid-rich membrane
microdomains termed lipid rafts. Lipid raftsis a broad term describing
membrane microdomains enriched in cholesterol, sphingolipids,
glycosylphosphatidylinositol-anchored proteins, and acylated signaling
molecules on the plasma membrane of immune and non-immune cells.
Theserafts are believed to be important signaling platforms as well as sites
of assembly for the TCR signaling complex. One of the most crucial
components in maintaining the higher lipid order of raftsis cholesterol,
and extraction of cholesterol by cyclodextrins (circular multimeric sugars),
disruptslipid rafts and increases overall membrane fluidity. The removal of
cholesterol has profound effects on the ability of several GPCRsto bind
their ligand. In addition, direct oxidation of cholesterol within the plasma
membrane or treatment of cells with oxidized cholesterols called
“oxysterols’ also inhibits chemokine binding and activity aswell asHIV-1
infectivity. Moreover, the cholesterol balance appearsto be quite strict as
the continued addition of cholesterol to the T cell membranes also inhibits
chemokine receptor function and T cell activation. Finally, we have
explored the ability of TCR or CD4 engagement to mediate adhesion
molecule, chemokine receptor, and cholesterol colocalization and found
that colocalization is dependent on the presence of cellular cholesteral,
cytoskeletal reorganization, and Ick signaling. These cell surface
rearrangements that result in the capping of chemokine receptors, adhesion
molecules, and lipid rafts to the site of CD4 contact may serve asa
mechanism for HIV propagation and pathogenesis. Our current findings
provide insight into the role of cholesterol and oxidized cholesterolsin
chemokine receptor structure and function. More specific effortsare also
underway examining the differences in the make-up of lipid raftswithin
the cell membranes of young and aged lymphocytes. Given the large
number of alterationsin lipid peroxidation and metabolism with age,
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changesin thetypes, saturation and levels of various membrane
sphingolipids, fatty acids and cholesterol may result in specific changesin
membrane fluidity, protein association and aggregation, cellular activation
and function. We believe that a greater understanding of the various
signaling and cell surface proteins associated with lipid rafts may provide
great insight into age-related alterationsin cell signaling and migration.

Novel Connections Between the lmmune and Endocrine Systems:
Inflammatory cytokines released by immune cells have been shown to act
on the central nervous system (CNS) to control food intake and energy
homeostasis. Decrease in food intake or anorexiais one of the most
common symptoms of illness, injury or inflammation. The adipocyte-
derived hormone, leptin, is considered a critical sensory anorexigenic
mediator that signalsto the brain changesin stored energy, determined by
an altered balance between food intake and energy expenditure and has
been shown to exert certain proinflammatory effects on immune cells. In
contrast, ghrelin, the endogenous ligand for growth hormone secretagogue
receptors (GHS-R), is produced primarily from stomach serving asa
potent circulating orexigen controlling energy expenditure, adiposity and
GH secretion. However, the functional role of ghrelin and GHS inimmune
cell function is unknown. Here, we report that GHS-R and ghrelin are
expressed in human T lymphocytes, specifically localize in lipid rafts,
exerts both specific and potent inhibitory effects on the TCR- and leptin-
mediated expression of the proinflammatory cytokines via functional
GHS-R and possible anovel GHS receptor on the surface of human
mononuclear and T cells. Moreover, ghrelin administration into endotoxin
challenged mice significantly inhibitsinflammatory cytokine mRNA
expression in the spleen, liver and lungs aswell as serum cytokine levels.
Furthermore, the expression of ghrelin, leptin and their receptors as well as
GH appear to be significantly diminished with age within specific immune
subsets and lymphoid organs, including the thymus. Administration of
ghrelin and leptin to aged mice using implanted osmotic pumps resulted in
areversal of thymic involution and restored thymic GH expression. Our
laboratory and others have demonstrated that the hormones, prolactin, GH
and | GF1 potentiate human and rodent lymphocyte activation and
proliferation in response to various antigens and stimuli both in vitro and
in vivo. These hormones have al so been shown to modulate a variety of
leukocyte functions including potentiating lymphocyte activation and
thymic engraftment and regeneration. Together, these data support the
existence of afunctional immunoregulatory network playing a significant
rolein cytokine regulation, cellular activation and survival. These dataalso
support the potential therapeutic use of ghrelin and GHS-R agonistsin the
management of wasting associated with chronic inflammation and cancer
and in restoration of thymic function in immunocompromised individuals.
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Molecular and Biological M echanismsof Age-associated Thymic
Involution: One of the consequences of an aging immune system isthe
process of thymic involution. The thymus undergoes a progressive
reduction in size due to profound changesin its architecture associated
with thymic epithelia atrophy and decreased thymopoiesis. Thisdeclineis
systemically followed by decreased numbers of circulating naive T cells
and cell-mediated immune responses which may play arolein the
increased tumorigenesis, autoimmunity, and infectious diseases observed
within an aging host. Despite the extensive study of the pathophysiology
of the aging thymus, the precise molecular mechanisminvolved in the
involution process remains unclear. In an effort to profile molecular
changes that occur within the aging thymus, microarray analysis was
performed using RNA derived from thymus isolated from mice of varying
ages. Using mRNA derived from the progressively aging thymi and
spleens, microarray analysis was performed using three distinct custom-
made cDNA microarrays developed within our laboratory as well as 26K
oligonucleotide murine arrays. The success of this project relies upon the
reliability of the molecular profiling of aged cells from defined aged
sources, both from culture and freshly isolated aged cells. Thefirst
milestone will be the definitive characterization and selection of genes
associated with thymic involution. Subsequently, we plan to conduct serial
analysis of gene expression (SAGE) in the thymi and spleens of mice of
varying ages, H-2 and genetic backgrounds, and known involution mouse
models. Our current data would suggest that thymic involution may be
strain dependent and may in part be associated with distinct genetic factors
rather than simply aging. We are currently analyzing the data obtained
from the gene profiles of aged spleens, thymi, bone marrow, B cells, T
cells and thymocytes from mice of various ages as well as from aged mice
infused with GH, ghrelin or leptin. It is unclear whether certain lymphoid
organs or cellular components play acritical rolein longevity and life
gpan. The overall goal of this project isto produce a comprehensive gene
expression profile in the thymus, spleen, and lymph nodes during the aging
process to identify unique and common genes and functionally related
groups of genesthat are expressed in an age-dependent manner in these
different organ systems.

Rolefor Homocysteinein Immunor egulation and Disease Pathology:
Homocysteine (Hcy) isthe immediate precursor of the amino acid,
methionine. In humans, blood concentrations of Hcy may become elevated
asaresult of deficiency in folate, vitamin B6 or vitamin B12 and has
recently been identified as a putative risk factor for a number of age-
associated disease states including arteriosclerosis, myocardial infarction,
arterial occlusive disease, Alzheimer’ sdisease and neural tube defects. A
specific role for Hey or any of its metabolites, such as S-adenosyl Hey
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(SAH) or Hcy thiolactone, in these conditions has not yet been firmly
established. Particularly absent is a description of the effects of elevated
Hcy levels onimmune function. Several studies have examined the effects
of Hcy on monocyte, neutrophil and B cell function, inflammation and
chemokine production; however, little is known about the Hey effectson T
lymphocytes. Our initial studies revealed that treatment of resting human T
cellswith Hey resulted in a dose-dependent increase in apoptotic cell
death. D,L Hcy was more potent than Hcy thiolactone in this respect while
SAH was found to be significantly less active or inactive in many cases.
We also found that the pro-apoptotic effects of Hcy were abrogated with
the addition of pan-caspase PARP inhibitorsto the cell cultures. These
results suggest that D,L-Hcy, like other apoptotic stressors, leads to the
activation of the caspase cascade and eventually to the cleavage of the key
cellular proteins, like PARP, eventually leading to the typical
morphological changes observed in cells undergoing apoptosis. We have
also found that Hcy-mediated apoptosisis inhibited by the phosphatase
and protein synthesis inhibitors, calcium chelators, Bcl-2, and Bcl-xl.
Moreover, we have aso found that Hcy appears to potentiate cellular death
induced by a number of other established apoptotic signals including
activation-induced cell death (A1CD), heat shock, and Fasligand- and
HIV-mediated T cell death. In addition to the pro-apoptotic effects of Hey,
stimulation of mononuclear cellsor isolated T cellswith immobilized anti-
CD3 mAb in the presence of Hcy or thiolactone but not SAH resulted in a
significant increasein cell division and expression of several type 1
cytokines. More detailed examination of the Hey effectson T cell
activation revealed that thistype 1 cytokine production profileis mediated,
in part, through the production of IL-18 and possibly IL-12. The precise
mechanism involved in the generation of these cytokinesis currently under
investigation but we believe the Hey effect is being mediated, in part, by
specific stress-associated signals resulting from Hcy treatment. Overall,
Hcy appearsto exert anumber of differential effects on immune cells,
which may alter immune function in the circulation and tissue
microenvironment with age and disease pathology. A greater
understanding of the potential modulatory effects of Hcy and its
metabolites on immune function may result in the devel opment of

potential therapeutic strategies to control and optimize immune responses
with age and in various age-associated disease states.

Collaborators: Nicholas Lukacs, Ph.D., University of Michigan; Francis
Ruscetti, Ph.D., National Cancer Institute, NIH; William Murphy, Ph.D.,
University of Nevada; JamesLillard, Ph.D., University of Alabamaat
Birmingham; Gunnar Nilsson, Ph.D., UppsalaUniversity, Sweden;
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The Regulation of Growth Fraction in Tumor Cells: The vast mgority
of solid tumors have avery low growth fraction at the time they become
clinically evident, usually in the range of 3-7%. When the tumor is treated,
the growth fraction increases in an effort to maintain the tumor cell mass.
Thisisreminiscent of the organization of most organ systems. Resting

25598 bone marrow stem cells are recruited into cycle under the influence of a
cell cycle myelotoxic stimulus. Surgical removal of a portion of the liver stimulates
'SV/TIE homa the recruitment of hepatocytesinto the cell cycle to replace the removed
cadherin tissue. Other examples could also be cited. What is of interest to usis how
catenin

atumor cell, with its many genetic abnormalities that tend to promote

proliferation, is pulled out of the cell cyclein thefirst place. Some gene
product that isworking in the resting tumor cells has managed to
antagonize all the oncogene mutations and missing or malfunctioning
tumor suppressor gene products and stop the cell from dividing; and it
doesthisreversibly. When the tumor perceives an attack that reducesits
volume, cells can be recruited back into the cell cycle. We are separating
fresh lymphoma specimens into dividing and nondividing populations,
isolating cDNA, and using microarray techniques, characterizing genes
that are expressed in resting cells but not in dividing cells. Such messages
will beisolated, their genesidentified, and then the message will be
introduced into dividing cellsto look for growth arrest.
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Tumor-induced Immunosuppression: Weinitially observed, and it has
been widely reproduced, that T cells from tumor-bearing hosts are
defectivein their signalling in response to antigen and in their function. A
variety of defects are noted including defective nuclear translocation of the
p65 NF-kB transcription factor, shortened half-lives for anumber of
cellular proteins such as TCR-¢ chain and signalling kinases of the src
family, among others, and a deviation of the cytokine production profile
toward Th2 cytokines (IL-4, IL-10) and away from Th1l cytokines
(interferon-y, TNF). Evidence of suppression of immune function in mice
in whom tumor is growing in hollow fibersin the peritoneal cavity without
any cell-cell contact in the host suggest that a soluble tumor factor is
responsible for the defect in cellular immunity. We have devised a method
of reproducing these tumor-induced changesin normal T cellsin vitro and
arein the process of isolating the tumor-derived factor(s) responsible for
the changes. In agreement with thisfinding, we are able to demonstrate the
immunosuppressive properties of the pleural fluid isolated from cancer
patients. We are in the process of isolating and characterizing the tumor-
derived factor(s) from the pleural fluids of cancer patients.

ShapingthePre-immune B Cell Repertoire: We have developed a
number of transgenic mice and mice with targeted mutations astools for
understanding the mechanisms (receptor dependent and independent) that
shape the B cell repertoire. These strains and their response to the antigen
phosphocholine (PC) have been used to define the relationships between
antigen recognition and protective, ineffective and detrimental immune
responses and to understand the impact that an aging immune repertoire
has on immune response. The immune response to PC isimportant
because in mice it has been shown to confer a high degree of protection
against infection by Streptococcus pneumoniae (SPn.), a pathogen that
poses asignificant risk to elderly, very young and immunocompromised
individuals. Recently, we have shown that the mouse VH1 geneis essential
for immune response to PC and PC-mediated protection against infection
by SPn. Furthermore, by examining the associations between the VH1
gene and various light chainsin PC-specific B cells, we have identified IgL
chain structural determinantsthat may explain differencesin therelative
affinity/avidity of VH1/VL chain combinationsfor different PC containing
antigens. Analysis of these models should provide insight into the
complimentary contribution of interactions between VH and VL genesto
protective versus ineffective immune responses to common determinants
expressed on different pathogens.
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We have also observed that a small subset of normal B cells disobey the
dogma of allelic exclusion by expressing more than one type of
immunoglobulin. These dual isotype expressing B cells express receptors
that recognize antigens that are both autoreactive and essential for
protection against infectious pathogens. We had suggested that
coexpression of a second antigen receptor may provide a mechanism
termed “receptor dilution” by which ahost can balance the necessity to
avoid self reactivity (which could result in holesin the available repertoire)
with the evolutionary pressure to provide protection against specific
pathogens. This may be a general mechanism for shaping the B cell
repertoire. Our current observationsin wild type C57BL/6 mice have
demonstrated that dual receptor expressing B cells are apart of the normal
wild type B cell repertoire. Interestingly, analogous to the VH and VK
genes used in the PC-transgenic model, the VH and VK genes expressed
by this small population of B cellsin wild type C57BL/6 mice have
inferred specificitiesfor both autoreactive antigens as well as antigens
expressed on pathogens.

In addition, we have shown that TdT (terminal deoxynucleotidyl
transferase) plays an important role in shaping the immune repertoire.
Specificaly, we have demonstrated that the generation of the dominant
M603id response to immunization with Proteus morganii is dependent
upon TdT expression. Subsequently, we have demonstrated that TdT
expression affects the size of a population of autoreactive, PtC-specific B1
B cellsaswell asthe expressed VH gene repertoire in this popul ation.
Continued examination of the contribution these and other components
play in shaping the immune repertoire will further expand our
understanding of the mechanisms that distinguish between protective,
ineffective and detrimental immune responses.

Cyclosporin A-Resistant Costimulation of T CellsviaCD28: The
CD28-mediated co-stimulatory signal plays apivotal role in many immune
responsesincluding T cell responses against tumors, virus-infected cells,
and transplanted alloantigens. Depending on the nature of primary
stimulation, CD28 can initiate multiple intracellular signaling pathways
that can be broadly classified into two groups: one is calcium-dependent
and sensitive to cyclosporin A (CsA), and the other oneis calcium-
independent and resistant to CsA. The CsA-resistant pathway has been
thought to be responsible for the ineffectiveness of CsA in the treatment of
graft-versus-host disease following allogeneic bone marrow
transplantation. Our primary objectives are focused on three areas: (1)
characterization of the CsA-resistant co-stimulatory pathway; (2)
examination of the physiological significance of this pathway; and (3)
evaluation of the effect of aging on this pathway.
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Role of Mutant p53in TGF-B-mediated Growth Suppression in B Cell
Lymphoma Cells: The tumor suppressor p53 iswell known for its ability
to inhibit the growth of cells that have suffered genetic damage or stress
induced by their environment. It is ableto inhibit cell growth by a number
of mechanismsincluding induction of apoptosis and senescence. The
importance of p53 as atumor suppressor is further documented by the
factsthat p53 null mice have dramatically higher rates of tumor formation
than their wild type counterparts and p53 gene is mutated in approximately
half of all human cancers. Although many of the biochemical functions of
wild type p53 have been elucidated, the * gains-of-function” associated
with p53 mutations are till, for the most part, poorly understood.
However, evidence suggests that these functions may promote enhanced
cell growth and tumor cell metastasis. While mutant p53 is atarget for
cancer drug development (mainly antisense strategies), littleis known
about the regulation of its expression. We have reported that TGF-3
treatment resulted in growth suppression associated with adecrease in
expression of mutant p53 of aB cell lymphoma cell line. The goa of this
study isto understand the mechanism underlying TGF-f3-mediated down
regulation of mutant p53 and subsequent growth arrest, and analyze the
gain-of-function properties for different mutant p53s.

Collaborators: Dennis Taub, Ph.D., Laboratory of Immunology, National
Institute on Aging; Douglas Ferris, Ph.D., National Cancer Institute, NIH;
William J. Murphy, Ph.D., University of Nevada.
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Resear ch: The research interests of thislaboratory are focused on two
areas: (1) molecular and cellular mechanisms of memory T cell generation
and maintenance and (2) roles of telomere and telomerase in lymphocyte
lifespan and aging. In order to study the molecular features of memory T
cells, we have devel oped lymphocyte-specific human and mouse cDNA
microarray genefilters and analyzed general gene expression profiles of
naive, effector, and memory T cellsin both human and mouse. These
analyses lead to the identification of genesthat are differentially expressed
in naive, effector, and memory T cellsaswell the kinetic changesin gene
expression during naive CD4 T cell activation. Our findings provide a
starting point for elucidating the contribution of various differentially
expressed genes in the process of memory T cell formation and
maintenance. Telomeres and tel omerase are the key components that
regulate cellular replicative lifespan. Recently, we have analyzed telomere
length in naive and memory B cells with age, and the expression of natural
telomeric genesin human fibroblastsand T cells. Our results demonstrate
that thereis no simple correlation between telomere length and expression
of telomeric genes. Currently, we are characterizing the functions of
differentially expressed genesin memory T cells, and determining the
mechanisms of telomerase regulation and function in lymphocytes.

Molecular and Cellular M echanismsof Memory T Cell Generation
and Maintenance:

A hallmark of the adaptive immune response isimmunological memory,
whichinvolvesthe selection, differentiation, and proliferation of naive T
cellsin response to antigen stimulation to become effector cells, and
subsequently form memory cells. Memory lymphocytes are long lived and
are capable of undergoing extensive cell divisionsto mount arapid and
effective immune response. Thus, the capacity of clonal expansion of
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lymphocytes, especially memory lymphocytes, iscrucia for the success of
sustained immune competency. Despite of the recent progressesin
characterizing the functions of lymphocytes, the mechanisms underlying
the generation and maintenance of memory lymphocytesremain largely
unknown.

The gene expression profile of T helper (Th) cellsasthey transition
from naive to effector to memory statesrevealslimited differences
among the resting Th populations

Generation of memory lymphocytesis an essential process for adaptive
immunity, yet the many stepsin the progression from naive to memory T
cellsareonly partially defined. We have identified commonly and
differentially expressed genesin naive, effector, rested effector, and
memory cells of Thl and Th2 lineages. The overall gene expression pattern
isdramatically different between effector and naive cells and al so between
effector cellsand rested effector cells. Fewer differences are seen between
rested effector and memory cells, suggesting effector expressed genes are
associated with the activated state of the effector cells, and rested effector
cellshave acquired many, if not al, characteristics of memory cells.
Comparable subsets of Thl and Th2 lineage showed very limited
differences. Together, we have presented ageneral analysis of gene
expression and identified differentially expressed genesin CD4* T cells
during differentiation. The identification of differentially expressed genes
in naive, effector, and memory CD4* T cells of both Thl and Th2 lineages
provides a starting point for elucidating how the processes of memory T
cell formation and maintenance are programmed. A better understanding
of these processesis essential for the rational design of vaccines and for
the development of strategiesfor clinical intervention to control
autoimmune diseases.

Kinetic assessment of general gene expression changes during
human naive CD4* T cell activation

The consequence of naive CD4* T cell activation isthe differentiation and
generation of effector cells. How the engagement of T cell receptors and
co-stimulatory receptors leads to profound differential changesis not fully
understood. To assess the transcription changes during T cell activation, we
developed human T cell specific cDNA microarray genefiltersand
examined the gene expression profiles in human naive CD4* T cellsfor 10
continuous time points during the first 24 hours after anti-CD3 plus anti-
CD28 (anti-CD3/CD28) stimulation. We report here aglobal and kinetic
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analysis of gene expression changes during naive CD4* T cell activation,
and identification of 201 genes having expression levelsthat significantly
changed after activation. Based on the temporal change, there are 15 genes
that changed between 0-1 hr (early), 26 genes between 2-8 hr (middle),
and 160 genes between 16-24 hr (late) after stimulation. Functional
analyses of these genes show their roles in maintenance of resting status,
activation, adhesion/migration, cell cycle progression, cytokine production,
and apoptosis. Significantly, the mgority of these geneswerenovel to T
cellsand their functions cover a broad range from signaling to
transcription to cytokine production to structural changesduring T cell
activation. These results present ageneral kinetic view of the molecular
changes of naive CD4* T cellsinresponseto T cell receptor-mediated
activation for the first time, and provide amolecular basisin understanding
how the complex network of gene expression regulation is programmed
during CD4* T cell activation.

Regulation of TelomereLength and Telomerase Gene Expression in
Human Lymphocyte Lifespan and Aging:

Telomere, theterminal structure of chromosomes, has captivated
considerabl e attention recently for its newly discovered function involving
the regulation of cellular replicative lifespan. Every telomere consists of an
array of tandem hexamer repeats, (TTAGGG)  and the binding proteins.
Theinability of DNA polymerase to completely replicate the ends of
chromosomes resultsin aloss of 50-200 base pair telomere repeats with
cell division in normal human somatic cells. It has thus been proposed that
aminimal length of telomeresis essentia for cellular replication and
telomere reduction is amechanism for limiting replicative lifespan in
normal somatic cells. In contrast, germline and malignant cells have
infinite lifespan and maintain telomere length due to expression of
telomerase. Telomerase is a unique reverse transcriptase consisting of two
essential components, telomerase RNA template (hTER) and telomerase
reverse transcriptase (hTERT), and functionsto synthesize telomere
repeats, which serveto protect integrity of chromosomes and to prolong
replicative lifespan of cells. The selective presence of telomerase in the
germline and malignant cells but not in most normal human somatic cells
has been hypothesized as a basis for theimmortality of the germline and of
malignant cells. Our goals are to understand the regulation and function of
telomere and telomerase in lymphocyte function, lifespan, and aging.
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Stable telomere length and telomerase expression from naive to
memory B lymphocyte differentiation

Telomere length and telomerase activity play important rolesin regulating
replicative lifespan of cells. The length of telomeres also servesasa
marker for the replicative history and for the remaining replicative
potential of cells. Differential telomere length has been reported in human
naive and memory T cells but not in naive versus memory B-lymphocytes.
We report here an analysis of telomere length and induced telomerase
expression in naive (CD27") and memory (CD27*) B cells from normal
adults. Although both naive and memory B cells |ose telomere repeats with
age, thereis no consistent difference in telomere length between these two
B cell subsets. Furthermore, both naive and memory B cells are capable of
inducing telomerase activity at similar levels after in vitro stimulation
independent of donor’ s age. Finaly, thereisasow increase of memory B
cellsin peripheral blood with age. These findings suggest that B cells are
capable of maintaining telomere length during differentiation from naiveto
memory B cells and this ability is maintained through age. These results
demonstrate that T- and B-lymphocytes, although closely related in
immune function, nevertheless employ quantitatively or qualitatively
different mechanismsfor the regulation of telomere length and
homeostasis.

Telomere length and the expression of natural telomeric genesin
human fibroblasts

Progressive telomere shortening occurs with division of normal human
cells, and eventually leads to replicative senescence. The mechanism by
which the shortened telomeres cause growth arrest islargely unknown.
Transcriptional silencing of genes adjacent to telomeres, also called
telomere position effect, has been hypothesized as a possible mechanism
of telomere-mediated senescence. However, thereisno report regarding
telomere position effect on natural telomeric genesin human cells. To
address whether the expression of natural telomeric genesis regulated by
telomere length, we combined quantitative RT-PCR with quantitative
fluorescence in situ hybridization to comparatively analyze the expression
of 34 telomeric genes and telomere length of their 24 corresponding
chromosome ends in young and senescent human fibroblasts. We
demonstrated here that telomere length alone is not sufficient to determine
the expression status of natural telomeric genes. An extended analysisof a
tandem of eight telomeric genes on asingle chromosome end revealed a
discontinuous pattern of changed expression during telomere shortening
and some of the changes are senescence-specific rather than non-dividing
related.
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This study has led to the identification of atotal of eighteen telomeric
geneswith differential expression in young versus senescent cells. While
the functions of most of these differentially expressed genes are unknown,
CDK 10, previously referred to as PISSLRE, has been reported asa
member of the CDC2-related kinase that play arolein regulating the G2/
M phase of cell cycle, and GAS11 has been implicated in cell growth
arrest. Furthermore, it isworth noting that four telomeric genes on the long
arm of chromosome 16, where a frequent loss of heterozygosity has been
observed in breast cancer, exhibited increased expression in senescent
cells. If replicative senescence is one of the protective mechanisms against
tumor formation, it is conceivable that senescence-associated genes may
play significant rolesin tumor suppression. Further studies will be
necessary to elucidate the biological function of the telomeric genes that
are differentially expressed in senescent cells. These findings suggest that
there is no simple correl ation between telomere length and expression of
telomeric genes. Therole of telomeric genesin cellular senescence
requiresfurther study.

Collaborators: Richard J. Hodes, M.D., National Cancer Institute and
National Institute on Aging, NIH; Yi Ning, M.D, Ph.D., University of
Maryland School of Medicine; Peter Lansdorp, M.D, Ph.D., Terry Fox
Laboratory, BC Cancer Agency; Susan L. Swain, Ph.D., Trudeau Institute;
Pierre Henkart, Ph.D., National Cancer Institute, NIH; Kevin Becker,
Ph.D., Gene Expression and Genomics Unit, Research Resources Branch,
NIA.
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Resear ch Description: Theimmune system is seriously impaired under
various clinical situations and in older people. The long-term goal of our
research isto define molecules that are significant in the reconstitution of a
functional immune system in adult mouse. T cell development in the
thymusisadirect consequence of stage specific signal transduction and
gene expression, resulting from reciprocal cell-cell interactions and locally
produced cytokines and hormones. Our research isfocused on analyzing
signal transduction mediated by p38 MAP kinase, NF-xB and c-mycin
the survival and differentiation of T cellsin the thymus. Currently we are
excited about the study of the role of Wnt-f-catenin signaling pathway in
T cell development using mice deficient in these molecules and transgenic
mice expressing mutant forms of B-catenin.

Described below are three projects currently ongoing in the laboratory.

Wnt-B-Catenin Pathway in the Development and Function of Immune
Célls: Because the Wnt pathway-associated transcription factors, TCF-1
and LEF-1, have been shown to be critical for T cell maturation, we
hypothesized that Wnt signals may be important in the thymus. We have
determined that Wnt-1, -3A, -4 and -5A are expressed in thymocytes. In
collaboration with Andy McMahon’ slab, we have shown that Wnt-1 and
Whnit-4 are required for generating thymic cellularity. In the future we will
determine if the reduced cellularity seen in the absence of Wnt signaling
results from diminished proliferation or impaired survival of thymocytes.
We would also like to know if Wnt-1 and Wnt-4 activity is supplemented
by Wnt-3A and Wnt-5A as we have shown that these growth factors are
also expressed in devel oping thymus.
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Wnits bind Frizzled receptors and alters gene expression through
transcription factors TCF-1 and LEF-1 by stabilizing their co-factor -
catenin. Wnt--catenin signaling has been shown to be critical for the
development of many organs, such as skin, gut and the brain, that involve a
balance of proliferation and cell fate decisions mediated by cell-cell
interactions. To investigate the role of Wnt-f-catenin-TCF-1, signaling we
have generated mice expressing a stabilized mutant of -catenin (ACat-Tg)
in thymocytes. ACat-Tg mice exhibit enhanced positive selection. In
particular, they show a 3- to 7-fold increase in the number of mature CD8
cellsand 1 to 2-fold increase in mature CD4 thymocytes. Extensive
mechanistic analysis has shown that theincrease in CD8 SP thymocytesis
likely due to increased generation of these cells during devel opment.
However, therole of B-cateninin T cell migrationisof great interest and is
one focusin the lab. Tissue-specific deletion of (3-catenin drastically
reduces the number of splenic T cells and mature thymocytes. Mechanistic
studies suggest thisresultsfrom impaired T cell development at the
important checkpoints. Cellular proliferation and survival are also affected
by B-catenin deletion.

Signals Mediated by NF-kB and c-Myc and the Survival of
Thymocytes: Immature DP thymocytes are very sensitiveto
glucocorticoid hormones. We have shown that this sensitivity is modulated
by NF-xB and c-Myc in vivo. To determine target genes activated in
immature thymocytes by NF-xB and c-Myc, we are using gene-array
technology. In collaboration with scientists at the Whitehead I nstitute
Center for Genome Research and McGill University, we are pursuing a
bio-informatics approach to study response of thymocytesto treatment
with dexamethasone in vivo. This project will help understand the
molecular basisfor sensitivity of immature thymocytes to glucocorticoid
hormones and will identify targets of NF-xB and c-Myc that mediate cell-
survival signals. Several genesidentified in theinitial analysisare only
known as ests. Further analysis of these geneswill involve cloning full-
length genes and manipulating them in vivo and in vitro to study their
functionin cell survival.

The unifying theme of our research isto explore how stage-specific gene-
expression resulting from cell-cell interactions between thymic epithelial
cellsand thymocytes that modul ate cell-survival, cell-death and
differentiation in the thymus. Similarly, we are interested in how signals
from cell-cell interactions between antigen presenting cellsand T cells
modulate immune response in the peripheral immune system.

Collaborators: Andy McMahon, Harvard University; Jill McMahon,
Harvard University; ThomasJ. Hudson, McGill University, Canada; Walter
Birchmeier, Max Delbrueck Center, Berlin, Germany.
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Vaccine Development: Thelab works on the development of simpler and
more potent vaccines for cancer and AIDS utilizing a chemo-attractant-
based antigen delivery strategy. Immune responses to vaccines can be
modulated towards either humoral or cellular responses at will depending
on the chemokine used. Vaccine efficacy istested in several murine tumor
models, such as MC38/Mucl breast cancer, Ras mutant tumors, and
particularly B cell malignancies 38C13, A20, BCL1 and MOPC315, the
most representative models for human B cell malignancies dueto their
non-immunogenic or weakly immunogenic features in syngeneic mice.
Furthermore, vaccine efficacy isbeing improved further by expressing
target antigens as self-assembled particles, which display chemokine and
defensin moieties on their surface to target/deliver tumor and other
antigens viareceptors differentially expressed on iDC and other
professional APCs. Simplicity of vaccinesis being achieved by utilizing
naked DNA immunizations. However, delivery of DNA invivo isfurther
improved and simplified by using attenuated and self-distractive Listeriaor
other vehicles, such as mammalian DNA incorporated in empty HBSAg
particles expressing chemo-attractants.

CytokinesasVaccine Adjuvants: The vaccine strategy developedinthe
lab aso workswell for other clinically relevant diseases, such as AIDS.
DNA vaccines expressing weakly immunogenic Env of HIV-1 fused with
pro-inflammatory chemokines generated broadly neutralizing antibodies
and elicited antigen-specific systemic and mucosal immune responses.
Currently, heisworking to establish a strategy for development of
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multivalent vaccinesfor AIDS by using mixture of fusion proteins with
various chemokines and defensins, which elicit both humoral and cellular
responses to number of HIV antigens.

Enhancement of Antigen Presentation by Defensins: APCs, particularly
immature DCs, can be activated with endogenous antimicrobial peptides,
such as murine B-defensin 2. He demonstrated that murine B-defensin 2
acted via TLR-4 to up regulate expression of co-stimulatory molecules and
production of inflammatory Th1 cytokines by iDCs. The work is being
expanded to study molecular mechanisms and signaling pathways of f3-
defensin-mediated iDC activation. At present, awide variety of human and
mouse defensin-like genes have been cloned to search for functionally
similar peptides, which can also be utilized for cancer vaccine studies.

Collaborators: JuliaR. Dorin, Western General Hospital, Edinburgh, UK;
Y ukio Koide, M.D., Hamamatsu University School of Medicine, Japan;
Larry W. Kwak, M.D., Ph.D., National Cancer Institute, NIH; Joost J.
Oppenheim, M.D., National Cancer Institute, NIH; Marjorie Robert-
Guroff, Ph.D., National Cancer Institute, NIH.
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TheLaboratory of Molecular Gerontology (LM G) investigates DNA
related processes such asgenomic instability, DNA repair, DNA replication,
and transcription. Increased DNA damage accumul ation in senescenceisa
major molecular change with aging, and thisDNA damage may eventually
inactivateindividual genesand lead to adeterioration of the organism,
which is characteristic of the senescent phenotype. DNA damage may bea
major cause of age-associated diseases, notably cancer. Thegoal of LMGis
to understand the underlying mechanismsinvolved in DNA damage
formation and its processing, aswell asthe changesthat take place with
aging that render aging cells susceptibleto cancer. DNA repair islikely to
play acritical role, and we have aspecial interest in understanding the
mechanismsinvolved inthemajor DNA repair pathways of nucleotide
excisionrepair and base excision repair. We areinvestigating the molecul ar
mechanismsrelated to DNA repair and genomicinstability in normal,
senescent and cancer cells. Studiesare carried outinvivo and invitro, in
fractionated cell extracts, and in intact cellsusing animal models. Weare
alsointerested inthe molecular processesthat interact with DNA repair.
These pathwaysinclude transcription, replication, targeted somatic mutation
and mitochondrial functions.

The accumulation of DNA damage with age could be aresult of agradual
declinein DNA repair capacity. Work from thisand other |aboratories
suggeststhat thisdeclineisnot readily detectablein the overall genome, but
may rather be adeclinein the gene specific or transcription-coupled
component of the DNA repair process.

The areaof oxidative DNA damage and its processing is of particular

interest to us. Repair of oxidative DNA baselesionsisinvestigated inwhole
cells, inmitochondriaand in cancer cells. We are also studying the
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molecular deficienciesin human premature aging disordersusing cell
biological approachesand biochemistry. These hereditary progeriod
disorders serve asmodel systemsto study human aging and age-related
diseases, including cancer. In particular, the laboratory isstudying DNA
helicases, ATPases and exonucleases, such asthe Werner syndrome, Bloom
syndrome and Cockayne syndrome proteins. These enzymesare also
essential in maintaining genomic instability and we areinvestigating their
function at abiochemical level and their interactionswith other proteins. A
major goal isto understand therole of these proteinsinimportant DNA
metabolic processesand to clarify their roleinimportant pathways. Weare
interested in understanding therole of these proteinsin the normal aging
process.

Inthelaboratory we are generally interested in abetter understanding of the
processesthat |ead to genomic instability. Asidefrom the DNA repair
process, which clearly isof importance in maintaining genomic stability, we
areinterested intherole of DNA polymerasesin causing mutation.
Recently, anumber of new DNA polymerases have been discovered and
some of these have low fidelity which can lead to mutation. Somatic
hypermutation of antibody genesisadistinct process, whichiscentral tothe
normal immuneresponse. We areinterested in the mechanism and how it
relatesto DNA repair, and whether it changeswith age.

Aninteresting DNA structurethat may arisein certain parts of the genome
isthetriple helix, which can lead to genomic instability. In addition, these
structures can be used to mediate gene targeted DNA damage.

We arealsoinvolved with anumber of studiesusing material fromthe
Baltimore Longitudinal Study on Aging (BLSA). In DNA samplesfrom
individualsin this study, we are examining various aspects of genomic
instability and how they functionin aging and premature aging disease. We
areinterested in the preval ence of genetic polymorphismin genesinvolved
in DNA repair and in the potential relationship to premature aging
syndromes and to age associated disease.

A therapeutic intervention against age-associated diseaseiscaloric
restriction. We study calorically restricted rodentswith the aim of exploring
whether this condition isassociated with changesin the formation or repair
of oxidative DNA lesions.
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Biography: Dr. Bohr received his M.D. in 1978, Ph.D. and D.Sc. in 1987 from the
University of Copenhagen, Denmark. After training in neurology and infectious
diseases at the University Hospital in Copenhagen, Dr. Bohr did a postdoctoral
fellowship with Dr. Hans Klenow at the University of Copenhagen, Denmark. He then worked with Dr. Philip
Hanawalt at Stanford University as a research scholar from 1982-1986. In 1986 he was appointed to the
National Cancer Institute (NCI) as an investigator, becoming a tenured Senior Investigator in 1988. Dr. Bohr
developed a research section in DNA repair at the NCI. In 1992 he moved to the NIA to become Chief of the
Laboratory of Molecular Genetics, now Laboratory of Molecular Gerontology. Dr. Bohr has conducted clinical
studies (infectious diseases and oncology), but worked most extensively in basic research. His main
contributions have been in the area of DNA repair. He has worked on many aspects of DNA damage and it's
processing in mammalian cells. He developed a widely used method for the analysis of DNA repair in
individual genes and found that active genes are preferentially repaired. This observation was a major
advance in the understanding of the tight interaction between DNA repair and transcription, a process termed
transcription-coupled repair. In recent years numerous papers from his laboratory have focused on
mechanisms of DNA damage processing, mainly on the pathways of nucleotide excision, transcription
coupling and base excision. A main interest now is to elucidate how these processes change in relation to
aging. Another focus of Dr. Bohr's research is the area of premature aging disorders such as Werner and
Cockayne syndrome. His laboratory has studied cellular, molecular and biochemical functions in cells from
afflicted individuals. Recent studies have focused on biochemical properties of the purified proteins, defective
in these disorders.

Keywords:

DNA Repair Processes: Several typesof DNA lesions have been observed

DNA repair in mammalian DNA. They areremoved by anumber of different DNA
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repair pathways. Oneis nucleotide excision repair (NER), which removes
and replaces bulky lesions, such as UV -light induced pyrimidine dimers.
Another important DNA repair pathway isbase excision repair (BER),
which removes single damaged bases asfree bases, and replacesthem. Base
excision repair removes alarge number of minor lesionsfrom DNA, many
of which are caused by oxidative modification. Other pathways of DNA
repair include mismatch repair, homol ogous recombination and non-

homol ogous recombination.

Oxidative DNA Damage and Mitochondrial Functions. Reactive
oxygen speciesare generated in cellsas by-products of cellular metabolism.
These speciesreact with proteins, lipids, and DNA to generate oxidative
damage. Oxidative DNA damage resultsfrom variousformsof cellular
stress, including exogenous exposures and endogenous metabolic processes.
Oxidative damageisthought to contribute to carcinogenesis, mitochondrial
dysfunction, and aging. Because most reactive oxygen species are generated
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by the oxidative phosphorylation processes that occur in mitochondria, itis
of great interest to understand the oxidative DNA damage processing
mechanismsin these organelles. Mitochondrial DNA isnot protected by
histonesand liesin close proximity to thefreeradical producing electron
transport chain. Oxidative DNA damagethat arisesin mitochondrial DNA
can cause mutations, geneinactivation, or deletions. These changesare
commonly found in the mitochondrial genome in association with aging and
cancer. Because mitochondrial DNA is subjected to high amounts of
oxidative damage, mitochondrianeed efficient DNA repair activity to
remove oxidative damage from their DNA. Although the notion has
prevailed for many yearsthat mitochondriacannot repair DNA damage
(including the highly mutagenic lesion, 8-0xo-G) recent studiesfrom our
group and el sewhere have shown that a number of lesions, including
oxidized bases, are efficiently repaired from mitochondrial DNA.

We have established several assaysfor the study of DNA repair in
mitochondria extracts. Mammalian mitochondrial repair enzymeshave been
purified and characterized. We have also studied DNA repair changeswith
aging in the mitochondria. Whereas nuclear DNA repair declineswith age,
mitochondrial repair increases, perhapsto handleincreased oxidative stress.

Premature Aging Syndromes. A number of rare mutations and disorders
in humans are associated with premature aging. The patients prematurely
display many signs and symptoms associated with normal aging. Weare
particularly interested in Cockayne syndrome (CS) and in Werner syndrome
(WS), which are good model systemsfor molecular studies of human aging.
The WRN gene, defectivein WS, has been cloned. The WRN gene, the CS
gene, and other genes mutated in premature aging syndromes encode
putative helicases. Therefore, further understanding of the molecular defects
inthese disordersisahigh and achievable priority in the understanding of
normal aging. The functions of the CS protein, whichismutated in CS, and
of the WRN protein, which ismutated in WS, appear to be at the crossroads
of aging, DNA transcription, replication, and repair, thereby nicely affording
acombination of our interest in DNA function with our interest in aging.

DNA Repair and Aging: The accumulation of unrepaired damageto DNA
contributesto cellular senescence. DNA repair efficiency may declinein
normal human aging. This decline may be subtle and may reflect changesin
specific DNA repair pathways. We are studying DNA repair pathways and
transcriptionin cellsfrom patientswith premature aging (segmental
progeroid disorders) to identify which specific repair pathway may be
defective.
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Werner’sSyndrome (WS): Werner’ ssyndromeisahomozygousrecessive
disease characterized by early onset of many characteristics of normal aging,
such aswrinkling of the skin, graying of the hair, cataracts, diabetes, and
osteoporosis. The symptoms of WS begin to appear around the age of
puberty, and most patients die before age 50. A hallmark defect in WSis
genomic instability characterized by karyotypic abnormalitiesincluding
inversions, transl ocations, and chromosome | osses. Because of the
acceleration of aging in WS, the study of thisdisease will hopefully shed
light on the degenerative processesthat occur in normal aging.

Themolecular basis of genomicinstability in WS remainsto be defined.
Our laboratory isusing several approachesto identify and characterizethe
molecular defect in WS cells. One approach isto compare the DNA
metabolic activities of WS and normal cells. WS cellsare not hypersensitive
to treatment with most DNA damaging chemicals, with the exception of one
carcinogen, 4-nitroquinoline. Some WS cellsare defectivein transcription
coupled DNA repair, but no other DNA repair defects have been
demonstrated. Experimentswith intact cellsand cell extracts suggest that
WS cellsmay have adefect in basal transcription. Cellsfrom WS patients
grow more slowly and become senescent at an earlier population doubling
than age-matched normal cells, possibly because the WS cells appear to
have accelerated | osses of the telomeric ends of their chromosomes.
Telomeric shortening isan established marker of cellular senescence.

WS cellshaveahigh level of genomicinstability, with increased amounts of
DNA deletions, insertions, and rearrangements. These effects could
potentially betheresult of defectsin DNA repair, replication, and/or
recombination, although the actual biochemical defect remainsunknown.

The gene defective in WS, the WRN gene, isamember of the RecQ
helicasefamily. Helicases play rolesin anumber of DNA related processes:
transcription, replication, and DNA repair and chromatin structural
organization. We have purified the WRN protein for usein anumber of
basic and complex biochemical assays. The protein has helicase and
exonuclease catalytic activities. It interactswith replication protein A (RPA),
both physically and functionally. RPA enhancesthe helicase activity when
unwinding larger DNA duplex structures. WRN protein interactswith the
Ku heterodimer, which stimulateits exonuclease activity, and this suggests
that WRN may be involved in non homologous endjoining, the pathway in
which Ku exertsits main function. WRN also interactswith p53, possibly in
the pathway of apoptosis, since WS cells have attenuated apoptosis. Further,
we haverecently discovered that WRN protein interactsfunctionally and
physically with Flap endonuclease 1 (FEN-1), aproteininvolved in DNA
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replication and DNA base excision repair. Thissuggeststhat WRN protein
playsarolein one or both of those processes. Recently, we have found
more protein partners of WRN, further supporting that it hasarolein DNA
repair and recombination.

Although much progressisbeing made, the nature of the defect(s) in WSis
still amystery, asisthe nature of the processesthat occur in cellular
senescence and normal human aging. Our ongoing and future studies will
be directed towards el ucidation of the causes of the accel erated aging
phenotypein WS, with hope that this knowledge can also be applied to our
current understanding of both the aging of cellsand organismsin general.

Oxidative DNA Damage: One magjor theory of aging holdsthat oxidative
damageto cellular components, such asproteins, lipidsand DNA,
accumulateswith age, leading to the cellular dysregulation that result in the
process of aging experienced by the organism. We areinterested in
understanding how exogenous and endogenous sources of reactive species
produce oxidative damagein DNA, how that damage is processed in human
cells, and the effects of unrepaired damage. The attack by reactive oxygen
species produces awide variety of productsin DNA. They are then repaired
by adifferent DNA repair pathway, the main one being base excision repair.
Using DNA substrates contai ning well-defined oxidativelesions, we study
the DNA repair reactions of cell extractsin vivo or purified proteinsin vitro
with the damaged DNA.

Mitochondrial DNA Repair. It has been suggested that oxidative DNA
damage accumulatesin the mitochondrial DNA because these organelles
have deficient DNA repair mechanismsand low repair proficiency. Over the
past decade, it has been shown that mammalian mitochondria possess
efficient base excisionrepair (BER), and are able to remove many different
base adductsfrom their genome. In addition, we have recently demonstrated
that the 8-ox0-dG glycosylase/AP lyase (OGGL) activity increaseswith age
inliver and mitochondriafrom ratsand mice. The specificincreaseinthis
activity, compared to the declinein nuclear DNA repair, suggestsan
induction of the mitochondria pathway.

It ischallenging to understand the mechanismsinvolvedinthe
mitochondrial DNA repair process. Wetake several approachesto this. In
one, we are studying DNA repair in vitro with mitochondrial extracts, and
here we can determinetherole of variousindividua proteins by use of
specific antibodies or by complementation of the purified proteins. In
another approach, we use transgenic animalsthat are defectivein specific
DNA repair genesinvolved in nucleotide excision repair or baseexcision
repair to study the function of these gene products.
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DNA Repair in Alzheimer’ s Disease. Recent work from other laboratories
has suggested that cellsfrom Alzheimer’ sdisease patients are defectivein
the processing of DNA lesionsinduced by irradiation with fluorescent light.
We are assessing various pathways of DNA repair in Alzheimer’ scellsto
characterize this possible defect, which could be etiol ogically linked to the
disorder.

Cockayne Syndrome (CS): Cockayne syndromeisarare human disease
characterized by arrested post-natal growth and resulting in premature aging
and death. Complementation studies demonstrated that two genes,
designated CSA and CSB, areinvolved in CS. Cellsfrom CSindividuals
areabnormally sensitiveto killing by ultraviolet radiation, aswell ascertain
so-called UV -mimetic chemicals, such as4-nitroquinoline-1-oxide and N-
acetoxy-2-acetylaminofluorene. CS cellsare defectivein the enhanced rate
of repair of thetemplate (transcribed) strand rel ative to the coding (non-
transcribed) strand of transcriptionally active genes. In recent experiments
from thislaboratory, we have demonstrated that mutationsin the CSB gene
arethe cause of the transcription coupled repair defect.

The complex clinical phenotype of CS, however, suggeststhat DNA repair
may not bethe only defect. Moreover, recent evidence from our laboratory
demonstrated that CSB cellsare defectivein RNA polymerasell (Pol I1)
transcription. Studiesof transcriptioninvitro, in aplasmid-based system,
demonstrate asignificant transcription defect in CSB cells.

We have generated stable human cell lineswith functional domain knockout
of different regions of the CSB gene. Mutations areintroduced by site-
directed mutagenesis, in various motifsin the ATPase or helicase domain of
the gene. The phenotypical alterations caused by these mutations are then
examined, and studies are also carried out using cell extractsfrom these cell
lines. Further, thewild type CSB and mutated recombinant proteinsare
made from baculovirus constructs and studied biochemically. Mutationsin
the ATPase domain do not appear to affect the potential for oxidative DNA
damage repair whereas certain mutationsin the helicase domain markedly
affect the capacity for DNA repair of oxidative DNA baselesions. These
results demonstrate that the CSB protein playsarolein base excision repair
of oxidative DNA damage. Thus, this protein has several rolesin DNA
metabolism, itisinvolved in transcription, DNA repair, apoptosisand
chromatin assembly. Studiesare now aimed at further structure/function
anaysisof CSB protein and aimed at further clarification of itsfunctionin
these pathways.

Laboratory of Molecular Gerontology



Thefunction of the CSB proteinisalso investigated with microarray studies
of gene expression. Herewe find that several genes are under expressed in
mutated CS cells, and that some of these confirm asubstantial rolefor CSB
proteinin transcription and apoptosis.

Collaborators: J. Hoeijmakers, Erasmus University Rotterdam, Rotterdam,
Netherlands; C.C. Harris, Laboratory of Human Carcinogenesis, National
Cancer Institute, NIH; K.H. Kraemer, National Cancer Institute, NIH; A.P.
Grollman, State University of New Y ork at Stony Brook; I. Hickson, Inst.
Molecular Medicine, Oxford, United Kingdom; George Martin, University
of Washington, Seattle, Washington; Erling Seeberg, University of Oslo,
Norway.
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DNA Polymerasesin Somatic Hyper mutation of | mmunoglobulin
Variable Genes: Somatic hypermutation of variable genes, which encodea
portion of immunoglobulin molecules, occursat afrequency that isamillion
times greater than mutation in other genes. The molecular mechanism that
introduces these mutationsis unknown. Evidence pointsto aprocessthat
involvesDNA repair events at sites of targeted strand breaks. In vertebrate
cells, thereare many recently identified DNA polymerasesthat inaccurately
copy templates. One or more of these are potential candidatesfor enzymes
that introduce base changes during hypermutation. We are studying theroles
of DNA polymerases eta, and iotain the mechanism.

Polymerase etais defective in people with xeroderma pigmentosum variant
disease. We sequenced variabl e genesfrom three patients and found that
their frequency of hypermutation wasnormal, but the types of base changes
weredifferent. Polymerase eta-deficient cloneshad athree-fold decreasein
the proportion of mutationsat A and T with aconcomitant rise of mutations
at G and C. It isnotablethat this shift in mutation pattern is consistent with
the specificity of the polymerase when copying non-damaged DNA invitro.
Thisfinding impliesthat polymerase etaisan A-T mutator in
hypermutation, and another polymerase actsat G and C nucleotides. We are
currently trying to identify proteinsthat interact with polymerase etaduring
hypermutation.
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In collaboration with R. Woodgate, we have studied the specificity of
polymeraseiotaon DNA substratesthat might be formed during
hypermutation. The overall fidelities of the polymerase are 10-fold lower
when it fillsatemplate at aDNA terminus compared to whenit fillsalonger
template. However, the frequency and pattern of hypermutation in micethat
aredeficient for polymeraseiotawere similar to wildtype mice, suggesting
that its participation in hypermutation is subtle, and other polmerases can
compensatein its absence.

Collaborator s: Roger Woodgate, National Institute of Child Health and
Human Development, NIH, Bethesda, MD.

Laboratory of Molecular Gerontology 161



Michael Seidman, Ph.D., Senior Investigator
Chief, Section on Gene Targeting

Gerontology Research Center
Room 2-E-17

Phone 410-558-8565

Fax 410-558-8157

E mail seidmanm@grc.nia.nih.gov

Biography: Dr. Michael Seidman received his Ph.D. in biochemistry from the
University of California, Berkeley, in 1975. He did postdoctoral work at the NIH and at
Princeton University. He worked at the NIH and in the biotechnology industry before

assuming his present position in the Laboratory of Molecular Gerontology, NIA.

Keywords:

gene targeting
DNA triple helix
DNA repair

Recent Publications:
Majumdar A, et al. J Biol
Chem 2003; 278(13):
11072-11077.

Puri N, et al. Biochemistry
2002; 41(24): 7716-7724.

Puri N, et al. J Biol Chem

2001; 276(31): 28991-
28998.

162

Cellular Responseto DNA Damage: We are interested in the response of
cellsto targeted DNA damage and the application of site specific targeting
for modulating genomic sequences.

GeneTargeting: Current approachesfor manipulating genomic sequences
rely on homol ogous recombination. In these proceduresrelatively lengthy
DNA fragmentsareintroduced into cellsand viaan enzymologically driven
process engage in a search for homol ogous sequencesin the chromosome.
After arecombinational intermediate forms, the processiscompletedina
seriesof additional enzymatic steps. The procedureisinefficient and time
consuming. Given the marked increase in sequence datafrom the genome
project thereisaclear utility in having amore efficient and |ess cumbersome
process.

We are devel oping oligonucleotides, that can form athree-stranded DNA
structure called atriple helix. Thethird strand liesin the major groove of an
intact double helix and is stabilized by hydrogen bonds between the basesin
thethird strand and the purine basesin the duplex. These structures are quite
stable and very stringent with respect to sequence specificity. The
oligonucleotides can belinked to DNA reactive compounds and site-
specific modification of DNA with these oligo-reagent conjugates has been
demonstrated by many groups. Although these structures have been studied
for many years, there have been relatively few accounts of biological
applications.

Recently we and our colleagues constructed an oligonucleotide linked to
psoraen (aphotoactive DNA crosslinker), which wasdesigned to form a
triplex with asequencein the well-known cellular housekeeping gene
HPRT (hypoxanthine guanine phosphoribosyl transferase). Thisgene
encodes an enzyme engaged in purine salvage. Thereisasimple selection
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procedurefor cells, which lack the enzyme, consequently, the gene has
become the most commonly used mutation marker genein mammalian cells.
Theoligowasintroducedin cellsin culture and after photoactivation the
cellswere processed according to a standard mutation sel ection protocol .
Mutationswerefound at thetarget site, and sequence analysis demonstrated
that the majority were small deletions. Thiswasthefirst evidence that
chromosomal targets are accessibleto triplex forming oligonucleotide
reagents.

In more recent work we have examined the influence of novel sugar
modificationson the activity of triplex forming oligonucleotides. We have
identified the nature and distribution of these derivativesin oligonucleotides
that support robust activity in gene knockout assays. We are now using
these new reagentsin additional gene knockout studies, as probesof cellular
chromatin structure, and for studying the metabolism of targeted DNA
damage.

Thisapproach can now be used to deliver additional DNA reactive
compoundsto specific genomic locations and we arein the process of
developing those reagents. We are a so looking at the influence of DNA
repair deficiencies on the targeted mutation frequencies. Thiswill tell us
which DNA repair activitiesare activein repair of thedirected lesions, and
lead to the devel opment of strategies designed to inhibit these functions
during thetime of oligo introduction. Eventually this approach will be used
to modul ate genomic sequences with targeted gene knockout as a specific
application.

Collaborators: Dr. Paul Miller, JohnsHopkins; Dr. Peter Glazer, Yale
University; Dr. Irving Wainer, Laboratory of Clinical Investigation, NIA.

Laboratory of Molecular Gerontology 163



Robert M. Brosh, Jr., Ph.D., Investigator
Unit on DNA Helicases

Gerontology Research Center
Room 2-E-09

Phone 410-558-8578

Fax 410-558-8157

E mail broshr@grc.nia.nih.gov

Biography: Dr. Robert Brosh received his Ph.D. in Biology from the University of
North Carolina at Chapel Hill in 1996 and his M.S. in biochemistry from Texas A&M
University in 1988. He obtained postdoctoral training at NIH before assuming his

present position in the Laboratory of Molecular Gerontology, NIA.

Keywords:

helicase

genomic instability
Werner syndrome
DNA repair
replication

Recent Publications:
Sharma S, et al. J Biol
Chem 2003; 278(26):
23487-23496.

Driscoll HC, et al. J Biol
Chem 2003; 278(42):
41126-41135.

Sharma S, et al. Mol Biol

Cell 2004; 15(2): 734-750.

164

Rolesof DNA Helicasesin Genomic Stability: The growing number of
DNA helicasesimplicated in human disease suggeststhat these enzymes
havevita specialized rolesduring replication, DNA repair, recombination,
and transcription. RecQ DNA helicasesare of particular interest because the
human hereditary disorders Werner syndrome (WS), Bloom syndrome, and
Rothmund-Thomson syndrome all arise from mutationsin genes of the
RecQ helicasefamily. We have focused our efforts on understanding the
cellular and molecular defects of WS, apremature aging disorder
characterized by genomicinstability. Defining the biochemical functions of
DNA helicaseswill help usto better understand the molecul ar defects
associated with cancer and aging.

WRN Helicase as Caretaker of the Genome: The defects observed in WS
cellsmay result from theinability to resolve alternate DNA structures. One
hypothesisisthat Werner syndrome protein (WRN) functionsto resolve
structuresthat impede progression of thereplication fork. Replication
defects observed in WS are consistent with this notion. Recently we have
shown that WRN unwinds anumber of alternate structuresincluding
triplexes, tetraplexes, and Holliday junctions. The cellular defectsand
genomicinstability of WS may arisefrom persistent DNA structuresthat fail
to beresolved by WRN or certain RecQ helicases. My group iscurrently
investigating the reaction mechanism for WRN-catalyzed DNA unwinding
and the action of WRN on important DNA substrate intermediates of
replication, DNA repair, and recombination. The goal of thiswork isto
elucidate therole of WRN protein in pathways of DNA metabolism
necessary for the maintenance of genomic stability.
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Protein I nteractionsof WRN Helicase: To understand the molecular
functions of DNA helicases, we areinterested in protein interactions of
WRN. Defining the protein interactions of WRN will help to elucidate
cellular processesto maintain genomeintegrity. Our studieshave
demonstrated that WRN physically and functionally interactswith anumber
of important cellular proteinsthat include RPA, Ku, and p53. These
interactions modul ate the catalytic activitiesof WRN, and arelikely to be
important in DNA metabolic pathwaysthat confer genome stability.
Recently we demonstrated that WRN physically interacts with human flap
endonuclease 1 (FEN-1), astructure-specific nucleaseimplicated in DNA
replication and repair, and dramatically stimulatesthe cleavage activity of
FEN-1. Weare presently exploring mechanistic aspects of the WRN-FEN-1
interaction and the functional importance of the WRN-FEN-1 interactionin
vivo. Ongoing studiesin thisareawill hopefully shed light on the potential
importance of the WRN-FEN-1 interaction to genome stability that is
perturbed in WS.

Collaborators: Dr. Vilhelm Bohr, Laboratory of Molecular Gerontology,
NIA; Dr. Michael Seidman, Laboratory of Molecular Gerontology, NIA;
Dr. lan Hickson, University of Oxford; Dr. Mark Kenny, Albert Einstein
Cancer Center; Dr. Curt Harris, National Cancer Institute, NIH; Dr. Dmitry
Gordenin, National Institute of Environmental Health Sciences, NIH; Dr.
Robert Bambara, University of Rochester; Dr. Donad Jerina, National
Institute of Diabetes and Digestive and Kidney Diseases, NIH.
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Base Excision Repair: Base excision repair (BER) isthe magjor pathway
for correcting most spontaneous and oxidative DNA damage. In brief, the
main steps of BER consist of: (1) excision of the damaged base (e.g. 8-
oxoguanine), (2) incision of the DNA backbone at the abasic site product,
(3) removal of the abasic terminal fragment, (4) gap-filling synthesis, and
(5) ligation of thefinal nick. Our focus has been to understand the
molecular mechanismsof repair of abasic sitesand oxidative DNA single
strand breaks, and to define the coordinated effort between the proteins of
BER. Towardsthisend, we haveisolated several BER proteins and have
devel oped biochemical assaysto assesstheir individual and cooperative
structure-function relationships.

TheMajor Human Abasic Endonuclease, Apel: Apel isthe mgor
corrective enzymefor abasic sitesin DNA, initiating repair of thiscommon
lesion by incising the phosphodiester backbone5’ to the damagesite. This
enzyme also functionsin specific strand break contextsto remove 3’ -
oxidative blocking termini, e.g. phosphate and phosphoglycol ate residues,
from DNA. Recently, the3' to 5’ exonuclease activity of Apel wasfound
to contribute to the excision of certain 3’ -mismatched nucleotides, a
function likely important in maintaining genetic integrity. Our efforts
continueto define the biochemical and mechanistic properties of this
essential and multi-functional mammalian DNA repair enzyme.

Single-Strand Break Repair Protein, XRCC1: XRCC1 has been
proposed to operate asacritical scaffolding factor in BER by binding
DNA single strand breaks (specifically nicksand gaps) and recruiting other
BER proteins, such as DNA polymerase 3. We are defining thein vitro and
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invivo functional consequences of specific XRCC1 interactions, aswell as
searching for novel complex partners. Additional analysisincludesdefining
the cellular phenotypes of XRCC1 mutant cell lines, and characterizing the
activities of site-specific mutant and variant XRCC1 proteins.

Structure-Function M echanism: Proteins of BER are often found to
complex with or to regulate the functional capacity of other pathway
participants. However, in many instances, the mechanism by which these
proteinsinteract or communicate isunknown. Through collaborative efforts
employing sophisticated biophysical techniques, most notably nuclear
magnetic resonance (NMR) spectroscopy, we are working to definethe
precise protein-protein contact interfaces and to determine the contribution
of protein- and DNA-dynamicsto pathway coordination.

Susceptibility Factors: A related areaof research includes determining the
impact of genetic variation on DNA repair function. It has been proposed
that certain genetic differencesfound in the human population will resultin
proteinsthat arelesseffective at repairing DNA damage, thusrendering the
affected individual more susceptibleto environmental or food agent
exposuresthat create DNA lesions. By defining the functional capacity of
variantsin the oxidative DNA damage response pathways, we are building
afoundation on which we can better predict the relationship of variation to
human disease and the aging process. Additional analysisincludes
evaluating the effect of environmentally-relevant metal ionson DNA repair
efficiency, with the belief that certain metal compoundswill inhibit specific
DNA repair responses.

Collaborators. VilhelmA. Bohr, M.D., Ph.D., Laboratory of Molecular
Gerontology, NIA; Mark R. Kelley, Ph.D., Department of Pediatrics,
Indiana School of Medicine; David Lowry, Ph.D., WR Wiley
Environmental Molecular Sciences L aboratory, Pacific Northwest National
Laboratory; Marit Otterlel, Ph.D., Institute of Cancer Research and
Molecular Biology, Norwegian University of Science and Technology;
Larry Thompson, Ph.D., Biology and Biotechnology Research Program,
Lawrence Livermore National Laboratory; Alan Tomkinson, Ph.D.,
Institute of Biotechnology, University of Texas Health Science Center at
San Antonio; Christine Walter, Ph.D., Department of Cellular and Structural
Biology, University of Texas Health Science Center at San Antonio; Teresa
Wilson, Ph.D., Department of Radiation Oncology, University of Maryland
School of Medicine.
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Fax 301-480-0335

Since 1986, our |ab has had avery simple philosophy: find the genesand
mutations which cause neurol ogical disease; take those genes and mutations
into cells; make animal (transgenic mouse) model s of them to better
understand the disease processes; and, use those modelsto test therapies.
Thissimple philosophy underpinsthe current organization of the lab.
However, for many diseaseswe have been interested in, particularly
Alzheimer’ sdisease (AD), all thegenesinvolved inthe simpleformsof the
disease have been identified (the amyloid gene and presenilin 1 and 2). For
Parkinson’ sdisease someof the‘ssimple’ genes have beenidentified
(synuclein and parkin) but othersremain undefined, and for frontal temporal
dementia, the tau gene has been identified but there arelikely to be others.
Increasingly for these diseases, and also for other diseaseswe areinterested
in, such as stroke, we will be searching for risk factor genes such asthe
apolipoprotein E geneinlate onset Alzheimer’ sdisease. A major focus of
work inthelab will be to develop and use strategies designed to find such
risk factor genes.

In Alzheimer’ sdisease, our work and that of others, suggested that
mutationsthat | ed to disease signposted a pathol ogic biochemical pathway
which led to disease pathogenesis. In AD, this pathway seemsto bethe
“amyloid cascade.” Wethink itislikely that thistype of relationship exists
between the different gene productsin other diseases and thisbelief informs
the cell biology work we undertake. Thus, we will be continuing to work
on Alzheimer’ sdisease cell biology, both the presenilinsand amyloid
precursor protein (APP), and with other pathogenic gene products aswe
and othersidentify them. This philosophy also underpins our work on the
cell biology of Parkinson’ sdisease and the other diseaseswe areinterested
in.

Finally, wewill be continuing to use this genetic information to help us
build animal models of disease which will be useful for developing an
understanding of the pathogeneses of the disease and for devel oping
treatmentsfor these devastating disorders.
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Biography: Dr. John Hardy is a human geneticist and molecular biologist whose
research interests focus on neurological disease. Dr. Hardy received his B.Sc. (Hons)
degree from the University of Leeds, UK (1976) and his Ph.D. from Imperial College,
London, UK where he studied dopamine and amino acid neuropharmacology. He

performed his postdoctoral training at the MRC Neuropathogenesis Unit in Newcastle upon Tyne, England and
then further postdoctoral work at the Swedish Brain Bank in Umea, Sweden where he started to work on
Alzheimer’s disease. He became Assistant Professor of Biochemistry at St. Mary’s Hospital, Imperial College,
London in 1985 and initiated genetic studies of Alzheimer’s disease there. He became Associate Professor in
1989 and then took the Pfeiffer Endowed Chair of Alzheimer’s Research at the University of South Florida, in
Tampa in 1992. In 1996 he moved to the Mayo Clinic in Jacksonville, Florida, as Consultant and Professor of
Neuroscience. He became Chair of Neuroscience in 2000 and moved to NIA as Chief of the Laboratory of
Neurogenetics in 2001. He has won the MetLife, the Allied Signal, the Paul and the Potamkin Prizes for his
work in describing the first genetic mutations, in the amyloid gene in Alzheimer’s disease, in 1991.
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The L aboratory of Neur ogenetics (L NG) will perform genome screens
for both our programsin neurodegenerative diseasesincluding stroke, as
well as provide the underpinning of thiswork in terms of bioinformaticsand
sample handling for the laboratory in general. In addition, our own research
focuswill be on the dementias, particularly late onset Alzheimer’ sdisease.
In thisdisease, apolipoprotein E isknown to be arisk factor locus, but
linkage studies suggest that there are ahandful of other genesstill to be
identified.

However, moregenerally, itisour intention to reach out to the extramural
community and work with colleagues, both within the United Statesand
abroad, to act asaresource for those who haveidentified interesting
neurological syndromeswhose el ucidation may provide more general
insights. For example, we have worked extensively on the Parkinson’s
Dementia Complex of Guam over thelast five years, and thisisthe type of
work we wish to engage in more actively over the next period. Weintend to
havean ‘openlab’ policy towards collaboratorswho haveidentified
interesting family material so that we can facilitate the process of finding
genesto those who do not have accessto * state of the art’ geneticsand
bioinformaticsfacilities.
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Collaborators: Andrew Lees, M.D., Martin Rossor, M.D., Huw Morris,
M.D., Nick Wood, M.D., Henry Houlden, M.D., Rohan DeSilva, Ph.D.,
University of London; Ron Peterson, M.D., Ph.D., Mayo Clinic; Lars
Lannfelt, M.D., Ph.D., UppsalaUniversity, Sweden; Bengt Winblad, M.D.,
Ph.D., Karolinskalnstitute, Stockholm; Alison Goate, Ph.D., Washington
University; Mike Owen, M.D., Ph.D., University of Wales, Dave Morgan,
Ph.D., University of South Florida; Karen Duff, Ph.D., New Y ork
University.
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Biography: Dr. Andrew Singleton is a human geneticist whose research interests
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degree from the University of Sunderland, UK and his Ph.D. from the University of
Newcastle upon Tyne, UK where he studied genetic causes and contributors to
performed his postdoctoral training at the Mayo Clinic in Jacksonville, Florida,

studying the genetic basis of neurological diseases such as dystonia, ataxia, essential tremor, dysautonomia,
stroke and Parkinson’s disease. In 2001 he joined the NIA as an Investigator within the newly created
Laboratory of Neurogenetics. Dr. Singleton’s group investigates the genetic and cellular mechanisms
underlying simple-Mendelian and complex neurological diseases.

Keywords:

neurogenetics
X-linked dystonia
Parkinson’s disease
parkinsonism

ataxia

stroke

dementia
hyperhidrosis

Recent Publications:

Payami H, et al. Mov
Disord 2003; 18(4): 425-
429.

Hardy J, et al. Lancet
Neurol 2003; 2(4): 221-
228.

Hardy J, et al. Science
2003; 300(5620): 739-740.

Hernandez D, et al.
Parkinsonism Relat
Disord 2003; 9(6): 317-
320.

Hague S, et al. Ann Neurol
2003; 54(2): 271-274.

Eerola J, et al. Neurology
2003; 61(7): 1000-1002.

Singleton AB, et al.
Science 2003; 302(5646):
841.

In recent years, an extremely successful approach to understanding disease
has arisen from the study of rarefamilial formsof disordersrelated to more
common “sporadic” disease. Thisisaresearch paradigm that was successful
in Alzheimer’ sdisease (AD). Theidentification of the APP, PS-1 and PS-2
mutations as causal of rareformsof early-onset familial AD led to ahuge
increasein our knowledge of the pathogenic mechanismsunderlying the
common late-onset form of AD. We are applying this approach to anumber
of disorders. Lubag or X-linked recessive dystoniaparkinsonism (XDP) isa
rareinherited movement disorder; however, given theclinical phenotype
associated with thisdisorder, delineation of the disease processin XDP will
beinformativefor Parkinson’ sdisease, dystoniaand related movement
disorders. Weare currently involved in apositional cloning project aimed at
identifying thisgene defect.

Our group, in collaboration with that of Dr. Gwinn-Hardy’sof NINDS,
employstwo clinical research coordinatorswho recruit and expand families.
In addition to XDP, we have actively recruited >300 familieswith ahistory
of various neurological diseases, including but not limited to parkinsonism,
dystonia, stroke, diffuse Lewy body disease, ataxia, essential tremor and
hyperhidrosis. Once again the aim of thisfamily collectionistoaidinthe
identification of genesimportant in the pathogenesis of disease. A direct
result of thiswork wasthe recent identification of agenetic triplication of
the a-synuclein gene causing Parkinson’ s disease (see Singleton, et al.
selected publications).
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With the beginning of the new millennium, we are entering the post genome
era. Now the vast majority of human genes have been sequenced and their
sequenceswill be available on theweb. Inthelast 10 years, the application
of molecular genetics hasled to the unraveling of the etiol ogies of many of
the single gene disordersthat |ead to neurodegenerative disease, but has
barely begun to alow the dissection of the more complex genetics of most
neurodegenerative disease which do not show simple patterns of
inheritance. The only genesthat have been unambiguously identified asrisk
factorsfor non-mendelian disordersare the prion geneiniatrogenic and
idiopathic Creuzfeldt Jakob disease (Collinge, et al. 1991: Palmer, et al.
1991), the apolipoprotein E genein Alzheimer’ sdisease (Corder, et al.
1993) and the tau genein progressive supranuclear palsy (Baker, et al.
1999); in the cases of both the prion and tau genes, there were good genetic
or pathologic reasonsfor suspecting their involvement in disease etiology
(Hsiao, et al. 1989, Flament, et al. 1991); thus, apolipoprotein E isthe only
neurodegenerativerisk-factor genefound, in part, through positional genetic
analysis(Pericak-Vance, et a. 1990).

It isto be expected that over the next decade, the application of molecular
genetic techniqueswill promote dissection of the etiol ogies of non-
mendelian neurodegenerative diseasesin general; however, the problems of
identifying risk factor loci for diseases with complex modes of inheritance
and in particular oligogenic (10 genes) and polygenic (>10 genes) disease
areformidable. Given the huge socio-economic impact of some of the
disordersof thisnature such asParkinson’ s disease and Alzheimer’ sdisease,
itisof paramount importanceto design aviable strategy for the delineation
of genetic predispositionin complex traits.

We aretackling the problems of complex diseasein anumber of ways. First,
weare studying rarefamilial forms of disease and then extrapolating the
function of genesinvolved to related conditions (as outlined above). One of
the methodol ogieswe are using to reach thisgoal isexpression analysis
using microarray technology. In collaboration with Dr. Mark Cookson, we
areanalyzing the effects of TorsinA, known to be mutated in certain forms
of idiopathic torsion dystonia, on the genomic expression pattern within
neuronal cells. Theideaof thisapproachisreally two-fold; first, to give us
anideaof pathologically relevant interactions/pathways and second, to
provide uswith candidate genesfor other positional cloning efforts. A
second techniquethat isaimed at simplifying complex traitsand identifying
genetic linkageisthe use of popul ation isolatesto simplify complex traits. A
similar paradigm has been used by DeCode Genetics, Inc. inIceland to
examine anumber of diseases. Other methodol ogies currently in usein the
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genera genetic community include sib-pair analysis, candidate gene

associ ation studies, whole genome associ ation studies and linkage
disequilibrium mapping. We employ some aspect of all of these techniques
inour sample seriesand it seems clear that rather than using one approach, a
complimentary battery of techniquesislikely to yield success. Furthermore,
asthe contribution of anindividual genetic defect to disease decreases,
geneticistswill havetorely increasingly on biology rather than statisticsto
prove pathogenicity.

Collaborators. Don Cleveland, Ph.D., University of California, San
Diego; Matthew Farrer, Ph.D., Mayo Clinic, Jacksonville; Karen Parko,
M.D., Shiprock Medical Center; Virgilio Evidente, M.D., Mayo Clinic,
Scotsdale; Sub Subramony, M.D., University of Mississippi Medical
Center; Horacio Kaufmann, Mount Sinai School of Medicine; Katrina
Gwinn-Hardy, M.D., National Institute of Neurologica Disordersand
Stroke, NIH; Robert Nussbaum, M.D., Nationa Human Genome Research
Institute, NIH; Henry Houlden, M.D., University College Medical School,
London, UK; Andrew Lees, University College Medical School, London,
UK.
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Fax 301-480-0335

E mail cookson@mail.nih.gov

Biography: Dr. Mark R. Cookson is a cell biologist whose current research interests
include the effects of mutations in the genes associated with neurodegeneration at
the cellular and molecular level. His laboratory efforts are directed at finding the
underlying pathways that lead to neuronal dysfunction and cell death. Dr. Cookson

received both his B.Sc. and Ph.D. degrees from the University of Salford, UK in 1991 and 1995, respectively.
His postdoctoral studies included time spent at the Medical Research Council laboratories and at the
University of Newcastle, Newcastle, UK. He joined the Mayo Clinic, Jacksonville, Florida, as an Assistant
Professor in 2000 and moved to the NIA in February 2002. Within the Laboratory of Neurogenetics,

Dr. Cookson’s group will continue to work on movement disorders such as Parkinson’s disease and dystonia,
attempting to understand mechanisms leading to neuronal damage.
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The group of neurodegenerative disorders collectively known asmovement
disorder sinclude adiverse set of conditions selectively affecting groups of
neurons along the neuraxis of the CNS. Several of these diseaseshaverare
formswhich areinherited in aMendelian fashion, and there are often
several different geneswhich, when mutated, can cause asimilar phenotype
in patients. The challenge isto understand how each gene product actsto
produce neuronal damage and to identify pathwaysleading to
neurodegeneration in human disease. Thisisnot only intellectually
challenging but may, one day, be used to underpin new treatmentsfor
neurological illness.

In Parkinson’ sdisease (PD), thereisastriking, although not entirely
selective, loss of dopaminergic neuronsinthe substantianigra. Thereare
several reported linkagesto PD in different families, with two causal genes
identified. The routes by which dominant mutationsin a-synuclein produce
cell lossarebeing explored. The“revealingillusion of selective
vulnerability,” where different neuronal groupsarelost at different rates, is
also of specificinterest. In PD, we are concerned with the selectivity of
dopaminergic cellsto synuclein-mediated damage. The specific relationship
between cell damage induced by dominant mutationsin o-synuclein and the
function of therecessive gene product, Parkin, are al so being investigated.
| dentification of substratesfor Parkin (an E3 ligase linked to the ubiquitin-
proteasome system) might lead usto better understand the downstream
pathway leading to cell death. We are currently trying to understand the
role(s) of DJ-1, arecently identified recessive genethat causes PD, in light
of our current understanding of a-synuclein and parkin mechanisms.
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Thisgroup isalso attempting to understand the nature of dominant
mutationsintorsinA, agene associated with therelated disorder tor sion
dystonia. In contrast to Parkinson’ sdisease, thereisevidencein dystoniaof
cellular dysfunction without underlying pathology. Therefore, amajor effort
isto understand the way in which torsinA mutationsalter cellular
physiology intermsof synaptic function. In both dystoniaand Parkinson’s
disease, we areinterested in the rel ationshi p between formation of
intracellular protein aggregates and cell dysfunction, how thesetwo
phenomenainteract and to what extent they can be dissociated.

There areanumber of related neurological conditions, which arebeing
explored in acollaborative manner. For example, amyotrophiclateral

scler osis, where thereisloss of motor neuronsin the spinal cord and motor
areas of the cortex, isan areathat we are beginning to explore. Asin PD,
there are several geneswhich, when mutated, can lead to this phenotype
and genes associated with dominant (SOD1) and recessive (ALSIN) forms
have been identified. One of the reasonsfor doing thisisthat there arelikely
to be common mechanismslate in the neurodegenerative pathway that are
similar indifferent disorders. Identification of which parts of the
neurodegenerative pathway are similar, and which are different, may give us
abetter understanding of the nature of specificity of neuronal damagein
these diseases.

We areinterested in applying specific techniquesto theidentification of
pathways |eading to neurodegeneration. One specific project that we have
started isto apply microar ray technology to cell culture models of
neurodegeneration. By examining altered patterns of gene expressioninthe
presence of several different genesthat produce similar phenotypes, weaim
to clarify the contribution of multiple gene productsto neurodegeneration
and to describethelikely order of each in acommon pathway.

Collaborators: Dr. Christopher Eckman, Mayo Clinic, Jacksonville;

Dr. Matthew J. Farrer, Mayo Clinic, Jacksonville; Dr. J. Timothy
Greenamyre, Emory University; Dr. Mark Mattson, L aboratory of
Neurosciences, NIA; Dr. Diane D. Murphy, Dr. Craig Blackstone, National
Institute of Neurological Disordersand Stroke, NIH; Dr. Leonardo
Petrucelli, Mayo Clinic, Jacksonville; Dr. Benjamin Wolozin, Loyola
University.
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Biography: Jaime Duckworth is a computational biologist whose research interests
focus on the application of informatics to biology and medicine. Jaime received her
B.S. in Biology (minor Chemistry) with the highest distinction from Purdue University,
Indiana, her B.S. in Electrical Engineering from Northern Jiao-Tong University and

M.S. in Computer Engineering from the Chinese Academy of Science in Beijing. Before she became the
facility head of the Computational Biology Section in the Laboratory of Neurogenetics in 2001, she was the
appointed liaison between Bioinformatics Science and Engineering, responsible for the Scientific Computing
in the Bioinformatics Department of GlaxoSmithKline Pharmaceutical Research and Development.
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The Computational Biology Facility provides Bioinformatics Support for all
research sectionsincluding the genotyping facility in the Laboratory of
Neurogeneticsand their collaborators. We act astrandatorsand integrators
between experimental science and digital technology. Weintegrate vast
amounts of dynamic datafrom all sources such as sequence, genomic,
genetic and proteomic datafrom the National Center for Biotechnology
Information, NIH, Ensembl, EBI, and our own laboratory aswell as
scientificjournalS/literatures. We apply the most advanced bioinformatics
toolsto the dataanalysis, beforewe present our interpretation and hopefully
afew workable leadsto the bench scientistsfor further investigations. We
help our |ab researchersvisualize multi-facet dataand assist themin
evaluating each line of evidence computationally. By doing so, wewish to
expeditelabor-intensivelaboratory dataanalysis and provideideasfor good
experimental designs, project prioritizationsand management. The
integrative and multi-species compar ative analysishas shown promising
leadsin finding functional elements—coding or non-coding regulatory
regions—among the genes closely examined by our laboratory such asDJ-
1, oo Synuclein and Tau genesaswell astheir alter natively spliced forms
and polymor phism.

In addition to Bioinformatics Support, our group has also been devel oping
toolsand interfacesto help thelaboratory digitalizing biological data. Our
intranet givesacentralized portal for browsing through internal dataand yet
having convenient linksto external information. In an effort to eliminate
duplicated patient dataentry, automate the genetic analysis pipelineand
facilitate datamining for factorsinfluencing longevity, health and age-
associated disease, our group has been working closely with our clinical
team and lab scientistsin designing and devel oping an integrative system for
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Clinical Genetic Research and Analysis. Thissystem will have the capacity
of LIMS (Laboratory Information Management System) to handlelarge
amount of high-throughput genetic datawith accuracy and convenience. It
manages dataflow, storage and retrieval in various aspectsof clinical and
genetic research on familiesand populationswith Clinical DataAcquisition
and Mining, Laboratory Sample Tracking, and Genetic Data Acquisition
and Mining modules. It places special attention on extensibility, security,
portability and ease of use. It aimsto eliminate unnecessary paper medical
records, sample mix-ups, heterogeneous dataformatsfor genotyping,
linkage/association and other downstream analysis. Through the reduction
of these common inconveniences, the system can significantly increase
research productivity, efficiency, effectivenessand robustnessfor large scale
familial and association studies. Moreover, we expect the system to have the
power, utility and accessibility aswell as confinement over other
conventional productsthrough Internet. Its data organization and
management facilities hel p researchers explore and discover both the genetic
and environmental factorsin determining normal and abnormal aging, by
examining patient medical/family historiesand crossgroup or popul ation
demographics. Meanwhile, itsmodularity, along with multi-level security,
ensuresthe coherent dataintegration of sequences, genomics, proteomics
and literature, without sacrificing the confidentiality of patient/laboratory
dataand the compliance of clinical research to the standard set by NIH.

Collaborators: Dr. Panka Agarwal, Computational Sciencesand
Biological Pathways, GlaxoSmithKline; Dr. Karen Kabnick,
GlaxoSmithKline; Dr. Vineet Bafna, University of CaliforniaSan Diego;
colleagues connected to the Laboratory of Neurogenetics, NIA.
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Biography: Dr. Huaibin Cai received his B.S. in Biology in 1991 from Peking
University, Beijing, China and his Ph.D. in Neuroscience in 1999 from the Johns
Hopkins University School of Medicine. He performed his postdoctoral training in the
Division of Neuropathology, Department of Pathology at the Johns Hopkins University

School of Medicine in Baltimore, Maryland. He joined the NIA Laboratory of Neurogenetics in 2003 as an
Investigator in the Computational Biology Section, Transgenics Unit.
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Resear ch Description: Studying the pathogenic mechanisms of
neurodegenerative diseases provides aunique opportunity not only to learn
how the nervous system functions but al so to devel op effective mechanism-
based treatmentsfor these devastating ilnesses. Devel opment of animal
model s of these diseaseswill provide avery useful tool for examining thein
vivo consequence of the underlying genetic mutationsand for testing
potential therapeutics. | am particularly interested in exploring the molecular
pathogenesisof Alzheimer’ sdisease (AD), Parkinson’ sdisease (PD) and
amyotrophic lateral sclerosis (AL S) by using acombination of invivo
genetically engineered animal modelsand in vitro neurobiological
approaches.

|. TheMolecular Pathogenesisof AD: A wide variety of studies
demonstrate that genetic mutationslinked to Alzheimer’ sdisease (AD)
invariably increase the production and deposition of amyloid 3 (AB)
peptides, strongly supporting theideathat excessive A3 accumulation
contributesto the pathogenesisof AD. A peptidesare derived from
amyloid precursor protein (APP) by endoproteolytic cleavages of BACEL
and y-secretase. Previously, we aong with others have demonstrated that
knockout of BACEZL in mice compl etely abolished the production of Ap.
Recently, we have crossed these BACEL knock mice with mutated APP and
presenilin 1 (PS1) transgenic mice. Wefound that formation of A
deposition, dystrophic neurites, aswell asastrogliosisand microgliosisare
completely prevented and cognitiveimpairmentsarefully rescued in these
BACEL null and APP/PSL tripletransgenic animals. Theseresultsstrongly
arguethat BACElisahigh priority therapeutic target for AD. However,
even though the BACE1 knockout mice are viable and show no major
pathological abnormalities, they do display subtledeficitsin explorative
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activitiesand spatial learning and memory suggesting that BACEL is
somehow important for the normal functions of the brain. In order tolearn
more about the biological functions of BACEL, we proposeto identify new
substratesor related proteinsfor BACEL other than APP family proteinsby
proteomics approaches. Because BACEL proteinismost abundant in
neurons and we are moreinterested in studying the functionsof BACELin
thebrain, wewill definethe proteinsthat display different expressionlevels
in BACE1 KO neurons. Once we have validated candidates, we will
examinetheir potential contributionsto the normal functionsof the nervous
system and pathogenesis of AD. In addition, we are also engaged in
identifying factorsthat regul ate either the stability or B-secretase activity of
BACEL

Another issue has not been fully addressed in AD ishow AR peptides or
their aggregates affect the functions of neurons. We plan to addressthis
guestion by generating aline of conditional APP transgenic miceinwhich
the APP transgeneis selectively expressed by asubset of neurons. By
comparing the morphological and physiological changes of wild-typetothe
adjacent mutant APP expressing neurons, we will be ableto determine
whether intracellular Ap actsin acell autonomous or in aheterologous
fashion to cause neuronal damages.

II. TheMolecular Pathogenesisof Mutationsin AL S2 and Dynactin:
Amyotrophiclateral sclerosis(ALS) isthemost common adult-onset motor
neuron diseases. AL Salso presentsin rare cases asajuvenile-onset disease,
and in asubset of these casesisinherited through mutationsin the ALS2
gene. Genetic analyses suggest that thistype of juvenile AL Sisassociated
withthelossof AL S2 function, presumably its guanine-nucleotide-
exchangefactor (GEF) activities. We have generated the AL S2 knockout
miceto model thistype of motor neuron disease to address thefollowing
guestions: what are the physiological function(s) of ALS2, and, how do
mutationsin AL S2 affect thisfunction?n conjunction, we have also used
yeast-two hybrid and co-immunopreci pitation approachesto identify the
upstream or downstream signaling pathwaysinwhich ALS2 isinvolved.

Recently, apoint mutation in Dynactin has been identified linked to motor
neuron diseases. Dynactin isan intrinsic component of the protein complex
mediating theintracellular transport. But, how the mutationin Dynactin
particularly affectsthe protein or vesicletransport, or other functionsin
motor neuronsisnot clear. We also have no clue about why this mutation
particularly causesthe problems of motor neurons. We arein the middle of
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devel oping Dynactin mutation knockin and conditional knockout mouse
model sto address these questions. Because defectsin axonal transportation
have been found in many different kinds of neurodegenerative disease,
these Dynactin mouse modelswill also shed light on some common
pathogenic pathways lead to the neuronal degeneration.

1. TheMolecular Pathogenesisof PD: Parkinson’sdiseaseisthe second
most common neurodegenerative disease. Recently, two recessive mutations
in DJ-1 have been identified that are linked to the Parkinson’ s disease.
There are many functions of DJ-1 that have been reported. But, how these
functionsarerelated to the normal function of dopaminergic neuronsinthe
basal ganglia, or why theloss of DJ-1 specifically causesthe death of this
small population of neuronsisnot clear. We have modeled thisgenetic
deficit in mice by knocking out DJ-1 gene. Meanwhile, we also havetried
to define DJ-1 interacting proteins by yeast-two hybrid screening and other
methods.

Collaborators: Don Price, M.D., Philip Wong, Ph.D., David Borchelt,
Ph.D., Jeff Rothstein, M.D., Ph.D., Rick Huganir, Ph.D., and Jeremy
Nathans, M.D., Ph.D., The Johns Hopkins University School of Medicine;
Mark Cookson, Ph.D. Laboratory of Neurogenetics, NIA; Julius Zhu,
Ph.D., University of Virginia; Bob Nussbaum, M.D., Genetic Diseases
Research Branch, National Human Genome Research Institute, NIH.
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Biography: Dr. Fabienne Wavrant-De Vriéze is a human geneticist whose research
interests focus on the genetics of neurological disease. Dr. Wavrant-De Vrieze
received her B.Sc. and Ph.D. from the University of Lille, France where she
investigated the discovery of new genetic factor contributing to Alzheimer’s disease.
Dr. Wavrant-De Vriéze performed her postdoctoral training at the Mayo Clinic in Jacksonville, Florida, studying
the genetic basis of neurological diseases such as Alzheimer and Guam’s disease. In 2003, she joined the
NIA as a Facility Head within the newly created Laboratory of Neurogenetics. Dr. Wavrant-De Vriéze's group is
helping to seek the genetic causes of diverse neurological diseases.

Keywords: Neurodegenerative diseases are compl ex diseaseswith diverse forms of
neurogenetics transmission within the same pathology. Indeed, disorders such as

dementia Alzheimer and Parkinson’ sdiseases can present asrarefamilial formsas
neurodevelopment well asmore common “ sporadic” forms. Consequently, the study of the

genome screen

linkage analysis genetic causes of these diseasesisdifficult. Thetwo most common

approachesthat are being used are association and linkage studies. Thefirst
Recent Publications: isbased on theinvestigation of candidate genes chosen according to their
Edland SD, et al. Neurosci biological function. By studying the segregation of their genotype and the
Lett 2003; 345(1): 21-24. transmission of the disease, genetic variation can beimplicated inthe

disease. The second kind of study uses genetic markersthat are spread out

through the whole genome. Statistical analysisallowsusto identify which

markersarelikely to belocated near agenethat isinvolved inthe

devel opment of the disease.

Themain goal of our group isto discover loci that have genesthat could
potentially beinvolved in the development of diverse pathology, and thento
study their association with disease. We are studying several forms of
dementia, aswell asother forms of neurodegenerative diseasesand
neurodevelopmental disorder. Currently, we are performing 3 genome
screensin collaboration with colleaguesfrom the NIH aswell aswith other
groups.

Thelast stage of the genome screen being performed on siblings affected by
thelate-onset form of Alzheimer’ sdisease (AD) will soon provide uswith
clues about which chromosomal region to focuson, in order to identify the
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gene(s) that contribute to this pathology. To date, only 1 gene hasbeen
identified asarisk factor for late-onset AD, the apolipoprotein E. Currently,
severa genesare being studied to establish if they arelinked to AD. Those
geneswere chosen according to their position on chromosomal loci that
were suggested to beinked to disease. Those chromosomal regionsare
sizeable, and they contain alarge number of genes. By refining the genome
screen and adding more samplesto the popul ation being studied, we hopeto
narrow down these genetic regionsand ultimately identify the genetic
variation contributing to disease.

Thetwo other genome screens are being performed on samplesthat present
neurodevelopmental diseases. Our collaborationswith Drs. Judith Rapoport,
NIMH, NIH, and Maximilian Muenke, NHGRI, NIH, consists of a 10cM
genome screen on familiesthat are affected by the childhood-onset form of
schizophrenia (COS) inthefirst case, while the pathology that we are
investigating in the second caseisthe Holoprosencephaly (HPE).

It isbelieved that COSis adisease which causes abnormal maturation of
certain brain structures precipitated by multiple genetic defects. Cytogenetic
abnormalities, which are due to changesin autosomes and sex
chromosomes, have been found to berelated to COS. Although twin and
adoption studies have shown that genetics has an influence on the cause of
COS, thelevel and nature of thiseffect isunclear (Kendler and Diehl,
1993). Althoughit’ sunclear whether schizophreniahasasingle cause or
multiple underlying causes, evidence suggeststhat it isapathol ogy likely
involving agenetic predisposition, aprenatal insult to the developing brain
and stressful life events. Therole of genetics haslong been established; the
risk of schizophreniarisesfrom 1 percent with no family history of the
iliness, to 10 percent if afirst degreerelative hasit, to 50 percent if an
identical twin hasit. But, it has not yet been determined which specific
genes causethe brain abnormalitiesrelated to COS.

HPE isadisorder in which the fetal brain does not grow forward and divide
asitissupposed to during early pregnancy. It isabirth defect that occurs
during thefirst few weeksof intrauterinelife. Although many children with
HPE have normal chromosomes, specific chromosomal abnormalities have
been identified in some patients. Thereisevidencethat in somefamilies,
HPE isinherited (autosomal dominant aswell asautosomal or X-linked
recessiveinheritance). Severa geneshavealready beenidentified that play a
rolein holoprosencephaly. Indeed, to date, four genes have beenidentified
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that cause HPE in somefamilies, but changesin these genesarefoundin
only 10-20% of patientswith HPE. Thus, more progress will be needed to
understand the causes of HPE in theremaining families.

Collaborators: Maximilian Muenke, M.D., National Human Genome
Research Institute, NIH; Judith Rapoport, Ph.D., National Institute of
Mental Health, NIH; Alison Goate, Ph.D., Washington University School
of Medicine; Mike Owen, Ph.D., University of Wales College of Medicine;
Lahiri Debomoy, Ph.D., IndianaUniversity School of Medicine; Pentti
Tienari, Ph.D., University of Helsinki, Finland; Giancarlo De Ferrarri,
Ph.D., University of Washington School of Medicine.
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The aging processin the nervous system shares many mechanismswith the
aging processin other organ systems. At the biochemical and molecular
levelssuch age-related changesinclude: increased oxidative damageto
proteins, DNA and lipids; perturbations of energy metabolism; and
alterationsin theregulation of cell proliferation and death. At thefunctional
level, both speed and accuracy of arange of behaviors, including cognition
and control of body movements, areimpaired. Dueto improved
preventative and therapeutic measuresfor cardiovascular disease and
cancers, the average age of our popul ation continuesto increase.
Unfortunately, accompanying theincreasein life span there hasbeen a
progressiveincreasein the numbersof personswith age-related
neurodegenerative conditions such as Alzheimer’ sdisease, Parkinson’'s
disease, Huntington’ sdisease, amyotrophic lateral sclerosisand stroke. Two
major goals of research at the L aboratory of Neurosciences (LNS) areto
understand normal aging of the nervous system at the cellular and molecular
levels, and to identify the mechanismsresponsiblefor age-related
neurodegenerative disorders. Knowledge gained in such basicresearchis
then being used by LNSinvestigatorsin preclinical studiesto develop
approaches (diet, lifestyle, drugsand cell therapy) for preventing and
treating these disorders.

The organization of the research projects being performed by LNS scientists
isasfollows:

Oxidative Stressand Calcium Regulation: Studiesby LNSinvestigators
have provided evidencethat excessive increases of oxygen freeradicalsand
intracellular calcium level sare major factors contributing to neuronal
dysfunction and degeneration in many different neurodegenerative disorders
of aging. Novel approachesto measuring and manipulating free radicalsand
intracellular calcium level sare being devel oped, and incorporated into
studiesof experimental animal models of neurodegenerative disorders, in
order to identify key alterationsthat result in damageto neuron in humans

187



188

with the disorders. Information gained from these studiesis being used to
develop treatments aimed at suppressing oxyradical production and
stabilizing cal cium homeostasisin neurons.

Apoptotic and Neur opr otective Signaling Pathways: A stereotyped
biochemical cascade of events occursin neuronsthat diein many different
age-related neurodegenerative disorders. Such “ programmed cell death” or
“apoptosis’ involvesactivation of proteolytic enzymes called caspases,
mitochondrial dysfunction and nuclear DNA fragmentation. LNS
researchers have shown that genetic mutationsthat cause Alzheimer’s
disease and amyotrophic lateral sclerosis predispose neuronsto apoptosis.
Ongoing work isidentifying the specific molecul ar triggersand
executioners of neuronal apoptosisin different neurodegenerative disorders
with the aim of developing drugsthat interact with and block the cell death
cascade. Thefact that someindividualsare ableto age successfully with
little or no evidence of neuronal degenerationintheir brains suggeststhat
the brain possesses cellular signaling mechanismsthat protect neurons
against adversity. A major effort of LNSinvestigatorsinvolvesthe
identification of such neuroprotective signaling pathways.

Neural Regulation of Energy Metabolism and Stress Responses: The
lifespan of organismsranging from wormsto mammals can beincreased by
genetic and/or dietary manipulationsthat affect energy metabolism. For
example, mutationsin theinsulin signaling pathway increase the lifespan of
C. elegans, and caloric restriction extendslifespan and enhancesinsulin
sensitivity inrodentsand monkeys. Studiesby L NS scientists suggest that
these same genetic and dietary factors can increase the resistance of the
organism to stress, and may protect neuronsin experimental model s of
neurodegenerative disorders. Recent findings of LNSinvestigators suggest
that the brain can control energy metabolism and lifespan. Studies have
shown that insulin signaling in the nervous system controlslifespanin C.
elegans, and that neurotrophic factor signaling in the brain controls
peripheral glucose metabolismin mice. Current studiesare aimed at
establishing the specific neura circuitsinvolved in theregulation of stress
responses and energy metabolism. The abilities of genetic and

pharmacol ogical manipulations of these pathwaysto modify neurona
damage and behavioral outcomein animal models of neurodegenerative
disordersare being tested.

Synaptic Signaling and Plasticity: Signaling at the synapse plays
fundamental rolesin both immediate brain functions such asvisual
recognition and responses, and body movements, and long-term changes
such aslearning and memory. Recent findings by LNSinvestigators suggest
that aterationsin synaptic signaling occur very early in the course of
Alzheimer’ sdisease and other age-rel ated neurodegenerative disorders. The



impact of oxidative stress, neurotrophic factor and cytokine signaling, and
genetic aberrancies on synaptic physiology are being examined. By
studying synaptic physiology, molecular biology and biochemistry in
normal aging and in animal models of neurodegenerative disorders, LNS
scientists hopeto identify the specific alterations underlying
neurodegenerative disorders.

Stem Cell Biology: Within the developing and adult brain, cellsexist that
are capable of proliferating and differentiating into neuronsand glial cells.
Such“neural stem cells’ hold great promisefor understanding brain
development and plasticity, and for implementing novel approachesto
maintaining or replacing neuronsin theaging brain. LNSinvestigatorsare
currently working to: 1) understand fundamental mechanismsthat control
stem cell proliferation and differentiation; 2) determine whether
abnormalitiesin neural stem cell regulation occur in aging and
neurodegenerative disorders; and 3) determine whether stem cell therapy
approacheswill have beneficial effectsin animal models of
neurodegenerative disorders.

Telomer ase: Telomeraseisan enzyme activity that prevents chromosome
shortening and may counteract the adverse effects of aging on cellular
DNA. LNS scientists have recently discovered that telomerase servesa
neuroprotectivefunction in experimental modelsrelevant to Alzheimer’s
disease and stroke. These findings suggest the possibility that restoration of
telomerasein neuronsin the adult brain may protect against age-related
neurodegeneration. Ongoing research isaimed at identifying the specific
mechanismswhereby telomerase affectsthe function and survival of
neurons. Thework involves production of transgenic micethat overexpress
the catal ytic subunit of telomerase, and molecular studiesaimed at
identifying signalsthat can stimulate the telomerase gene.

I nvertebrate Genetics: Fundamental mechanismsof aging have been
highly conserved during evolution, and many aspects of aging are
influenced greatly by genetics. Therefore, it isimportant to identify genes
that either promote or hinder successful aging of the nervous system. The
discovery of such genes, and the establishment of their normal functionsand
involvement in aging and disease, can be greatly facilitated by invertebrate
molecular genetic approachesin species such asthefly Drosophila
melanogaster and the roundworm C. elegans. The LNS aimsto take
advantage of the power of such invertebrate systemsto identify new genes
involved in aging and neurodegenerative disorders. Oncethe genesare
identified, their human homologueswill be cloned, and their normal
functionsand possiblerolesin neurodegenerative disorderselucidated in
mammalian systems.
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I nflammatory Processes: Inflammation-like changes occur inthe brain
during aging and in neurodegenerative disorders. These changes may
include both innate (intrinsic) and acquired (involving circulating immune
cells) immuneresponses. Work at the LNS suggeststhat somesignaling
pathwaysinvolved in theinflammatory process may be beneficial for
neurons, whereas others may be detrimental. The mechanismsfor activation
of such inflammatory processes, and how such processes affect neuronal
function and survival, are being examined. Based upon the knowledge
gained from thiswork, novel preventative and therapeutic strategiesfor
Alzheimer’ sdisease and related disorders are being devel oped.

Behavior: Difficultieswith learning and memory, motor problems, and
anxiety and depression are among the most prominent problemsthat result
from age-related aterationsin brain function. In an effort to understand the
biochemical and molecular aterationsresponsiblefor such behavioral
disordersof aging, LNSinvestigators are devel oping technol ogiesfor
guantifying variousrelevant behaviorsin rodents and monkeys. Tests of
learning and memory and motor function are being used to determine
changesin these behaviorsthat occur during usual aging, and in animal
modelsof Alzheimer’ sand Parkinson’ sdiseases. Genearray technology is
being used to identify genesthat exhibit increased or decreased expression
in association with age-related or disease-specific behavioral deficits.

Diet and Lifestyle: It isbecoming increasingly appreciated that diet and
daily habits can have amajor impact on both risk for and severity of
neurodegenerative disorders. A major effort at the LNSisaimed at
identifying dietary and lifestylefactorsthat may either promote or ward-off
neurodegenerative disordersof aging. LNSinvestigators have discovered
that when rats and mice are maintained on adietary restriction regimen
(reduced calorieintake with maintenance of micronutrient levels), neurons
intheir brainsare moreresistant to dysfunction and degenerationin
experimental modelsof Alzheimer’ sdisease, Parkinson’ sdisease,
Huntington’ sdisease and stroke. Ongoing projects are el ucidating the
molecular and cellular basis of thisbeneficial effect of dietary restriction.
Recent findingsindicate that dietary restriction inducesincreasesinthe
levelsof neurotrophic factorsand “ stressproteins” in brain cells. Inrelated
projects, the effects of “environmental enrichment” and physical activity on
gene expression and neuronal vulnerability in experimental models of
neurodegenerative disordersisbeing examined.



Laboratory of Neurosciences Staff

Officeof the Chief
Mark P. Mattson

Ledlie Regulski
KarenHarris

Cellular and M olecular Neur osciences Section

Mark P. Mattson
Roy Cutler

Dong Liu
Ruigian Wan
Peisu Zhang

Sic Lung Chan
Zhihong Guo
InnaKruman
EphramYavin
Chengbiao Lu
Weiming Fu
Navin Maswood
Su Zhang

Aiwu Cheng
Wenzhem Duan
VeerendraHalagappa
JinzheMao
Hae-Ryong Park
Xiangru Xu

Ittai Bushlin
Titilolalyun
Benjamin Kabbingu
AnitaTammara
Jeremy Wilkinson
Kenneth Thompson
Hongyan Tang
Ouyang Xin

| steaq Ahmed
Frank Haberman
Norman Haughey
Hai Yang Jiang
Hsing-Cheng Liu
Xuehong Shang
Christopher Wu

Chief, Senior Investigator
Kimberley T. Joseph Laboratory Office Manager

Editorial Assistant
Secretary

Senior Investigator
Biologist
Biologist
Biologist
Biologist
Research Scientist
Research Scientist
Research Scientist
Research Scientist

Senior Research Fellow

Research Fellow
Research Fellow
Research Fellow
Postdoc IRTA Fellow
Postdoc IRTA Fellow
Visiting Fellow
Vigting Fellow
Vigting Fellow
Vigting Fellow
Postdoc IRTA Fellow
Student IRTA Fellow
Student IRTA Fellow
Student IRTA Fellow
Student IRTA Fellow
Student IRTA Fellow
Research Assistant
Research Assistant
Specid Volunteer
Specid Volunteer
Specid Volunteer
Specid Volunteer
Specid Volunteer
Specid Volunteer
Specid Volunteer

Invertebrate M olecular Genetics Unit

Catherine Wolkow
Mark Wilson
Minazi S. Gami
David Chow
Keaton Hanselman
Wendy |ser

Investigator

Biologist

Visiting Fellow
Postbac IRTA Fellow
Postbac IRTA Fellow
Student IRTA Fellow

Stem Cell Biology Unit

Mahendra Rao
Y ongquan Luo
Tobi Limke
Jingli Cai
YingLiu
Haipeng Xue
Jihan Osborne
Takumi Miura
Mark Weiss

Investigator

Biologist

PRAT Fellow
Research Assistant
Research Assistant
Research Assistant
Postbac IRTA Fellow
Visiting Fellow

Senior Research Associate

Synaptic Physiology Unit
Katsutoshi Furukawa Investigator

PameaYao
Y ueWang

Biologist

Postdoc IRTA Fellow

Drug Design and Development Section

Nigel Greig
Harold Holloway
Tracy Ann Perry
Qian-ShengYu
Weiming Luo

Senior Investigator
Biologist

Visiting Fellow
Research Associate
Research Associate

191



Mark P. Mattson, Ph.D., Senior Investigator
Chief, Cellular and Molecular Neurosciences Section

Gerontology Research Center
Room 4-F-01

Phone 410-558-8463

Fax 410-558-8465

E mail mattsonm@grc.nia.nih.gov

Biography: Dr. Mattson received his Ph.D. in Biology from the University of lowa in
1986. After 3 years of postdoctoral studies in Developmental Neuroscience at
Colorado State University, Dr. Mattson took a faculty position at the Sanders-Brown

Research Center on Aging at the University of Kentucky Medical Center where he was promoted to Full
Professor in 1997. Dr. Mattson is currently Chief of the Laboratory of Neurosciences at the National Institute
on Aging, and Professor of Neuroscience at Johns Hopkins University. He is Editor-in-Chief of the Journal of
Molecular Neuroscience, and a Managing or Associate Editor of the Journal of Neuroscience, Journal of
Neurochemistry and Journal of Neuroscience Research. In addition, he has edited 7 volumes in the areas of
mechanisms of cell death, aging and age-related neurodegenerative disorders. Dr. Mattson has received
numerous awards including the Metropolitan Life Foundation Award and the Alzheimer’s Association Zenith
Award. He is considered a leader in the area of cellular and molecular mechanisms underlying neuronal
plasticity and neurodegenerative disorders, and has made major contributions to understanding of the
pathogenesis of Alzheimer’s disease, and to its prevention and treatment. Dr. Mattson has published more
than 270 original research articles and more than 60 review articles.
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A multifaceted array of experimental models of aging and age-related
neurodegenerative disorders are being employed in Dr. Mattson’ slaboratory
in order to establish the molecular and biochemical changesthat occur
during aging and in disorders such as Alzheimer’ sdisease (AD),
Parkinson’ sdisease (PD) and stroke. Data obtained in these experimental
modelsare integrated with data obtained in studies of both normal elderly
humans and patientswith neurodegenerative disordersto arrive at
conclusions asto why neuronal dysfunction and degeneration occur inthe
disorders. In addition to identifying the molecular and cellular alterations
that lead to neuronal degeneration in age-related neurol ogical disorders,
investigatorsare elucidating the cellular signaling mechanismsthat allow
successful brain aging.

Although specific brain regions are more severely affected in agiven age-
related neurodegenerative disorder (e.g., hippocampusin AD and substantia
nigrain PD), each disorder appearsto involve similar biochemical and
cellular cascadesthat ultimately lead to dysfunction and death of the

neurons. Specific components of such cascadesinclude oxidative damageto

proteins, lipidsand DNA; metabolic compromise resulting from impaired
glucose metabolism and mitochondrial dysfunction; and overactivation of
glutamate receptors and disruption of neuronal calcium homeostasis. Each
of these cascadesisimplicated in the pathogenesis of AD, PD and stroke.
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Dr. Mattson’ slaboratory has played amajor rolein elucidating such
neurodegenerative cascades, and is currently working to advance our
understanding of the molecular and biochemical underpinningsof age-
related neurodegenerative disorders. They have shown that genetic
mutationsthat cause AD predispose neuronsto apoptosis. Ongoing work is
identifying the specific molecul ar triggers and executioners of neuronal
apoptosisin different neurodegenerative disorderswith the aim of
developing drugsthat interact with and block the cell death cascade. Several
different experimental modelshave proven valuablein elucidating cellular
and molecular mechanisms, and in devel oping novel preventativeand
therapeutic strategies. Modelsof AD being employed include transgenic

mice that have been engineered to express mutant genes known to cause
early-onset inherited AD, modelsof PD include administration of thetoxin
MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine), and model s of
strokeincludetransient occlusion of the middle cerebral artery inratsand
mice.

Perhaps of equal importance to knowledge of the molecular and cellular
mechanismsthat result in neuronal dysfunction and death in age-rel ated
neurodegenerative disorders, isabetter understanding of successful brain
aging at the cellular and molecular levels. It isclear that such “anti-aging”
signaling mechanisms exist because someindividuals can livefor morethan
acentury with very littledeclineintheir cognitive or motor capabilities. A
major goal of researchin Dr. Mattson’ slaboratory istoidentify thecellular
signaling mechanismsthat promote the survival and plasticity of neurons
during aging. They have shown that signaling pathways activated by
neurotrophic factorsand certain cytokines can increase resistance of neurons
to degeneration in experimental model s of neurodegenerative disorders. The
specific molecular and biochemical changesthat participatein such
beneficial signaling mechanismsare currently under study.

Synapses are sites of where neurotransmission and trophic factor signaling
occurs. Synaptic signaling pathways play fundamental rolesin both
immediate brain functions such asvisual recognition and responses, and
body movements, and long-term changes such aslearning and memory.
Recent findingsin Dr. Mattson’ slaboratory suggest that alterationsin
synaptic signaling occur very early in the course of AD and other age-
related neurodegenerative disorders. Theimpact of oxidative stress,
neurotrophic factor and cytokine signaling, and genetic lesions on synaptic
physiology are being examined. Work is currently focussing on synaptic
physiology, molecular biology and biochemistry in experimental animal
models of neurodegenerative disorders.
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In studiesaimed at identifying preventative and therapeutic strategiesfor
neurodegenerative disorders, thelaboratory has shown that ratsand mice
maintained on adietary restriction (DR) regimen exhibit increased resistance
to degeneration of hippocampal neuronsin modelsof AD, increased
resistance of substantianigradopaminergic neuronsin modelsof PD, and
increased resistance of cortical and striatal neuronsin stroke models.
Interestingly, DR increases neurogenesisin the hippocampus which may
possibly contribute to enhanced cognitive function and resistanceto injury.
The cellular and molecular mechanismsthat mediate the beneficial effects of
DR on brain plasticity and resistanceto injury are being studied.

DNA damageincreasesin brain cells during aging and may be animportant
trigger of cell death in neurodegenerative disorders. A better understanding
of mechanisms of DNA damage and repair may therefore providea
foundation for devel oping novel approachesfor preventing neuronal
degeneration. Investigatorsin Dr. Mattson’ slaboratory haveidentified
genetic and environmental factorsthat may promote or prevent DNA
damage and its adverse consequencesin the nervous system. An example of
recent findingsinclude the demonstration that folic acid deficiency can
sensitize neuronsto DNA damage and death in experimental model s of
Alzheimer’ sdisease and Parkinson’ sdisease. Low levelsof dietary folic
acid result in an elevation of homocysteinelevels. Homocysteineimpairsthe
ability of neuronsto repair DNA damage resulting inincreased uracil
misincorporation and oxidatively modified DNA bases. |n another set of
studies LNS scientists have shown that telomerase, areverse transcriptase
that prevents chromosome shortening in mitotic cells, can protect neurons
against DNA damage-induced apoptosis. Additional studieshave
established rolesfor telomerasein brain development whereit appearsto
promote neuroblast proliferation and the survival of early postmitotic
neurons. Telomeraseisnot normally expressed in neuronsin the adult brain,
but LNS scientists have generated transgenic mice that do expressthe
telomerase protein in neurons and aretesting the hypothesisthat their
neuronswill be protected against damagein experimental models of age-
related neurodegenerative disorders.

Strokeisthe major neurological cause of disability and death worldwide.
Researchin Dr. Mattson’ slaboratory isrevealing the molecular mechanisms
responsiblefor neuronal death after astroke, and isdeveloping novel
therapeutic strategiesfor improving outcomein stroke patients. A mouse
stroke model in which the middle cerebral artery isoccluded resulting in
highly reproducible damageto the cerebral cortex and associated sensory-
motor dysfunction isemployed in combination with studies of cultured brain
cells. Two examples of ongoing major effortsare projectsthat target the
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tumor suppressor protein p53 and mitochondrial ATP-sensitive potassium
(Mito-KATP) channels. Using molecular and biochemical analysesit has
been established that p53 playsacritical rolein aform of programmed cell
death that occursin neurons after astroke. In collaboration with the Drug
Design and Development Section, a panel of chemical inhibitors of p53 has
been synthesized and screened for efficacy in protecting neurons agai nst
ischemicinjury in culture and against stroke-induced damagein mice.
Several highly effective p53 inhibitors have been identified, two of which
readily crossthe blood-brain barrier and are effectivewhen given
intraperitoneally. Thelead agent isbeing moved toward phasel clinical
trials. Inasecond project, it was discovered that adrug called diazoxide,
which opens Mito-KATP channels, isvery effectivein reducing brain
damage and improving functional recovery following astrokein mice. This
drug has already been approved by the FDA for other indications, and it is
therefore hoped that it can beusedin clinical trialsin human stroke patients.
By studying mice with targeted disruption of specific genesbelieved to play
aroleinthe pathogenesis of stroke, investigatorsare working to identify
additional therapeutic targets.

A magjor effort isunderway to determine whether abnormalitiesinthe
process of neurogenesis, the production of new nerve cellsfrom neural stem
cells, occur in aging and age-rel ated neurodegenerative disorders. The
proliferation, differentiation and survival of neural stem cellsinthe
hippocampus and subventricular zone/cerebral cortex are being assessedin
mouse models of Alzheimer’ sdisease, Parkinson’ sdisease and stroke.
Studies of transgenic mice expressing mutant forms of amyloid precursor
protein and presenilin-1, which causeinherited forms of Alzheimer’ sdisease
in humans, exhibit defectsin neurogenesis. These abnormalities appear to
result from increased production of the amyloid beta-peptide and perturbed
calciumregulationinthe neural stem cellsand their progeny. In other
studies, the signal sthat regul ate the differentiation and survival of neural
stem cellsare being elucidated. Investigatorsin the Cellular and Molecular
Neurosciences Section have shown that nitric oxide and brain-derived
neurotrophic factor can promote neurogenesis. Interestingly, neurogenesis
can be affected by diet —cal oric restriction and dietary supplementation with
folic acid stimulate neurogenesi s suggesting amechanism whereby dietary
factorsmay modify brain aging and risk of neurodegenerative disorders.

Sphingomyelin and cholesterol areimportant components of the plasma
membrane of neuronswhereit functionsin cellular signal transduction and
cellular responsesto stress. By analyzing spinal cord and brain tissuesfrom
human patients and mouse models, investigatorsin thissection of theLNS
have shown that profound abnormalitiesin sphingomyelin metabolism
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occur inamyotrophic latera sclerosis(ALS) and Alzheimer’ sdisease. The
aterations, which include accumulation of long-chain ceramidesand
cholesterol esters, occur prior to neuronal degeneration and functional
deficitsinthe mouse models. Moreover, agentsthat inhibit sphingomyelin
synthesis or metabolism can protect neuronsfrom being damaged and killed
in experimental modelsof ALSand Alzheimer’ sdisease, suggesting that the
abnormalitiesin lipid metabolism are central to the disease process.

Collaborators: GeorgeMartin, M.D., University of Washington; Junying
Y uan, Ph.D., Harvard University; Te Pandita, Ph.D., ColumbiaUniversity;
Joseph D. Buxbaum, Ph.D., Mount Sinai School of Medicine; Frank
LaFerla, Ph.D., University of Californialrvine; Jonathan Geiger, Ph.D.,
University of Manitoba; William Markesbery, M.D., University of
Kentucky; D. Alan Butterfield, Ph.D., University of Kentucky; Don Gash,
Ph.D., University of Kentucky; James Herman, Ph.D., University of
Cincinnati; Jorge Busciglio, Ph.D., University of Californialrvine.
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Catherine A. Wolkow, Ph.D., Investigator
Invertebrate Molecular Genetics Unit

Gerontology Research Center
Room 4-E-10
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Fax 410-558-8323
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Biography: Dr. Wolkow received her Ph.D. in 1997 in molecular biology and genetics
from the Johns Hopkins University School of Medicine where she studied the
regulation of transposition target site selection in bacteria. Moving to Boston, she

carried out postdoctoral research as a research fellow of the Leukemia and Lymphoma Society with joint
appointments at the Massachusetts General Hospital and Harvard University. During this period, Dr. Wolkow
investigated longevity control by insulin-like signaling in C. elegans. This work forms the basis for current
studies into the neuronal pathways under control of insulin-like signaling in C. elegans. She is also expanding
her research program to investigate genes necessary for successful nervous system aging.
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Geneticsof Longevity in C. elegans. The nematode, C. elegans, isquickly
becoming afavorite organism for studying the genetics of longevity. Under
laboratory conditions, wild-type C. elegansadultshave a2 to 3-week
lifespan. Genetic mutations have been identified which allow wormsto live
up to threetimeslonger. The molecular identification and characterization of
the genesresponsiblefor these mutant phenotypes has provided new
insightsinto pathways controlling lifespan. In particular, we have learned
that multiple pathways control longevity in C. elegans. Some of these
lifespan pathwaysinteract, while others function independently of therest.
In addition, C. eleganslifespan can belengthened by caloric restriction, as
has been documented for other species. Humans and nematodes share many
of the same genes, so it islikely that human longevity will be controlled by
some of the same genesthat control C. eleganslifespan. Thus, studies of
genetic control of longevity in C. eleganswill help to reveal mechanisms
that also control human longevity.

Insulin Control of L ongevity: Mutationsdisrupting insulin-like signaling
in C. elegansdramatically increaselifespan and enhance stressresi stance.
Animalslacking afunctional insulin receptor or PI(3)K, encoded by the
genesdaf-2 and age-1, respectively, livetwo to threetimeslonger than
wildtype. Insulin-like control of longevity has been documented in other
speciesaswell. Fruitflieswith defectiveinsulin-like signaling survivelonger
than wild-type and micelacking growth hormone display extended
longevity.

Laboratory of Neurosciences 197


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99394801&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99394801&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99394801&dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99394801&dopt=Citation

198

The components of insulin-like signaling pathways are conserved from C.
elegansto humans. The C. elegans genome contains 37 genes encoding
insulin-like genes, all potential ligandsfor the DAF-2/insulin receptor. Once
activated, the DAF-2/insulin receptor transduces signalsintracellularly via
IST-1, ahomolog of vertebrate IRS1-4, and viaAGE-1/AAP-1, comprising
the p110 catalytic subunit and p55 adaptor subunit of PI(3)K. Thelipid
products of AGE-1 activate downstream S/T kinases, PDK-1and AKT-1
and —2. DAF-18, ahomol og of the vertebrate PTEN lipid phosphatase,
antagonizes DAF-2 signaling. Signaling downstream of DAF-2 antagonizes
the activity of theforkhead transcription factor DAF-16. When DAF-2
signalingisdisrupted, DAF-16 isactive and can activate the expression of
target genesrequired for long lifespan. Many putative DAF-16 target genes
have been identified, including ctl-1, encoding a cytosolic catal ase, and sod-
3, encoding Mn-SOD. One hypothesisisthat DAF-16 targets expression
enhance stressresistancein daf-2 mutants, thereby extending lifespan.

Insulin-likesignaling in neuronsisrequired for normal lifespanin C.
elegans. Anima swith insulin-like signaling restricted to non-neuronal cell
typeslive aslong as daf-2 pathway mutantswith no insulin-like signaling at
al. A major project inthislaboratory isto define how neurons control
longevity. Wewill determinewhether specific neurons control lifespan and
identify downstream pathways of insulin-like signaling in the nervous
system.

Anindependent, but related, research direction istheidentification of new
components of insulin-like signaling pathways. Many signaling pathways
important in the human nervous system utilize the same pathway
components asdoesinsulin-like signaling in theworm. By using the worm,
new components of these pathways can be quickly identified. A genetic
screen for mutations suppressing adevel opmental arrest phenotype of age-
1/PI(3)K(-/-) mutants was used to identify nearly 40 independent mutations
in genesthat may normally function to antagonizeinsulin-like signaling. We
are actively pursuing molecular identification of these genes.

Successful Nervous System Aging: TheWorm’sTale: Inhumans,
nervous system function declines significantly asaconsequence of aging.
Even healthy aged individualsdisplay |osses of nervous system function, for
example, the progressiveloss of sensory and motor function. To understand
the changesthat accompany aging in the nervous system, it isimportant to
identify the critical components of the cellular machinery mediating nervous
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system function. Our strategy for contributing to thiseffort isto usethe
worm to identify geneswhose function isrequired for successful nervous

systemaging.

Relatively littleisknown about nervous system agingin C. elegans.
Members of the IMG unit are characterizing how C. elegans nervous system
function changes during aging. We will then use these findingsto design
genetic screensfor mutations disrupting successful nervous system aging.
Cloning and characterizing these geneswill enable usto identify the critical
componentsfor successful nervous system aging.

C. elegans can also be used to identify genesthat are critical in neurona
degenerative processes. Strategiesfor inducing neuronal degenerationin
other models, such asMPTP treatment or induction of oxidative stress, will
be examined for their effects on nematode nervous system function. Again,
genetic screenswill be used to identify mutants affecting theanimal’s
sengitivity to these treatmentsin order to identify genesthat arecritical for
resistanceto these stresses.

Finally, theIMG unit will use C. elegansasatool for rapidly screening
compoundsthat can mimic longevity extension of caloric restriction. Several
studies have documented thefact that C. elegans|ifespan isextended by
dietary restriction, as has been shown for other species of invertebrates and
vertebrates. In addition, caloric restriction has been shown to enhance stress
resistance in nematodes and other species and may thereforeaidin
successful aging. However, it may be difficult to convince the human
population to submit to dietary restriction voluntarily. An alternative strategy
istoidentify chemical compoundswhich are non-toxic and mimicthe
effectsof caloric restriction. In collaboration with other labsinthe LNS,
chemical compoundswill berapidly screened for lifespan-extending effects
in C. elegansand lead compoundsidentified in such screenswill befurther
characterized for effects on mammalian aging phenotypes.

Summary: Theresearch program of the IMG unit istargeted to provide a
comprehensive understanding of how aging affectsthe nervous system.
Studies of neuronal insulin-like control of longevity will identify factorsthat
determine longevity and help us understand how lifespan could be
increased. These studiesalso investigate therole of stressresistancein
longevity control. Nervous system aging in normal and challenged
backgroundswill reveal gene productscritical for successful aging.
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Nematodeswill also be useful for rapidly identifying chemical compounds
affecting longevity that may offer therapeutic potential in humans. Together,
thiswork will provideinsight into challenges confronting the aging nervous
system aswell as strategiesfor coping with them.

Collaborators: Eric Bachman, M.D., Ph.D. and Bradford B. Lowell,
M.D., Ph.D., Beth Israel Deaconess Medical Center, Division of
Endocrinology; Frank Rothman, Ph.D., Brown University; Angelo Russo,
M.D., Ph.D., National Cancer Institute, Center for Cancer Research, NIH;
Daemyung Kim, Ph.D., Changjn University, Department of Genetic
Engineering; Gary Ruvkun, Ph.D., Massachusetts General Hospital,
Department of Molecular Biology and Harvard University, Department of
Genetics.
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Biography: Dr. Mahendra S. Rao received his M.D. from Bombay University in India
and his Ph.D. from the California Institute of Technology in 1991. After completing

’l postdoctoral training with Dr. S. Landis at Case Western Reserve and Dr. D. J.
Anderson at California Institute of Technology, he joined the University of Utah as an

Assistant Professor in 1994. He was promoted to an Associate Professor and awarded tenure in 1999. At
Utah he began a new line of investigation which was to define the molecular events that underlie
differentiation of the central and peripheral nervous system. In 1999 he was honored by the American
Association of Anatomists as the C.J. Herrick Young Investigator and the University of Utah recognized his
abilities by awarding him early tenure and promotion to Associate Professor. Dr. Rao is the Head of the stem
cell group in NIA’s Laboratory of Neurosciences.

Keywords:

stem cells

aging
neurobiology

ES cells

neurons
strocytes
oligodendrocytes

Recent Publications:

Lee J, et al. Dev Biol 2003;

253: 84-98.

LuoY, et al. Stem Cells
2003; 21: 575-587.

Cheng A, et al. Dev Biol
2003; 258(2): 319-333.

Pevny L, etal. Trends

Neurosci 2003; 26(7): 351-

359.

Overview: A fundamental breakthrough in our understanding of nervous
system devel opment wastheidentification of multipotent neural stemcells
(neurospheres) about ten years ago. Dr. Weiss and colleagues showed that
EGF (epidermal growth factor) dependent stem cells could be harvested
from different brain regionsat different developmental stagesandthat these
could be maintained over multiple passagesin vitro. Thisinitial finding has
lead to an explosion of research on stem cells, their rolein normal
development and their potential therapeutic uses. Many investigators have
entered thisfield and the progress made has been astounding.

My group inthe Laboratory of Neurosciences, Stem Cell Biology Unit
focuses on the cellular and molecular mechanismsthat regul ate the
proliferation, differentiation and survival of neural progenitor cellsinthe
brain and spinal cord during development and in the adult. Thisresearchis
based firmly on the concept that the same signaling mechanismsthat
regulate devel opment and plasticity of the nervous system are altered during
aging and in age-related neurodegenerative disorders. Accordingly, an
understanding of developmental mechanismsislikely to lead to novel
approachesto preventing and treating neurological disordersof aging.
Ongoing researchisdivided into four interrelated areas: 1) Signal
transduction mechanismsregulating the proliferation, differentiation and
survival of embryonic stem cellsand pluripotent neural stemcells. 2)
Cellular and molecular alterationsthat occur in neural stem cellsduring
aging and in age-related neurodegenerative disorderssuch asAlzheimer’s
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and Parkinson’ sdiseases. 3) Elucidation of the mechanismswhereby
environmental factorssuch asdiet, and intellectual and physical activity
affect neural stem cells. 4) Development of novel stem cell therapy-based
approachesfor repairing the aging and diseased nervous system.

Molecular MechanismsThat Regulate Stem Cell Differentiation into
Neuronsand Glia: We areworking to define the molecular and cellular
interactionsthat instruct pluripotent cellsto differentiateinto cellsrestricted
to aparticular phenotype. The current focusison characterizing the
neuroepithelial precursor cell that givesriseto the central and peripheral
nervous systemin mammals. These precursor cellsdifferentiate fromthe
epithelium and form the neural plate that subsequently foldsto formthe
neural tube. At or around the time of neural tube closure some
neuroepithelial cellsare excluded from the neural tube and form the neural
crest. Available evidence suggeststhat the neuroepithelial precursors may be
heterogeneousin terms of trophic dependence and developmental potential.
We are examining the properties of the neuroepithelial precursor that is
present in the caudal neural tube and generatesthe spinal cord and neural
crest cellsof thetrunk region. Differentiation into spinal cord and neural
crest cellshas been studied in many different speciesincluding chick,
xenopus, and mouse using transplantation, cell cultureand single cell
injections. Our data suggest that individual cellsinthe neural tube are
pluripotent and can giveriseto neural tube cellsaswell asto crest cells.
Furthermore, the repertoire of responses of individual precursor cells
becomes progressively restricted during development. Thus, neural
development appearsto involve asequence of eventsin which multipotent
stem cellsundergo progressive developmental restrictionto giveriseto
terminally differentiated phenotypes. Our studies of neuroepithelial
precursors are focused on addressing thefollowing questions: 1) What are
the environmental signalsor factorsthat specify the phenotypic fate of
neural precursor cells? 2) What stage of development do thesefactors
regulate? 3) Can weidentify the earliest phenotypic and antigenic changes
that distinguish arestricted precursor cell from more pluripotent cells?4)
Arethesefactorsinvolved in known disorders of the nervous system and
neural crest development?We have chosen to address these questions by
analyzing neuroepithelial development in miceto take advantage of known
mutants and recently generated transgenic mice. We plan to focus on two
different lineagesthat arise from the caudal neural tube, namely, the neural
crest stem cell and the central nervous system stem cell. Our strategy in both
systemsisto combinein vitro culture and clonal analysisexperimentsandin
Vivo expression and perturbation studiesto identify environmental signals
that influence differentiation. Some of our recent findingsare asfollows:
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Differentiation of CNS Stem Cells. We have begun studying differentiation
by establishing culture conditionsthat maintain stem cellsinan
undifferentiated state and thereby allow initiation of the differentiation
process by removal of the proliferative signals. To datewe haveidentified
neuronal restricted precursors (NRP1s) and glia restricted precursors
(GRPLs) that can beisolated from fetal and adult tissue using cell surface
markers. We have used degenerate PCR to identify cell-specific molecules
expressed at specific stage of development. Preliminary results have
identified several novel genesthat are present in subsets of early neural
precursor cells. We have begun to establish precursor cell linesand
overexpress candidate moleculesin cell linesto identify their rolein
development. To datewe haveidentified aglial restricted precursor cell line
and aneuronal precursor cell line. Wewill usethesecell linesfor large-scale
genomic screensto identify novel genesthat may beinvolved in the process
of differentiation. We are a so studying theinteractions of identified factors
with other transcriptional regulators of stem cell devel opment. Our current
focusison HLH proteins and POU homeodomain proteins.

Neural Crest Differentiation. We have established massand clonal culture
assaysto determine how asingle neural crest cell differentiatesinto neurons,
glia, melanocytes, smooth muscle and cartilage. We have generated stage-
specific markersto distinguish stages of differentiation. Clonal cell linesthat
recapitulate normal devel opment have also been established. We have
begun to use thesetoolsto define the factorsthat regul ate differentiation.

Embryonic Stem Cell Differentiation. Embryonic stem (ES) cellsare
totipotent cells of the blastocyst that are capabl e of forming any cell typein
the body. Our laboratory examines ES cell culturesto determine whether
normal embryonic devel opment can berecapitulated invitro. We have
shown that neural stem cells, NRP cellsand GRP cells can be directly
isolated from ES cell culturesand that these cells appear similar to cells
isolated from later stages of development. Current work isfocused on
isolating other lineages and determining if similar strategies can be used to
isolate more differentiated precursorsfrom human ES cell cultures.

In order to critically evaluate theroles of specific genesin theregulation of
neural stem cell proliferation, differentiation and/or survival, weare
initiating amajor effort in which ES cell linesare derived from micelacking
expression of individual genes. For example, we are studying therole of the
transcription factor NF-xB in neural stem cell fate determination by
analyzing ES cellsisolated from micelacking the p65 subunit of NF-kB.

| dentifying factorsthat regulate neural precursor cell differentiationis
important because there are many prominent neurological disordersfor
which such knowledge may provide new avenuesfor prevention and
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treatment. | dentifying instructive and trophic moleculesand their stage-
specificrolesinregulating normal development will provideimportant
information both in diagnosing neurol ogical disordersand in suggesting
possibletherapeutic strategies. In amore general sense, we hopethat the
principlesof differentiation we elucidate will be applicableto other
developmental stages and |ocations where phenotypic restriction occurs.

Changesin Neural Stem CellsDuring Aging and in Neur odegener ative
Disor ders: Despitethefact that the adult brain and spinal cord contain
neural stem cells, thereisvirtually no information available concerning the
impact of aging and neurodegenerative disorders on these stem cell
populations. In collaboration with investigatorsin the Cellular and
Molecular Neuroscience Section, we are performing aseries of studies
aimed at understanding the cellular and molecular changesthat occur in
neural stem cellsduring aging and in age-rel ated neurodegenerative
disordersincluding Alzheimer’ s, Parkinson’ sand Huntington’ s diseases,
stroke, and amyotrophic lateral sclerosis. Using abattery of cell cultureand
animal models, in combination with studies of postmortem brain and spinal
cord tissuesfrom human patients, alterationsin stem cell populationsare
being identified, and the molecul ar basis of the alterations ascertai ned.

Impact of Diet and Lifestyleon Neural Stem Cells: Investigatorsin the
Cellular and Molecular Neuroscience Section have recently discovered that
neural stem cellsinthe brains of rats and mice can beinfluenced by dietary
factors. Specifically, it wasfound that dietary restriction (areduced calorie
diet) can enhancethe survival of newly generated neural cellsinthe
hippocampus of ratsand mice (Leeet a., J. Mol. Neurosci. 15: 99-108,
2000). Other investigators have shown that raising rodentsin an enriched
environment, or under conditionswheretheir level of exerciseisincreased,
resultsinincreased neurogenesisin their brains. Weare currently
performing studiesaimed at identifying the underlying cellular and
molecular mechanisms. Interestingly, the dataavailableto date suggest that
calorierestriction inducesamild cellular stressresponsein neural cellsthat
resultsinincreased production of neurotrophic factors (particularly brain-
derived neurotrophic factor) and certain stress proteins (including HSP-70
and GRP-78). Thismay account for the increased survival of neural stem
cells, aswell astheincreased resistance of neuronstoinjury in experimental
models of neurodegenerative disorders. Weare currently evaluating the
status of several other candidate signaling pathwaysincluding those
activated by insulin-like growth factors, opioidsand cytokines.
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Transplantation- and Signaling-Based Ther apeutic Approachesfor
Neur odegener ative Disor der s: Much of the recent excitement surrounding
stem cell research isdueto the potential use of stem cellsfor replacing
dysfunctional cellswithin atissue, or even entire organs. Recovery of
function has been recently reported in animal models of spinal cord trauma
and demyelinating disease. We are employing transpl antation technol ogies
in order to understand fundamental mechanisms of neural stem cell biology,
on the one hand, and to devel op therapeutic interventions, on the other
hand. Stem cellsfrom transgenic mice that expressreporter genes (green
fluorescent protein or beta-gal actosidase) are transplanted into the brain or
spinal cord of wild-type mice, and their fate followed. Reporter miceare
being crossed with gene knockout mice to obtain embryonic stem reporter
cellsthat lack asingle gene. The function of that genein stem cell behavior
can then be studied. The ability of selected stem cell populationsto
repopulate normal and diseased brains (mouse modelsof Alzheimer’s,
Parkinson’ sand Huntington’ s diseases, strokeand AL S) isbeing evaluated.
Asadditional information accumulates, we hope to select popul ation of
human cellsfor cell replacement therapy.

Collaborators: Mark Mattson, Laboratory of Neurosciences, NIA, NIH;
William Freed, National Institute on Drug Abuse, NIH; Nicolas Maragakis,
Jeffrey Rothstein, Johns Hopkins Medical School, Baltimore, MD; Steve
Goldman, ColumbiaUniversity, New Y ork, NY'; Itzhak Fischer, MCP
Hanneman, Philadelphia, PA.
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Gerontology Research Center
Room 4-E-11A

Phone 410-558-8144

Fax 410-558-8465

E mail furukawaka@grc.nia.nih.gov

Biography: Dr. Furakawa received his M.D. degree from Yamagata University in
Japan in 1988 and his Ph.D. in Neuroscience from Tohoku University School of
Medicine in 1992. He performed postdoctoral studies with Dr. Mark Mattson at the
University of Kentucky Medical Center and was an Assistant Research Professor at
the University of Washington in Seattle. His work in Seattle focused on mutations in the microtubule-
associated protein tau that cause an inherited form of dementia. Dr. Furukawa moved back to Japan in 1998
to work on his clinical medicine practice as a neurologist and to continue his research on tau mutations. He
joined the Laboratory of Neurosciences in 2001 as a tenure-track investigator responsible for developing a
Synaptic Physiology Unit.

Keywords: Overview: A uniquefeature of the central nervous system, that islargely
Alzheimer's disease responsiblefor both the speed and complexity of inter-cellular signalingin
electrophysiology thisorgan system, isthe synapse. Synapses are the siteswhere various
calcium neurotransmitters, neuropeptides, and neurotrophic factorsact to regulate
'pc’;ﬂigﬁf neuronal development and survival. Signaling at synapses controlsall of
brain slice recording our intellectual, sensory, motor, and neuroendocrine activities. Alterations

in synaptic structure and function occur during normal aging, and

Recent Publications: increasing evidence suggests that abnormalitiesin synaptic signaling play

Hasegawa T, etal. J major rolesin the pathogenesis of age-rel ated neurodegenerative disorders,
Neurochem 2003; 87(2): including Alzheimer’ sdisease, Parkinson’ sdisease, Huntington’ sdisease,
470-475. spinocerebellar degenerations, and stroke. The Synaptic Physiology Unit
Furukawa K, et al. J aimsto understand the molecular basisfor synaptic dysfunction and
Neurochem 2003; 87(2): degeneration in aging and age-related neurol ogical disorders. Thetwo
421-436. major types of technol ogies employed are electrophysiological recordings
Yao PJ, et al. Neurosci using patch-clamp methods and imaging of fluorescent probesfor ionsand
2003; 121(1): 25-37. second messengers. Current and planned projects can be divided into four
Wang Y, etal. J interrelated areas: 1) Mechanismswhereby genetic mutationsand
Neurochem 2002; 82(4): polymorphismsaffect synaptic plasticity. 2) Therolesof biochemical cell
945-952. death cascadesin synaptic plasticity and degeneration. 3) Interactions of

oxidative and metabolic stress with membrane voltage-dependent and
ligand-gated ion channels. 4) Theimpact of dietary and other
environmental factors on synaptic functionin relation to aging and
neurodegenerative disorders.
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I mpact of Genetic Aberrancieson Synaptic Function and Ion
Homeostasis: We have and are continuing to examine the effects of genetic
mutationsthat cause Alzheimer’ sdisease onion channel function and
synaptic plasticity in cell cultureand animal models. Mutationsinthe
amyloid precursor protein (APP) may cause Alzheimer’ sdisease by
increasing the production of neurotoxic forms of amyloid 3-peptide and by
decreasing production of asecreted form of APP (SAPP). Our whole-cell
patch clamp analyses of ion currentsin cultured hippocampal neurons have
shown that amyloid B-peptide can enhance currents through glutamate
receptor channel s and voltage-dependent cal cium channels. On the other
hand, sA PP suppresses neuronal excitability by activating high-conductance
potassium channels. Mutationsin presenilin-1 are responsible for many
cases of early-onset autosomal dominant Alzheimer’ sdisease. We have
found that presenilin-1 mutations perturb neuronal calcium homeostasis by
enhancing cal cium release from the endoplasmic reticulum. The aterations
in calcium regulation conferred by presenilin-1 mutationsrender neurons
vulnerableto excitotoxicity and apoptosis. More recently, we have been
examining the effects of mutationsin the microtubul e-associated protein tau
that cause fronto-temporal dementiaand parkinsonism on neuronal ion
homeostasis. Thetau mutationsresult inincreased calcium influx through
voltage-dependent channel swhen neural cellsare subjected to growth factor
deprivation. We are now examining the effects of APP, presenilin-1 and tau
mutati ons on synaptic correlates of learning and memory in hippocampal
dlice culturesfrom transgenic and knock-in mice.

Inadditionto Alzheimer’ sdisease, severa other age-related
neurodegenerative disorders can be caused by genetic defects. For example,
some cases of Parkinson’ sdisease are caused by mutationsin a-synuclein
and othersby mutationsin parkin. Huntington’ sdiseaseisapurely inherited
disorder resulting from trinucleotide expansionsin the huntingtin gene
resulting in polyglutamine repeatsin the huntingtin protein. Weare currently
assessing theimpact of these mutations onion channel activity and synaptic
plasticity in dissociated cell culturesand brain slicesfrom transgenic mice
expressing mutant forms of o-synuclein and huntingtin.

Modulation of lon Channelsby Cell Death Cascadesand

Neur oprotective Signal Transduction Pathways: LNSinvestigators have
recently shown that biochemical cascadesthat mediate aform of
programmed cell death called apoptosis can be activated locally in synaptic
terminals. Interestingly, we haveidentified several ion channel subunitsas
substratesfor caspases, proteasesthat play apivotal rolein apoptosis. For
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example, subunits of the AMPA subtype of ionotropic glutamate receptor
are cleaved by one or more caspases resulting in asuppression of channel
activity. Cleavage of the glutamate receptor subunits by caspases appearsto
serve the function of ensuring that the neuron dies by apoptosisrather than
excitotoxic necrosis. Interestingly, we also have evidence from studies of
hippocampal dlicesthat caspase-mediated cleavage of glutamate receptors
may function in the regulation of synaptic plasticity under physiological
conditions.

A magjor effortinthe LNS hasbeen to identify, characterize and manipul ate
signal transduction pathwaysthat promote neuronal survival and plasticity.
We havefound that several such trophic factorsact, at least in part, by
modul ating neuronal excitability viatranscription-dependent mechanisms.
Onetranscription factor of interest isNF-kB which exertsastrong anti-
apoptotic effect in neurons. NF-xB can modul ate the expression of certain
ion channel subunits and thereby modify long-lasting changesin synaptic
strength (long-term potentiation and long-term depression). Weare
determining therolesfor such signaling pathwaysin the pathogenesis of
neurodegenerative disorders, and are a so using the knowledge gained from
these studiesto devel op novel preventative and therapeutic strategiesfor
neurodegenerative disorders.

Oxidative Stressand Synaptic Function: Levelsof oxidative stress and
oxidative damageto proteins, nucleic acidsand membranelipidsincrease
during aging of the nervous system. M oreover, oxidative damage to neurons
iswidely recognized asamajor contributing factor to the dysfunction and
death of neuronsin arange of age-related neurodegenerative disorders.
Despitethefact that perturbed cellular ion homeostasisisimplicated in the
same neurodegenerative disorders, very littleinformation has been obtained
on theimpact of oxidative stresson neuronal ion homeostasisand synaptic
function. LNSinvestigators have discovered several novel mechanisms
whereby oxidative stress affects neuronal excitability, and have shown how
these mechanismsareinvolved in the pathogenesis of Alzheimer’ sdisease,
amyotrophic lateral sclerosisand stroke. For example, we have found that
an aldehyde called 4-hydroxynonenal, which is produced when membrane
lipids are attacked by freeradicals, can covalently modify proteinsand
impair their function. Inthisway, 4-hydroxynonenal promotes excessive
influx of calcium into neurons. We are currently determining the roles of
specific oxyradicalsand antioxidants on neuronal ion channelsin patch
clamp studies, and on synaptic plasticity in brain slice preparations.
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I mpact of Dietary Factorson Synaptic Physiology: A major focus of
LNSinvestigatorsisto establish the cellular and molecular mechanisms
whereby diet influencesrisk of neurodegenerative disorders. Inthisregard
major progress hasrecently been made in establishing neuroprotective
effectsof dietary restriction in experimental modelsof Alzheimer’s,
Parkinson’ sand Huntington’ s diseases and stroke. Thiswork hasled to the
hypothesisthat dietary restriction reducesrisk of age-related
neurodegenerative disordersby inducing amild cellular stressresponsein
which neurons upregul ate the expression of genesthat encode
cytoprotective proteinsincluding heat-shock proteins and neurotrophic
factors. Because dietary restriction can also enhancelearning and memory,
we are determining the effects of dietary restriction on synaptic physiology.
Additional dietary factors may influencerisk of neurodegenerative
disorders. For example, LNSinvestigators have recently provided evidence
that folic acid deficiency can endanger neuronsin experimental model s of
Alzheimer’ sand Parkinson’ sdiseases. We are therefore determining the
effectsof folic acid deficiency on synaptic function.

Collaborators: Professor Gerard D. Schellenberg, University of
Washington, Seattle, WA ; Professor ThomasD. Bird, University of
Washington, Seettle, WA ; Professor Y asuto Itoyama, Tohoku University,
Sendai, Japan; Dr. Akihiko Takashima, Riken Institute, Wako, Japan;
Dr. Atsushi Takeda, Tohoku University, Sendai, Japan.
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Nigel H. Greig, Ph.D., Senior Investigator
Chief, Drug Design and Development Section

Gerontology Research Center
Room 4-B-02

Phone 410-558-8278

Fax 410-558-8173

E mail greign@vax.grc.nia.nih.gov

Biography: Nigel Greig was trained as a pharmacologist with a background in
medicinal chemistry and physiology and gained his Ph.D. from the University of

- London; specifically, from the Pharmacology Department of the Royal College of
Surgeons, England. Leaving the Cancer Chemotherapy Department of the Imperial Cancer Research Fund,
London, he joined NIA in 1982. His initial studies focused on optimizing the delivery to and action of drugs
within the brain. This resulted in the development of drug candidates for the treatment of brain tumors, and
cancers of the breast, lymphatics and ovaries, as well as agents for the treatment of drug abuse and
technology for the delivery of neuropeptides, antisense oligonucleotides and proteins to the brain. Leaving NIA
in 1989, Dr. Greig was involved in the initiation of the successful California biotechnology company, Athena
Neurosciences, now Elan Pharmaceuticals.The company was launched on technology from Dr. Greig’s
program. Returning to NIA as a tenured scientist in 1991, his research has evolved into his present interest,
the design and development of drugs and diagnostics for the treatment of neurodegenerative diseases, with
particular emphasis on Alzheimer’s disease, and of type 2 diabetes. He heads the Drug Design and
Development Section of the Laboratory of Neurosciences that extensively collaborates within NIA, academia
and industry. This has resulted in the development of several agents from concept in the laboratory, through
the required U.S. Government regulatory requirements to the bedside. Patents covering a variety of novel
compounds of clinical interest have now been licensed from the NIA to industry and are in preclinical and
clinical development, and new research within his program is providing both publications and patent
applications to support potential drugs of the future.

Keywords: Design of Drugsand Diagnostics: The goal of the Drug Design and

drug design Development Section isto develop novel agentsagainst rate-limiting steps
acetylcholinesterase involved in the pathophysiology of diseases associated with aging with
butyrylcholinesterase emphasis on nervous system diseases such as Alzheimer’ sdisease (AD).

amyloid precursor protein
amyloid-p peptide

tumor necrosis factor-o. Alzheimer’sDisease:

pS3 inhibitors Acetylcholinesterase Inhibition: Although the neuropathological
gﬁjocr;tgsf_“ke peptide-1 quantification of -amyloid plaguesand neurofibrillary tanglesinthe AD
Alzheimer's disease brainisthebasisfor confirming disease diagnosis after death, itisthe

type 2 diabetes neocortical synapsesrather than the plaques and tanglesthat correlate best

with psychometric indices of cognitive performancein AD. Theloss of
cholinergic synaptic markersin selected brain regionsremains one of the
Zhu X, et al. J Med Chem earliest eventsleading to AD, with the cholinergic system being the most
2003; 46(24): 5222:-5229.  ttected of the neurotransmittersand intimately involved in memory

Recent Publications:

Perry T, etal. Trends processing. Additionally, there are numerous mechanistic-based interactions
Pharmacol Sci 2003; linking the cholinergic systemto Al3genesis, Tau phosphorylation,

24(1): 377-383. apoptotic cell death and inflammatory processthat form aself-propagating
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Publications-continued:

Lahiri DK, et al. J

Alzheimers Dis 2003; 5(2):

81-90.

Perry T, etal. J Pharmacol
Exp Ther2002; 302(3):
881-888.

Perry T, etal. J Pharmacol
Exp Ther2002; 300(3):
958-966.

Duan W, et al. Ann Neurol
2002; 52(5): 597-606.

Zhu X, et al. J Med Chem
2002; 45(23): 5090-5097.

cyclethat drives AD pathogenesis. We have therefore focused our expertise
on pivotal targetsin each of these diverse but linked elementsin order to
devel op mechanism-based strategiesto not only slow or halt AD, but
additionally to impact other neurodegenerative diseases.

Anticholinester ases: One of our efforts hasfocused on augmenting the
cholinergic system, but maintaining the normal temporal pattern of
neurotransmitter rel ease by selectively inhibiting the enzyme
acetylcholinesterase (A ChE), acetylcholine' s (A Ch) degrading enzyme, in
brain. Extensive studiesinvolving synthetic chemistry, X-ray
crystallography, molecular modeling, biochemistry and pharmacol ogy
resulted in our development of “selective cholinesteraseinhibition
technology” (SCIT). This has provided usthe basisfor the devel opment of
novel drugsto selectively and reversibly inhibit either AChE or itssister
enzyme, butyrylcholinesterase (BChE), in the brain for an optimal time
duration for the potential treatment of AD, age-associated memory
impairment and other dementias. In addition, incorporation of charged
moietiesto restrict the brain entry of resulting compounds has provided drug
candidatesfor potential treatment of myastheniagravisaswell as
prophylacticsfor nerve gas poisoning (in current assessment by the U.S.
and British Army).

Thetargeting of selective and site-directed drugsto specific enzymesrather
than to receptorsisaconceptually attractive method to optimize drug action.
Thereason for thisisthat formation of areversible drug/enzyme complex
allows selective enzymeinhibition over aprotracted time duration
(numerous hours), which isindependent of the pharmacokinetic half-life of
the drug (often minutes). Oncethe drug hasformed aslowly reversible
drug/enzyme complex to inhibit itsfunction, the presence of freedrugisno
longer required for continued action. In contrast, drug/receptor stimulation
requiresthe continued presence of drug, and itstime-dependent
maintenance at thetarget receptor for continued activity. Itisdifficult to
achieve steady-state drug target levelsand, indeed, when achieved, it
generally resultsin ahigh body exposure to drug and potential toxicity. Our
use of theformer method, targeted enzyme inhibition, enhances specificity,
lowerstotal body drug exposure and dramatically reducestoxicity. Thisis
important in the elderly, which representsthe fraction of the population
afflicted with AD. Thehigh variability and slowing of drug metabolism,
commonly associated with age, often resultsin agradual overdosing and
toxicity inthe elderly asone doseis often administered beforeaprior oneis
fully cleared. The dissociation between pharmacokineticsand
pharmacodynamics minimizesthis, asdrug clearance (measured in minutes)
can change dramatically without impacting on drug action (measured in
hours). Incorporating such conceptsinto our drug design hasresultedin
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several novel compoundswith dramatic sustained cognitive action for once
or twice daily dosing with wide therapeutic windows and minimal toxicity.
For example, the novel experimental drug, phenserine (licensed to Axonyx,
New Y ork, NY), along-acting and brain-directed, selective AChE inhibitor,
isnow in phase 3 clinical assessment in AD patients. Thusfar, it appearsto
bewell tolerated in elderly individuals, particularly when compared to
currently available prescription anticholinesterases. Specifically with regard
to phenserine, multiple phasel clinical trials have now been completed (to
assess single and multiple dosetolerability intheelderly, aswell as
bioavailability). One phase 2 study, to characterizetolerability and actions
on cognitionin AD, has been successfully completed, and afurther phase 2
clinical trial to characterize actionson disease progression, with an emphasis
on A3levelsin CSF and plasmaaswell as cognition, is presently ongoing,
asisaphase 3 clinical trial that isfocused on cognition.

Other novel agentsfrom SCIT are presently being devel oped asthefirst
availablereversible, nontoxic and brain-directed selectiveinhibitors of the
enzyme BChE. (Collaborators: Debomoy Lahiri, Ph.D., University of
Indiana, IN; Kumar Sambamurti, Ph.D., Medical University of South
Carolina; Jack Rogers, Ph.D., Harvard, Boston, MA; Judith Flippen-
Anderson, Ph.D., Naval Research Center, Washington D.C.; Tony
Giordano, LouisianaState University, Shreveport, LA; Mohammad Kamal,
Ph.D., University of Sydney, Australia; Axonyx Inc., New York, NY;;
Donald Ingram, Ph.D., Laboratory of Experimental Gerontology, NIA).

ButyrylcholinesteraseInhibition: Inhibition of AChE isacharacteristic
shared by all cholinesteraseinhibitors currently approved for the treatment
of AD. Inthebrain, AChE isprimarily associated with neurons, whereit
hydrolyses acetylcholine (ACh) to terminateitsbiological action. Although
overlooked for many years, asecond cholinesterase, butyrylcholinesterase
(BChE), islikewise capable of hydrolyzing ACh and may play an important
rolein the pathophysiology and symptomatology of AD. BChE, unlike
AChE and most other enzymesin the AD brain, has been found elevated
early inthe disease process, particularly in brain regions associated with
AD, whereit co-localizes both with A3 plaques and neurofibrillary tangles.
The association of BChE with the AD neurotoxic peptide, 3-amyloid, has
been shown to dramatically amplify thetoxicity of the peptide. In addition, a
mutant variant of BChE, the K form, when found together with the ApoE 4
alele, isassociated with an increased susceptibility of sporadic AD. Hence,
inappropriate BChE activity canincreasetherisk of AD and accelerate the
disease process.
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Regarding its enzymekinetics, an important feature distinguishing BChE
from AChE isitskineticstoward concentrations of ACh. BChE isnot
inhibited by excesssubstrate. ThisisreflectedinitsK _for ACh, which
makesit lessefficient initssubstrate hydrolysisat low concentrations but
highly efficient at high substrate concentrations, at which AChE becomes
substrate inhibited. Consequently, we hypothesize that oneroleof BChE in
brain, particularly when associated with glia, isthat of asupportive
hydrolyzing enzymefor ACh. Under conditions of high brain activity, local
synaptic AChlevelscanreach uM levels, which areinhibitory for AChE
activity. The close spatial relationship of glial BChE would allow
compensatory ACh hydrolysisto occur. In addition, some 15% of
cholinergic synapsesin human brain have BChE rather than AChE asthe
metabolizing enzyme. A further important feature that distinguishesthese
two cholinesterase subtypesisthat AChE islost early in AD, by up to 85%
in specific brainregionsin linewith thelossin presynaptic ACh, whereas
BChE levelsare elevated. Thisresultsin amismatch between substrate and
enzyme. Indeed, the ratio of BChE/A ChE has been found to dramatically
changein cortical regionsfrom 0.2 to ashigh as11. Clearly, such an atered
ratiointhe AD brain could jeopardize the normally supportive role of BChE
to hydrolyze only excessive ACh, terminating its action too quickly.
Selectiveinhibition of BChE may therefore be of valueto normalizethe
BChE/AChE ratioin AD brain and augment cholinergic neurotransmission.

Toelucidatetherole of BUChE in AD, thefirst, reversible, selective
carbamateinhibitors of BChE were devel oped (cymserine: (-)-4 -
isopropylphenyl-carbamoyleseroline and anal ogues) and their effectson
cognition were assessed by administering them to male aged Fischer-344
ratswhose performance was quantitatively evaluated in a 14-unit T-Maze
(Stonemaze). Thiscognitivetask has proved highly robust and sensitivein
eval uating age-dependent declinesin memory and pharmacological
interventionsin rodents. The action of selective BChE inhibition on brain
levelsof ACh, asmeasured by invivo microdialysis, has aso been studied,
together with actionson thelevelsof AD neuropathol ogical markers,
amyloid precursor protein APP and A3 peptide. (Collaborators: Debomoy
Lahiri, Ph.D., University of Indiana, IN; Kumar Sambamurti, Ph.D.,
Medical University of South Carolina; Jack Rogers, Ph.D., Harvard,
Boston, MA; Judith Flippen-Anderson, Ph.D., Naval Research Center,
Washington D.C.; Tony Giordano, L ouisiana State University, Shreveport,
LA; Mohammad Kamal, Ph.D., University of Sydney, Australia; Donald
Ingram, Ph.D., Laboratory of Experimental Gerontology, NIA).
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3-amyloid Precursor Protein (3-APP) and Amyloid-3 (A3) Peptide
Inhibitors: Another of our focusesto devel op therapeuticsfor treating AD
relatesto reducing the production and secretion of AR, Itiswidely believed
that A3 playsacentral roleinthe progressive neurodegeneration observed
in AD; diminishing the level of Al3hastherefore emerged asacritical goal
in AD therapy. ARisgenerated from alarger protein, APP, by agroup of
enzymescollectively identified as secretases. Specifically, APPis
proteolytically cleaved at specific amino acid by three secretases (a.-, 13- and
v-), todifferent protein fragments, including toxic Af3and other C-terminal
fragmentsthat areimplicated in the pathogenesisof AD. A major focus has
hence been to devel op agentsto alter amyloidogenic processing to produce
non-amyloidogenic by-products. The secretasesaswell as strategiesto
augment the clearance of AR arethuslegitimate, albeit unvalidated, targets
for drug discovery. Our program, together with collaborators (Prof.
Debomoy Lahiri, Ph.D., IndianaUniversity School of Medicine,
Indianapolis, IN; Prof. Kumar Sambamurti, Ph.D., Medical University of
South Carolina, Charleston, SC; and Prof. Jack Rogers, Ph.D., Harvard
University, Boston, MA), isjointly engaged in studying various classes of
agentsthat can reduce APP expression, asthisisthe precursor to all the A3
toxic fragments.

In thisregard, we have focused on the pharmacophore of (-)-phenserine: a
tricyclic hexahydropyrrol o[ 2,3b]indol e with a phenylcarbamate. In cell
culture studies, (-)-phenserinelowered APP and A3 levelsin human
neuroblastoma cells viaamechanism unassociated with its
anticholinesterase action. Inrats, it was shown to improve cognitive
performance, and lower APP production in both naive and cholinergic
lesioned animals. Likewise, in transgeni c mice over-expressing human APP
and A3, it wasfound to significantly lower both. Interestingly, phenserine's
action to lower APP occursthrough modulation of protein expression at the
post-transcriptional level. Inthisregard, there are an increasing number of
reportsof post-transcriptional regulation of diverse gene products. For
example, small molecules can significantly modulate post-transcriptional
processesinvolved in the production of tumor necrosisfactor-alpha(TNF-
o). (-)-Phenserine sactionson APP are mediated through the 5 untranslated
region (5 UTR) of APPMRNA; the very same element previously shown
to be up regulated in the presence of interleukin-1 and other cytokines. Post-
transcriptional regulation of proteinssuch as APP by small moleculesis
hence afeasible approach to discover and devel op new therapeutic agents
that lower A3levels. Utilizing the pharmacophore of (-)-phenserine, we
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have developed anovel seriesof compoundsto optimize action against APP
and ARand to minimize anticholinesterase activity. (Collaborators:
Debomoy Lahiri, Ph.D., University of Indiana, IN; Kumar Sambamurti,
Ph.D., Medical University of South Carolina; Jack Rogers, Ph.D., Harvard,
Boston, MA; Judith Flippen-Anderson, Ph.D., Naval Research Center,
Washington D.C.; Tony Giordano, L ouisiana State University, Shreveport,
LA; Donald Ingram, Ph.D., Laboratory of Experimental Gerontology,

NIA).

I nflammation and TNF-a I nhibition: Inflammatory processes associated
with the over-production of cytokines, particularly of TNF-o, accompany
numerous neurodegenerative diseases, such as Alzheimer’ sdisease and
ALS, in addition to numerous systemic conditionsthat are commonin the
elderly, such asrheumatoid arthritis, aswell asdiseases such as erythema
nodosum leprosum (ENL ), septic shock, graft-versus-host and Crohn’s
disease. TNF-o. has been validated as a drug target with the devel opment of
theinhibitors Enbrel and Remicade as prescription medications. Both,
however, arelarge macromol ecul esthat require direct injection and have
limited to negligible brain access. The classical drug, thalidomideisbeing
increasingly used in the clinical management of awide spectrum of
immunologically—mediated and infectious diseases, and cancers. Itsclinical
valueintreating ENL derivesfromits TNF-a inhibitory activity. Structural
modification of thalidomide was hence undertaken towards the discovery of
novel isosteric potent analoguesthat would be of potential utility inthe
conditions described above. Thesewere synthesized and evaluated for their
TNF-a inhibitory activity against lipopolysacharide (L PS) stimulated
peripheral blood mononuclear cells(PBMC) incell culture. Additionally,
PBMC viability was quantified to differentiate reductionsin TNF-o.
secretion from cellular toxicity. Specific analogues potently inhibited TNF-o
secretion, compared to thalidomide. The mechanism underpinning this
likely ispost-transcriptional asthey decreased TNF-oo mRNA stability via
its3'-UTR, asdetermined by luciferase activity in stably transfected cells
with and without the entire 3'-UTR of human TNF-o. The activity of these
novel compoundsin classical models of (i) neurodegeneration aswell as
cancer (with specific focus on angiogenesis) isthefocus of current studies.
(Collaborators:. Prof. Tony Giordano, Ph.D., Louisiana State University,
Shreveport, LA; William Douglas Figg, Ph.D., NCI, NIH, Bethesda, MD.,
and Prof. Debomoy Lahiri, Ph.D., IndianaUniversity School of Medicine,
Indianapolis, IN).

Neur odegener ation: Collaborative studieswith Mark Mattson, Ph.D.,
(Chief, Laboratory of Neurosciences, NIA, NIH, Baltimore, MD) are
focused on modifying the course of apoptotic cell death. Apoptosisisa

Laboratory of Neurosciences 015



216

major form of cell death that involves a stereotyped sequence of biochemical
and morphological events. Inhibition of rate limiting biochemical steps
within this cascade of events can halt and rescue cellsfrom avariety of
physiological and pharmacological insultsthat induce cell deathvia
apoptosis. Studies have focused on the design, synthesis and assessment of
anovel seriesof potent compoundsthat inhibit theintracellular protein, p53.
These compounds protect cellsof neuronal origin from toxic concentrations
of avariety of insults, including the AD AP peptide, in tissue culture, and
largely protect the brain fromischemicinsultsininvivo rodent studies.
Additional studies have demonstrated potency in awidely used model of
Parkinson’ sdisease. Thefocusof our studiesisto test theclinical utility of
p53 inhibition with emphasis on neurodegenerative diseases such asAD,
Parkinson’ sdisease and stroke. However, pS3 inhibitorshold potential in
protecting normal tissue from thetoxicities associated with
chemotherapeutic agents and radiation therapy in cancer treatment, and form
afurther focus of futureresearch. (Collaborators: Mark Mattson, Ph.D.
LNS, NIA; Debomoy Lahiri, Ph.D., University of Indiana; Robert
Rosenthal, M.D., University of Maryland).

GLP-1Agonists, Type 2 Diabetesand Neur odegener ation:
Collaborative studieswith Josephine Egan, M.D., (Diabetes Section,
Laboratory of Clinical Investigation, NIA, Baltimore, MD) arebeing
undertaken on type 2 diabetes, adisease prevaent intheelderly that is
caused by arelativerefractoriness of theinsulin receptor toitsligand and a
deficiency initsnormal release. Thefocus of these studies hasbeen to
optimizethe performance of pancreaticislet cellsbothinvitro and in rodent
diabetic model swith peptidesthat stimulateinsulin releaseto develop novel
therapeutics. Extensive studies have been undertaken on the peptide,
exendin-4 (Ex-4), which bears a’52% homol ogy to the endogenous
insulinotropic peptide, glucagon-like peptide-1 (GLP-1). GLP-1isreleased
from the gastrointestinal tract during eating to stimul ate pancreatic insulin
rel ease and thereby lowers blood glucose levels. Like other endogenous
hormones, it is short acting. In contrast, Ex-4 hasaduration of action of
some 16 hours, is more potent than GL P-1 and maintains blood glucose
levelschronically without toxicity. Our studies have focused on the
structure/activity relation of the GLP-1 amino acid sequenceinrelationto
binding affinity, induction of cCAMPlevelsand insulin release, aswell asto
metabolic processesinvolved initscleavage and inactivation. Novel
peptides have been synthesized around to cores of GLP-1 and Ex-4 to
optimizetheformer processes and minimizethelatter one. Additional
research has supported the transition of Ex-4 from the laboratory and into
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clinical trialsasan experimental therapeutic for type 2 diabetes. Studiesin
cell culture and rodentsindicate that Ex-4 is some 13-fold more potent due
toitshigher GLP-1 receptor affinity, and it isconsiderably longer acting
than GLP-1. Inclinical trials Ex-4 peptide appears, thusfar, to be both safe
and effectivein controlling blood glucoselevel sin subjects afflicted with
type 2 diabetes. Current studiesin the laboratory are focused on
understanding the mechanism of action of Ex-4 and anal ogues, further
optimizing their action and devel oping minimized peptidesto allow the
future design of peptidomimetics.

Although predominantly located on pancreaticislet cells, numerousreports
now document GL P-1 receptor expression in both the rodent and human
brain (for review see: Perry T and Greig NH, J Alzheimers Dis 2003 and
Trends Pharmacol Sci 2003). It still remainsto be established whether or not
GLP-1lisproduced by neural cells, but GLP-1 present in the bloodstream
can enter brain; utilizing ablood-brain barrier peptide transport system.
Intestinally derived peptides, such asGLP-1, areclassified not only as
hormones, but al so as growth factors— peptides capabl e of regulating
diversecellular processes, including mitosis, growth, and differentiation.
Our recent studiesindicate that GL P-1 can stimulate the formation of new
[3-cellsinrodents (partly by enhancing 3-cell proliferation and partly by
enhancing the differentiation of duct progenitor cellsto mature 3-cells). This
fueled our interest to assess aneurological rolefor GLP-1. Based on the
described action of GLP-1 onislet cell differentiation, we hypothesized a
neurotrophic rolefor GLP-1 within the nervous system. Our focus has been
to evaluate therole(s) of GLP-1 and related analogues, in vitro and in vivo,
to test this hypothesiswith aview to devel oping the most promising ones as
an aternative and potentially valuable novel therapeutic intervention for
central and peripheral degenerative disorders, such as stroke and peripheral
neuropathy associated with type 2 diabetes mellitus.

Using cell culture techniques, we have established the presence of the GL P-
1 receptor (GLP-1R) on neura cell lines, such asPC12 cellsaswell as
primary rat hippocampal cellsby RT-PCR analysisof RNA and GLP-1R-
induced increasesinintracellular cAMP. Furthermore, GLP-1R stimulation
induced differentiation in neural cellsinamanner similar to nerve growth
factor (NGF), which wasreversed by co-incubation with aselective
GLP-1R antagonist. The cellular signaling pathwaysthat are activated by
GLP-1inneural cellsisafocusof current studies. In addition, GLP-1R
agonism provided complete protection against cell death induced by
glutamate neurotoxicity in cultured hippocampal neurons, ashasbeen
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shown by other neurotrophic factors (e.g., NGF and BDNF), suggesting
that GL P-1-like peptidesmay play asignificant rolein protecting
hippocampal neurons against excitotoxic damage and potentially against
other typesof braininjury. Protection, likewise, was afforded against A3
(particularly Af3 ) aswell ascellular oxidative stressand membranelipid
peroxidation induced by iron.

Studies have been undertaken to elucidate whether or not these actionsin
cell culture modelstrandate to animals. Specifically, using awell established
rodent model of neurodegeneration, we have shown complete amelioration
of anibotenic acid induced cholinergic brainlesion following infusion of
GLP-1R agonist administration, as assessed by quantitation of the
cholinergic cell marker, choline acetyltransferase. Actionson other well
established rodent neurodegenerative model s are al so being assessed and
suggest that neuroprotective effectsin cell culturetranslateto animal studies.
(Collaborators: Debomoy Lahiri, Ph.D., University of Indiana, IN; Kumar
Sambamurti, Ph.D., Medical University of South Carolina; Mark Mattson,
Ph.D., Laboratory of Neurosciences, NIA; Josephine Egan, M.D., Diabetes
Section, Laboratory of Clinical Investigation, NIA).

Collaborators: Mark Mattson, Ph.D., Laboratory of Neurosciences, NIA;
Donald Ingram, Ph.D., Laboratory of Experimental Gerontology, NIA;
Josephine Egan, M.D., Diabetes Section, Laboratory of Clinical
Investigation, NIA; Arnold Brossi, Ph.D., University of North Carolina,
Chapel Hill, NC; Debomoy Lahiri, Ph.D., University of Indiana, IN;
Kumar Sambamurti, Ph.D., Medica University of South Carolina; Jack
Rogers, Ph.D., Harvard, Boston, MA; Judith Flippen-Anderson, Ph.D.,
Naval Research Center, Washington D.C.; Tony Giordano, Ph.D.,
LouisianaState University, Shreveport, LA; Mohammad Kamal, Ph.D.,
University of Sydney, Austraia.
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Laboratory of Personality and Cognition

Paul T. Costa, Jr., Ph.D., Chief

Triad Technology Center
333 Cassell Drive
Phone 410-558-8220
Fax 410-558-8108

Thefundamental scientific paradigm guiding researchinthe L aboratory of
Per sonality and Cognition (L PC) istheanalysisof individual differences.
Few phenomenaare more basic than the fact that human beings differ—in
health, in rates of aging, in cognitive ability, in personality, in happiness, and
inlifesatisfaction.

The Laboratory of Personality and Cognition (1) conductsbasic and clinical
research onindividual differencesin cognitive and personality processes
andtraits; (2) investigatesthe influence of age on these variablesand their
reciprocal influence on health, well-being and adaptation; and (3) employs
longitudinal, experimental, and epidemiol ogical methodsin the anaysis of
psychological and psychosocial issues of aging, including health and illness,
predictorsof intellectual competence and decline, models of adult
personality, and correl ates of diseaserisk factors.

The Personality, Stress, and Coping Section conducts basic and applied
research on personality asit relatesto aging individual sincluding studies of
stress and coping, mental and physical health risks and outcomes, adaptation
and well-being. Basic research has centered on ataxonomic model of
personality traitsand its assessment.

The Cognition Section conducts studiesthat attempt to distinguish
pathological from healthy, age-related cognitive changesin abroad range of
cognitivetasksincluding short-term and long-term memory, visuo-spatial
rotation, attention and decision tasks. In addition, structural and functional
brain changes are examined using MRI and PET. Studies are performed on
regional structural brain changes, especially the hippocampus, and their
relationship to cognitive performance and dementia. Regional differencesin
cerebral blood flow derived from PET studies at rest and during cognitive
challenge arerelated to aging and patterns of cognitive change.
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A major obstacleto progressin personality psychology for many decades
wastheinability of psychologiststo agree on ataxonomy of traitsthat
would offer acomprehensive yet manageabl e set of trait constructs. Since
1983, this Laboratory has contributed to aworldwide consensusthat the
Five-Factor Model pointsto such ataxonomy. The broad factors of
Neuroticism, Extraversion, Opennessto Experience, Agreeableness, and
Conscientiousness appear to encompass most specifictraits, and offer a
framework for systematic literature reviews and research designs.

Basic Resear ch in Personality - The Five-Factor Model: One focus of
research has been acomparison of the NEO-PI-R system with alternative
operationalizations of the Five-Factor Model and alternative taxonomies. A
popular psychaobiological model has been proposed by C. Robert Cloninger
and colleagues who assert that there are independent temperament
dimensions corresponding to chemically-coded neural networksor brain
systems: dopaminergic neuronsregulate the dimension of novelty seeking,
serotonergic neurons regul ate harm avoidance, and norepinephrinergic
neuronsregulate reward dependence. At thebiological level, they arguethat
the temperament traits are associated with neurochemical substratesthat
have agenetic basis. Oneimplication of thistheory isthat genes associated
with neurotransmitters should be rel ated to the hypothesi zed temperament
traits. Another implicationisthat traits hypothesized to have ashared genetic
basis should covary at the phenotypic level. According to Cloninger and
colleagues, the psychobiol ogical model, as measured by the Temperament
and Character Inventory (TCI), accountsfor the genetic basis of the
personality phenotype, whereas alternative models of personality likethe
five-factor model comprise genetically and environmentally heterogeneous
factors. Inastudy of 946 male and female participantsin the BLSA to
whom the TCI was administered, 587 were genotyped for a polymorphism
in the dopamine D4 receptor (D4DR) and 425 were genotyped for a
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polymorphism in the serotonin transporter (5-HTT) linked promoter region.
Resultsindicated no significant association between DADR polymorphisms
and novelty seeking, and no significant association between 5-HTTLPR
polymorphisms and harm avoidance. Furthermore, the factor structure of the
TCI did not reveal the hypothesized phenotypic seven-factor structure. This
study produced no support for the temperament and character model at
either the biological or psychological level.

Per sonality Changesat Midlife: Past research has demonstrated high
levelsof stability of adult personality over long timeintervalsin men.
However, few studies here or el sewhere have examined thelong-term
stability of personality of women; one of the exceptions (the Mills
Longitudinal Study of about 100 women) reports appreciable change that
invitesreplication. In collaboration with colleagues at the UNC Alumni
Heart Study and Duke University Medical Center, arecently completed
study on 495 women and 1,779 menintheir 40’ s and retested after 6to 9
years, tested hypotheses about the plateauing of rank-order stability and
mean-level maturational changesin personality trait levels. Results
confirmed previouslongitudinal findings confirming basic stability for both
women and men at the mid-life: rank-order stability coefficientswere high,
mean-level changesweresmall, and life events had only very specific
influences on personality. Personality was shownto beresilient inthat it
was unchanged by the sheer occurrence of reported life events, whether
positive or negative; but subjective appraisals of negativelife circumstances
did show limited effects on personality. Promising directions of future
research suggest that eventsthat affect central aspects of one’ sidentity, such
aslossof ajob or changesin marital status, be acentral focus. For both
women and men, being fired from ajob (vs. promoted) appearsto increase
Neuroticism (negative affect) and lower aspects of Conscientiousness.
Effectsof changing marital statusdiffered for men and women: Divorce
seemed to be liberating for women, but demoralizing for men.

Applied Resear ch: Stress, Coping, and Psychopathology: Personality
traitsareimportant determinants of the waysin which people deal with
stress. For example, Extraversionisassociated with forms of coping that
involve humor, talking about feelings, and seeking support; Agreeablenessis
associ ated with stoic and compliant attitudesin the face of stress. Our
perspectiveintegrates stress-and-coping research into the broader field of
psychology, linked to normal adaptation, psychopathology, and the
personality dimensionsthat affect all these. Traditionally, normal and
abnormal psychology were held to be distinct and qualitatively different.
Our research has shown that in many respectsthey are closely related, and
thusthat knowledge from onefield isrelevant to the other. For example,
some of our research has focused on depression. We have shown that
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depressive symptoms arerelated to the normal personality disposition
Neuroticism, can be predicted yearsin advance from personality traits, and
can themsel ves predict psychiatric diagnoses noted in hospitalization
records. Perhaps most important, we have al so shown that depressive
symptoms and the personality traitsthat predispose peopleto depression do
not increase asanormal consequence of aging. Most older people are not
depressed, and those that are should receive appropriate treatment.

Several studies have examined the potential of the five-factor model of
personality to describe and differentiate various health risk behaviorsamong
HIV and AIDSrelated patient groups. Perceived risk of contracting HIV
has been theoretically and empirically linked to the likelihood of engaging
inHIV risk behaviors; however, littleisknown regarding the determinants
of risk perceptionsand perceived risk of contracting HIV. A recent study
examined the extent to which perceptions of risk are determined by HIV -
related knowledge, history of engaging in HIV risk behaviors, and
personality variables. Consistent with previousresearch from thislaboratory
linking low Opennessto Experience (O) to defensivedenial, individuals
who engage in unsafe sex and deny any risk for contracting HIV had lower
O scoresthan individuals who engage in unsafe sex and accept that they
areat risk. Low O may facilitate minimization or even denial of risk as
relatively closed individuals have difficulty imagining that these
consequences apply to them and are closed to thefeelingsinvolvedin
dealing with asense of vulnerability. Another study investigated how FFM
personality traitsarerelated to adherenceto highly active anti-retrovira
therapies(HAART) for HIV. Preliminary results suggest that individuals
endorsing personality traits associated with high conscientiousness,
openness and agreeabl enessreport greater adherenceto HAART; traits
associated with neuroticism (e.g., depression) and extraversion (e.g., high
excitement-seeking) wererelated to lessthan medically necessary
adherence; and greater levelsof angry hostility, lower gregariousness and
lower positive emotionswere associated with higher viral loads. These
findings have direct implicationsfor psychosocial interventionsdesigned to
sustain or improve adherenceto HAART among HIV + individuals.

Axisll of theDSM-IV isused for the diagnosis of personality disorders,
which are defined asinflexible and maladaptive personality traits. It is
reasonabl e to ask whether thesetraits are the same as or different from those
encountered in non-psychiatric populations. Several recent studiesonthis
guestion have concurred in finding strong and replicable links between
scales measuring personality disordersand thefivefactorsin both normal
and clinical populations. The potential of thefive-factor model of
personality to describe and differentiate personality disorderswas suggested
by research in North American samples of patientsand psychiatrically
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normal individuals. Relatively little research has examined rel ations between
the FFM and personality disordersin psychiatric patient popul ationsin other
cultures. Former Visiting Scientist Dr. Jian Y ang, in collaboration with
investigatorsfrom the PSCS and the Hunan Medical University, conducted
amulti-center study of over 2,000 psychiatricinpatients and outpatients
throughout the People’ s Republic of China. Results showed that both
personality traitsand personality disorders can bereliably measured by
Chinesetrand ations of American instruments, and that the pattern of

correl ations between personality traitsand disordersappearssimilar in
Chinato that which has been reported in the US (cite). Theresults of these
studies suggest that conceptions and measures of Diagnostic and Statistical
Manual of Mental Disorders (DSM-1V) personality disordersare cross-
culturally generalizable to Chinese psychiatric popul ations, and both
personality disordersand personality traits may reflect biologically-based
individual differences common to the human speciesasawhole. Thisisone
of over 50 studieslinking normal personal dimensionsand personality
disorderstogether they haveled to afundamental reconceptualization of the
field of personality and psychopathology: Personality disordersdo not
correspond to discrete psychiatric entities, rather they are better construed as
asystematic collection of problemsinliving associated with different
dimensionsof personality.

Collaborators: R. Michael Bagby, Ph.D., Jan Yang, M.D., Ph.D.,
University of Toronto; KristaK. Trobst, Ph.D., Jerry S. Wiggins, Ph.D.,

Y ork University; Michael H. Bond, Ph.D., Chinese University of Hong
Kong; Sampo V. Paunonen, Ph.D., University of Western Ontario; Gergorio
H. del Pilar, Jean-Paul Rolland, Ph.D., University of Paris X Nanterre;
WayneD. Parker, Ph.D., Stephanie V. Stone, Ph.D., Peter Fagan, Ph.D., O.
Joseph Bienvenu, M.D., Ph.D., Thomas Brashers-Krug, M.D., Gerald
Nestadt, Ph.D., Johns Hopkins University; Fritz Ostendorf, Ph.D., Alois
Angleitner, Ph.D., University of Bielefeld; MargaridaP. deLima, Ph.D.,
Antoino Simoes, Ph.D., University of Coimbra; IrisMarusic, Ph.D., Denis
Bratko, Ph.D., University of Zagreb; Gian Vittorio Caprara, Ph.D., Claudio
Barbaranelli, Ph.D., University of Rome; Joon-Ho Chae, Ph.D., Sogang
University; Ralph L. Piedmont, Ph.D., LoyolaCollege of Maryland; Mark
R. Somerfield, Ph.D., American Society of Clinical Oncology; ThomasA.
Widiger, Ph.D., University of Kentucky; Henry L. Mastersiil, M.D., AIDS
Healthcare Foundation, Los Angeles CA; Neil Schneiderman, Ph.D.,
University of Miami.
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Psychologist and Senior Investigator in the Personality, Stress, and Coping Section, Laboratory of Personality
and Cognition. His work has been centered on studies of personality structure (the Five-Factor Model) and
assessment (the Revised NEO Personality Inventory) and applications in health and aging.
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Personality traitsare dimensions of individual differencesin thetendencies
to show consistent patterns of thoughts, feelings, and actions. Traitsare
important becausetheir influenceispervasive: They affect personal
interactionsand social support, health habitsand somatic complaints,
attitudes and val ues, ways of coping, occupational and recreational interests,
and much more. For the past 20 years, research in thislaboratory has
utilized aparticular version of trait structure, the Five-Factor Model, and an
instrument devel oped to assess 30 specific traitsthat definethefivefactors,
the Revised NEO Personality Inventory (NEO-PI-R). Work in the past year
has emphasized basi ¢ research on the generalizability of the model and its
devel opment in adulthood across cultures.

Cross-Cultural Studiesof theFive-Factor Model: Cross-cultura studies
are of immenseimportancein personality psychology, because the major
variablesthought to affect personality devel opment—genetic inheritance,
early family environment, and social structural variablessuch asclass,
political climate, and religioustraditions—cannot feasibly or ethically be
mani pulated. Personality psychol ogists must depend on natural experiments,
and many of these are provided by comparing individual s across cultures.

Sincethe publication of the NEO-PI-R in 1992, researchers outside the U.S.
havetrandated theinstrument into over 40 different languages, and many
have collected datafor their own research purposes. In collaboration with
theseinvestigators, we have recently conducted cross-cultural studies of
personality structure and development. In thefirst of these we reported an
analysisof personality structurein Hong K ong Chinese and Japanese
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samples. Using statistical methods devel oped in part in this L aboratory, we
showed that the Five-Factor Model iswell replicated in both these non-
Indo-European languages. Subsequent research has extended thisfinding to
several other languages—in fact, to date no study using an authorized

trand ation, adequate sample size, and appropriate analysishasfailed to
replicatethefive-factor structure of the NEO-PI-R. These data suggest that
the Five-Factor Model may be ahuman universal.

American studies of adult personality development can be summarized by
saying that three of the factors (Neuroticism, Extraversion, and Openness)
decrease, whereasthe other two (A greeabl eness and Conscientiousness)
increase with age; most of the change occurs between age 18 and age 30.
These cross-sectional differences might reflect cohort effects attributable to
the historical experience of different generationsof Americans. But other
nations have had very different histories during the same period, and if age
differences are dueto cohort effects, it isunlikely that the same kinds of age
differenceswould emergein cross-sectional studiesinthose countries.
However, reanalysis of dataprovided by collaboratorsin twelve countries
(including Portugal, Russia, Turkey, Croatia, and South Korea) show very
similar patterns of age differences, suggesting that these may perhaps best
beinterpreted as effects of intrinsic maturation.

Inthefirst half of thiscentury, anthropol ogists attempted to assess the modal
personality of variousgroups and relate personality to features of culture. In
an updating of thisendeavor, recent analyses have examined the mean
levelsof personality traitsacross cultures. Preliminary results suggest that
personality profilesobtained in different languagesor versionsare
comparableto the original, that subgroups (men and women, studentsand
adults) from the same culture have similar personality profiles, and that
culture-level analysesof personality traits show the same Five-Factor
structure seenin analysesat theindividual level.

TheOriginsof Personality - Behavior Genetics: According to Five-
Factor Theory, personality traits are endogenous basi ¢ tendencies. Genetic
factors are expected to play amajor rolein their origin and development,
whereas environmental factorslike culture should play aminor role. In
collaboration with Swedish researchers, we published one of thefirst studies
on the heritability of Opennessto Experience, and we collaborated with
John Loehlin and Oliver John to reanalyze the classic National Merit Twin
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Study datafor all fivefactors. A collaboration with behavior geneticistsin
Canadaand Germany suggeststhat thefivefactorsare strongly heritablein
both these two cultures. In addition, that study demonstratesthat more
narrow and specific facet-level traitsare al so substantially heritable. Thus, it
appearsthat thereisagenetic basisfor many of the details of personality, as
well asthe broad outlines.

Genetic covariance analyses are used to examinethe origins of covariation
between traits. In previousresearch, it has been claimed that the phenotypic
structureisunaffected by shared environmental influences, butismirrored
by both geneticinfluences and non-shared environmental influences.
However, non-shared environmental influences are estimated asaresidual
term that includes measurement bias. When we supplemented Canadian and
German twin datawith cross-observer correlationsfrom American samples,
measurement biaswas reduced, and the phenotypic structure appeared to be
due only to genetic influences.

Studiesof Opennessto Experience: Opennessto Experienceistheleast
well understood of thefive personality factors. Different versions of the
factor have been labeled Culture, Inquiring Intellect, Imagination, and
Independence of Judgment. As assessed by the NEO-PI-R, Opennessis
seen in Fantasy, Aesthetics, Feelings, Actions, Ideas, and Vaues, and isthus
much broader than labels such asIntellect suggest. Correlational studiesin
the BL SA have shown that Opennessisempirically related to awide
variety of constructs, including Jung’ sIntuition, Hartmann's Thin
Boundaries, Tellegen’s Absorption, and Murray’ s Need for Sentience, as
well asto corresponding factorsin alternative measures of the Five-Factor
Mode (e.g., Goldberg’ sintellect). It showssmaller, if still significant,
correlationswith measures of intelligence and divergent thinking ability.

Thisbody of empirical findings has been used to develop a
conceptualization of Opennesswith both motivational and structural
aspects. Although Opennessisessentially amatter of differencesinthe
internal processing of experience, it hasfar-reaching consequencesin social
interactions. A review of theliterature showed that Opennessor related
constructswereimportant for understanding cultural innovation, political
ideology, social attitudes, marital choice, and interpersonal relations.
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Collaborators. Kerry Jang, Ph.D., and W. John Livesley, M.D., Ph.D.,
University of British Columbig; Fritz Ostendorf, Ph.D., AloisAngleitner,
Ph.D., and Rainer Riemann, Ph.D., University of Bielefeld; Robert P.
Archer, Ph.D., Eastern VirginiaMedical School; Jennifer Fontaine, Ph.D.,
VirginiaConsortium for Professional Psychology; Oliver P. John, Ph.D.,
University of Californiaat Berkeley; John Loehlin, Ph.D., University of
Texasat Austin; MargaridaP. deLima, Ph.D., and Antoino Simoes, Ph.D.,
University of Coimbra; IrisMarusic, Ph.D., and Denis Bratko, Ph.D.,
University of Zagreb; Gian Vittorio Caprara, Ph.D., and Claudio
Barbaranelli, Ph.D., University of Rome; Joon-Ho Chae, Ph.D., Sogang
University; Ralph L. Piedmont, Ph.D., Loyola College of Maryland;
Martina Hrebickova, Ph.D., Academy of Sciences of the Czech Republic;
MariaAvia, Ph.D., Jesus Sanz, Ph.D., and Maria Sanches-Bernardos,
Ph.D., Universidad Complutense de Madrid; Peter B. Smith, Ph.D.,
University of Sussex; ThomasA. Martin, Ph.D., Susquehanna University;
Valery Oryal, Ph.D., Ivan Senin, Ph.D., and Alexey Rukavishnikov, Ph.D.,
Y arodlavl State University; Y oshiko Shimonaka, Ph.D., Katsuharu
Nakazato, Ph.D., Y asuyuki Gondo, Ph.D., and Midori Takayama, Ph.D,
Tokyo Metropolitan Institute of Gerontology; Juri Allik, Ph.D., University
of Tartu.
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program on Emotions and Quantitative Psychophysiology. His research interests concern biological and
psychological adaptation and flexibility in the context of dynamical systems models with applications to
psychopathology, pathophysiology, and health. This work utilizes indices of autonomic nervous system
function derived from cardiac variability measures to probe whole organism systems.
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Heart Period Variability asan Index of Neurovisceral I ntegration: One
aspect of our research program isto develop, elaborate, and apply amodel
of neurovisceral integration in the context of normal and pathol ogical
functioning. Thismodel uses heart period variability (HPV) to index the
functioning of central-peripheral feedback mechanismsthat produce goal -
directed behavior. We haverelated HPV to attentional regulation and
affectiveregulation in humans. These studies suggest that autonomic,
attentional, and affective regulation are coordinated in the service of system
adaptability and goal-directed behavior.

Autonomic Char acteristicsof Anxiety and M ood Disorders: Anxiety
and depression are disorders associated with somatic symptoms such as
tachycardia, rapid breathing, and disturbed sleep. Moreover, anxiety and
depression arerisk factorsfor cardiovascular morbidity and mortality. Our
research hasfocused on the autonomic characteristics on these disordersto
investigate their physiological and psychological concomitantswith aneye
toward understanding their devel opment, course, and treatment. Research to
date indi cates that these disorders are associated with arel ative decreasein
vagally mediated cardiovascular control. Thislack of cardiac vagal control
isassociated with poor affective and attentional regulation. Importantly,
these deficitsnormalize with therapeutic intervention.
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Cardiovascular Variabilitiesand Health: We are examining the
relationship between HPV and cardiovascular system control. Thisresearch
suggeststhat HPV and blood pressurevariability (BPV) areinversely
related in the healthy, intact organism and servesto maintain adequate bl ood
pressure control. In spinal cord injury, the relationship between HPV and
BPV can become dysfunctional, leading to poor blood pressure regulation
and increased risk for cardiovascular disorders.

Collaborators: ThomasD. Borkovec, Penn State University; JosF.
Brosschot, University of Leiden, Netherlands; Bruce H. Friedman, Virginia
Tech University; Arve Asbjornsen, Kenneth Hugdahl, Bjorn Helge
Johnsen, Jon Christian Laberg, University of Bergen, Norway; Richard D.
Laneand Geoffrey L. Ahern, University of Arizona; Richard A. Tyrrell,
Clemson University.
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University of California, Berkeley, and academic positions at University of California, Davis and The Johns
Hopkins University, he joined NIA as a Senior Staff Fellow in the Stress and Coping Section. Since 1997, he
has been Chief of the Cognition Section in the Laboratory of Personality and Cognition. His research interests
include individual differences in cognition and personality and their relationship with adult morbidity and
mortality, predicting the onset of cognitive impairments and Alzheimer’s disease, and the role of genetics in
cognitive declines and personality.
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Distinguishing Pathological from Normal Cognitive Aging: Researchin
the Cognition Section focuses on di stingui shing pathol ogical from normal
cognitive aging. The purpose of thisresearch isto identify predictors of
cognitive morbidity, and to identify which cognitive processes are preserved
with aging and which processes are vulnerabl e to disease. An important
effort of research in the Cognition Section isfocused on longitudinal
research in the Baltimore Longitudinal Study of Aging (BLSA). Cognitive
tests have been administered to participantsin the BLSA since 1960. Some
individuals presently in the study have as many as seven repeated
assessmentsbeginning inthe 1960's.

The cognitivetests administered to participantsin the BL SA reflect our
primary interest in pathol ogical cognitiveimpairments, especially
Alzheimer’ sdisease (AD). The cognitivetesting programisdivided into
two batteries, onefor longitudinal prediction and another for cognitive and
neuropsychological outcomes. Thelongitudinal repetitions of thesetests
distinguish typical changesin performance associated with aging from
changesin performance which may be associated with disease when
combined with neurological and neuropsychological outcomesand clinical
diagnosesof AD.

Anincreasingly important area of research in the Cognition Section focuses
on factorsthat reducetherisk of cognitive declines. An exampleof this
focusisthefinding that nonsteroidal anti-inflammatory drugsreducetherisk
of Alzheimer’ sdisease. Another example of thisfocusisbased on recent
findingsthat estrogen replacement therapy reducestherisk for both AD and
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cognitive declinesin post-menopausal women. In an intervention study
testing the effects of hormone replacement on cognition, we are examining
the effects of estrogen and testosterone in older women and menin
conjunction with structural and functional neuroimages.

Cognitive Declinesin Aging Subj ects Free of Dementing Diseases. In
peoplewith no signs of dementia, some cognitive abilitiesresist decline
while other abilities show characteristic age-related changes beginning in
the 50’ sor 60’ s. Research by investigatorsin the Cognition Section has
shown that vocabulary scoresgenerally resist declines, and may increase
slowly over timeuntil there are small decreases after the eighth or ninth
decades. Immediate visual memory shows amuch different pattern of
change. Wefound that errorsinimmediate visual recall increased
exponentially with increased age in both cross-sectional and longitudinal
analyses.

Wealso found that there were different rates of change in separate types of
errorsover time. Distortions, rotations, perseverationsand mislocationswere
themost frequent errorsacrossall ages. Although older participants made
significantly greater errorsregardliess of error type, the greatest age
differenceswerefound for distortions and omissions. Men and women
showed similar patterns of age-associated increasesin errors, but therewasa
significant interaction between gender and error typeindicating that women
acrossall ages made more omissions and rotations, not other typesof errors.
Longitudinal analyses showed that distortions, omissions and rotations
increased with age. Although women made more omission errors, men
showed steeper increases with age.

Long-Term Predictionsof Cognitive lmpairment and Dementia: The
onset of cognitiveimpairment iseither adiscrete event or agradual process
that manifests over time. We asked whether changesin previoustest
performance predict evidence of cognitiveimpairment assessed by the Mini-
Mental Status Examination (MM SE) over relatively longintervals. We
hypothesized that visual memory administered prior to the MM SE would
significantly account for cognitiveimpairment after controlling for age at
mental status exam and vocabulary score (ameasure highly related to
genera intelligence). The correlations between visual memory and MM SE
over 6-8 and 9-15 yearswere .36 and .34 (p < .05). Theseresults provide
preliminary evidencethat mental status can be predicted, at least in part, by
earlier performance on cognitivetests. Although the present findingsare
limited to only these cognitivetests, they provideimportant evidence that
early signs of dementiamay be detectable as many as6-15 yearsprior to
noticeabl e decline on mental statustests.
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Six-year changesinimmediate visual memory predicted Alzheimer’ sdisease
(AD) prior toitsonset. Individualswith diagnoses of AD had larger
changesinimmediate memory performance over the six-year interval prior
to the estimated onset of their disease than subjectswithout AD. Six-year
longitudinal changeinimmediate visual memory performance also predicted
subsequent cognitive performance 6-15 and 16-22 years|ater, even after
adjusting for theinfluences of age, general ability, andinitial immediate
memory. Theseresults provide evidencethat changein immediate visual
memory performance haslong-term prognostic significance. Theseresults
further suggest that change in recent memory performance may be an
important precursor of the development of the disease.

Analysescomparing BLSA participants who devel oped dementing illnesses
with nondemented participants al so showed that particular errorsin visua
memory may be more sensitive markers of impairment than others. More
than 5 years before the onset of illness, demented individuals made more
distortion errorsthan participantswho did not devel op dementing illnesses.
In addition, individualswith signs of dementiahad significantly greater rates
of changein perseverations, rotations, and size errors compared with
nondemented participants. These findings suggest that immediate visual
memory isan important test for distinguishing normal from pathological
cognitive decline and that specific typesof errorsin short-term memory may
beimportant early markersof dementia.

Risksand Protective Factorsfor Cognitive Decline: If cognitive decline
isan important predictor of pathological cognitive aging thenit seems
reasonableto investigate factorsthat decrease or increase therisk of
cognitive decline. Estrogen replacement therapy (ERT) isincreasingly
recommended for postmenopausal women dueto its potential beneficial
effectson physical health in older women. The possibility of aprotective
effect on cognitive function has also been suggested. In the BLSA, women
receiving hormonetreatment at the time of testing made significantly fewer
errorsinimmediate visual recall than women who were not on hormone
therapy. Less memory change was found in women who started hormone
therapy between examinations than women who never received hormone
therapy. Thesefindings support the notion that estrogen hasabeneficial role
on cognitive functioning in aging women.
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We continue to extend our present studies on therisks and protective factors
for cognitive declinesand dementias. In particular, aswe gather additional
repeat dataon which to base reliable measures of cognitivetrajectories, we
will relate apoE and other genotypi c and genomic measuresto determine
whether there are critical periodsof decline. In addition, wewill examine
therole of modulators of cognitive decline such as hypertension and
hormone replacement therapy, particularly in conjunction with MRI
anatomical and PET functional assessments. Wewill also examine
chronicity of hypertension, adequacy of blood pressure control, and
differential effectsand interactionswith other known risks such as apoE
genotype.

Socioeconomic Statusand Race: Littleisknown about therisks and rates
of cognitive change asafunction of socioeconomic statusand race,
particularly the extent to which health disparities moderate these
relationships. We haveinitiated anew study, Healthy Agingin
Neighborhoods of Diversity acrossthe Life Span (HANDLS). HANDLS s
amultidisciplinary, prospective epidemiol ogic longitudinal study withwhich
we hopeto disentangle the rel ationships among race, socioeconomic status,
and health outcomes. The study examines whether race and socioeconomic
statusinfluence health disparitiesin cardiovascul ar health, cerebrovascul ar
health, and change in cognitive performance over time. HANDL S deploys
anovel datacollection paradigm by using mobile medical research vehicles.
These vehicles serve as community-based platformsfor clinical research,
and we usethem astoolsfor creating effective methodsfor recruiting and
retaining non-traditional research participantsinto age-related clinical
research. Although we expect data collection to begin in 2004, pilot studies
have demonstrated the utility of using mobile medical research vehiclesin
thecommunity.

Collaborators: Richard O’ Brien, M.D., Johns Hopkins School of
Medicine; Shari Waldstein, Ph.D., University of Maryland Baltimore
County; Katherine Tucker, Ph.D., TuftsUniversity.
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Biography: Dr. Resnick received her Ph.D. in Differential Psychology and Behavioral
Genetics from the University of Minnesota and completed a postdoctoral fellowship in
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Research Assistant Professor of Psychology in Psychiatry at the University of Pennsylvania prior to joining
the Laboratory of Personality and Cognition, NIA in 1992. She studies brain-behavior associations in health
and disease and is the principal investigator of the brain imaging component of the Baltimore Longitudinal
Study of Aging (BLSA). This longitudinal neuroimaging study focuses on early structural and physiological
brain changes that may be predictors of memory and cognitive change in older individuals. Through this study

and others in the BLSA,

she has also been examining the hormonal modulation of age-associated cognitive

and brain changes. Based on findings from these studies, she initiated the Women'’s Health Initiative Study of
Cognitive Aging (WHISCA), an ancillary study to the Women'’s Health Initiative Memory Study (WHIMS) and
the WHI randomized trials of the effects of hormone therapy.
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Brain Changesas Predictors of Cognitiveand Memory Decline: The
goal of our research programisto identify brain changeswhich may predict
declinesin memory and other cognitivefunctionsin older individuals. We
use magnetic resonanceimaging (MRI) to measure the structure of the brain
and positron emission tomography (PET) to measure changesin regional
cerebral blood flow (rCBF) during the performance of memory tasksand
over time. A variety of risk and protective factorsfor cognitive impai rment
and dementiaare examined.

Early Markersof Alzheimer’sDisease- Brain Changesin the
Baltimor e L ongitudinal Study of Aging (BL SA): Weare performing a
longitudinal neuroimaging study involving annual MRI and PET scansand
neuropsychological evaluationsin selected BL SA participants aged 55 and
older. Thislongitudinal design providesasensitiveway to investigate the
relationship between changesin brain structure and physiology and decline
in memory and cognition. Furthermore, using the wealth of prior
psychological and medical information availablefor BL SA participants, we
are ableto examinetrajectories of cognitive aging in relation to individual
differencesinthebrainyearslater. To date, approximately 155 individuals
(90 men, 65 women) have enrolled in the brain imaging study and have
completed as many as 10 annual assessments.
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The specific goals of thisstudy are: to determinetherate of brain changes
with age, including increasesin brain atrophy and ischemic/demyelinating
white matter abnormalities; to determine the association between trgjectories
of memory and cognitive change and changesin brain structure and
function; and to determine whether risk and protectivefactors, such as
genetic susceptibility factors, hormone replacement therapy, use of non-
steroidal anti-inflammatory agents, and vitamins, modul ate these
relationships. An understanding of the associations between brain and
neuropsychological changes, aswell as early detection of these changes,
will becritical inidentifying individualslikely to benefit from new
interventionsin preventing and treating Alzheimer’ sdisease and other
memory problemsintheelderly.

MRI datafromthefirst 5 yearsof our longitudinal brainimaging study have
been published. A great deal of effort in our laboratory hasfocused on the
development and validation of an image processing approach that provides
sufficient accuracy for longitudinal studies. Quantitative analysisof MRI
volumes, including separate estimates of gray and whitetissue volumesand
cerebrospina fluid (CSF), reveal ed cross-sectional age and sex differences
inbrain and ventricular volumes. The cross-sectional findingsfromtheY ear
1 MRI scansindicate less gray and white matter volume and more
ventricular CSF in older compared with younger participants; the magnitude
of thesefindingsisdifferent acrossfrontal, parietal, temporal and occipital
brain regions. There were no detectable changesin lobar brain volumes
over aone-year period, but therewasasmall but significant increasein the
volume of the ventricles. In contrast to findings over one-year, four-year
follow-up datarevealed significant tissuelossin both gray and white matter
volumes, even in asubgroup of very healthy elderly. Annual rates of tissue
losswere5.4+0.3,2.4 + 0.4, and 3.1 + 0.4 cm?® per year for total brain,
gray, and white volumes, respectively, and ventriclesincreased by 1.4+ 0.1
cm® per year (3.7, 1.3, 2.4, and 1.2 cm®in very healthy). Investigation of age
effects on tissue characteristics was performed through quantification of
changesin MR signal intensities. Wefound asignificant negative

associ ation between age and gray-white contrast at initial evaluation

(r = -.49, p<0.0001) and longitudinal declinein gray-white contrast over
thefour-year interval. Theselongitudinal changesintissue contrast are
unrelated to changesin gray and white matter volumes, indicating that each
providesuniqueinformation. Wewill investigate whether these measures of
gualitative changesin tissue characteristics enhance our ability to detect
cognitiveimpairment.
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We have al so examined the effect of Apolipoprotein E genotypeon
hippocampal volumes and rates of longitudinal hippocampal volumeloss.
Neuroimaging study participants without dementiawho carry thee4 allele
(e4+) did not differ from those negativefor theed allele (e4-) at initial
evaluation. In contrast, e4+ individual s showed afaster rate of hippocampal
volumelossthan age, sex and education matched e4- individuals. Because
both the presence of the e4 alele and hippocampal volumelossarerisk
factorsfor Alzheimer’ sdisease (AD), our findings suggest one mechanism
by which e4 genotype may confer anincreased risk for AD.

In addition to morphologic predictors of cognitiveimpairment and AD, we
areinvestigating the utility of early blood flow changes as predictors of
cognitive and memory change. PET-rCBF studies are performed annually
aspart of our BLSA neuroimaging study. These scans are obtained under
three conditions: during rest and the performance of verbal and figural
delayed recognition tasks. This procedureis conceptualized asacognitive
stresstest to examine age-associated changesin rCBF during increased
demand. Our memory tasks produce robust patterns of CBF activation, with
increased blood flow in prefrontal cortex (right > |€eft), bilateral insulaand
visual association areas during memory recall. In addition, voxel-based
maps of the associations between age and resting rCBF (normalized for
global CBF) demonstrate significant negative correl ations between age and
CBFintheinsular and superior temporal regions, and in visual association
cortex (Areas 18 and 19) bilaterally for both men and women. To our
knowledge, this samplerepresentsthelargest study of associations between
age and regiona CBF studied with PET and provides adetailed map of age
differencesin blood flow during aperiod of accel erating cognitive and
memory decline. Complementary to our PET studies, we perform cross-
sectional studiesof age differencesin brain activation using functional MR
(fMR) and behavioral probestargeted to specific brain regions. Because our
volumetric MR studiesand behavioral studies suggest specific vulnerability
of orbital frontal cortex and mesial temporal regionsto age changes, we
have conducted MR studies of aging using adelayed-match-sample
paradigm to investigate orbital frontal regionsand avirtual navigation task
to investigate age effects on parahippocampal activation.

Effectsof Hormoneson Cognitive Decline:

Postmenopausal Hormone Therapy: A major focus of our research
programistheinvestigation of the potential modulatory role of hormone
replacement therapy onrisk for Alzheimer’ sdisease and cognitive and
memory declinein older women. We have shown that women in the BLSA
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who had ever used estrogen replacement therapy had areduced risk of
developing Alzheimer’ sdisease in comparison with women who had never
used hormone therapy. We have al so shown that nondemented womenin
the BL SA who were using estrogen replacement therapy performed better
on atest of short-term memory for designs compared with never-users. Ina
small subgroup of women with memory assessments prior to and following
initiation of hormonetreatment, the estrogen therapy appeared to protect
against age-associated declinein memory. We have also compared ERT
users and nonuserswho participatein our longitudinal imaging study. ERT
users and nonusers showed significant differencesin the patternsof brain
activation during the performance of memory tasks. Most recently, we
reported that ERT users compared with nonusers showed greater relative
increasesover a2 year period in CBF in the hippocampus, entorhinal
cortex, posterior parahippocampal gyrus, and portions of thetemporal lobe.
Interestingly, these regions overlap substantially with those showing
physiologic abnormalitiesinearly AD and inindividualsat increased
geneticrisk for AD.

Thesefindings, suggesting possible beneficial effectsof hormonetherapy in
mai ntai ning cognitive function, are challenged by the recent report from the
Women' sHealth Initiative Memory Study (WHIMS) showing that daily
doses of combination estrogen plus progestin doubled therisk for dementia
in women randomized to receive hormone treatment after age 65. However,
WHIM S did not addressthe effects of hormone treatment on specific
cognitive functions. To addressthisquestion, weinitiated an ancillary study
tothe WHIM S and WHI in collaboration with the WHIM Sinvestigators.
Thisstudy, theWomen’ sHealth Initiative Study of Cognitive Aging
(WHISCA), examinesthe effects of hormone treatment (combination
estrogen plus progestin in women with auterus and estrogen only in women
without auterus) on longitudinal changein memory and other cognitive
functionswithin the context of thelarge randomized intervention trial.

DHEA and Cognition: Dehydroepiandrosterone (DHEA) isawidely
avail able hormone marketed as an anti-aging dietary supplement beneficial
for physical and cognitive health. We have examined the associ ations of
plasma concentrations of DHEA sulfate (DHEAS) and longitudinal
changesin DHEA S with cognitive changesin older meninthe BLSA. In
thislarge sample, there were no associations between DHEAS
concentrationsor longitudinal changesin DHEA S and multiple measures of
cognitive change. These data offer no support for the hypothesized

rel ationship between endogenous DHEA levelsand cognitive health.
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Testosteroneand Cognition: In contrast to thelack of associations
between endogenous DHEA concentrations and cognition, we found that
anindex of endogenous free testosterone was associated with performance
on specific cognitive tasksin older men. Higher freetestosteroneindex
(FTI) was associated with better performance on tests of verbal and figural
memory and attention, even after adjusting for age and medical conditions
that influence endogenoustestosteronelevels. Interestingly, these

associ ations with specific aspects of cognition were not found for total
testosterone and were specificto the FTI, whichismore closely related to
bioavailabl e testosterone and the fraction that may actually reachthebrainto
influence central nervous system functioning.

FutureDirections: Our futurework will emphasize continuation of the
longitudinal neuroimaging study, including continued acquisition of annual
evaluations, further analyses of existing imaging and neuropsychological
data, development of new approachesfor longitudinal analyses of functional
images, and examination of modulating factors on the relationship between
brain and neuropsychological changes. The datacollected over thefirst 5
years of the study indicate substantial changesin brain volumesand
ventricular CSF, but little overall cognitive change. It will becritical to
continue repeated eval uations to examine the rel ation between brain and
cognitive changes asthe number of individua swith cognitive decline
increases over the duration of the study.

Another important areaof future research, which hasonly recently received
attentionin the brainimaging literature, istherole of modulatory factorson
brain morphol ogy and function. We are examining suggested risk and
protectivefactorsin relation to brain changes, neuropsychological changes
and their association. For example, dataon family history for Alzheimer’s
disease, apolipoprotein E genotype, head trauma, history of hypertension,
use of hormonetherapy, and circul ating hormones (DHEA, testosterone,
cortisol) arebeing investigated as potential modul ators of therelationship
between brain and neuropsychol ogical changes. The neuroimaging study
will be expanded to younger adultsto determine whether our observations
of sex differencesin the brain reflect group differencesor differential aging
for men and women. Ongoing and future work will include intervention
studiesto examine suggested protective agents, such asestrogen and
testosterone, on brain structure and function. Through WHISCA, wewill
continueto investigate the effects of postmenopausal hormone treatment on
specific cognitive function.
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Collaborators: Christos Davatzikos, Ph.D., Dinggang Shen, Ph.D.,
University of Pennsylvania; Michael Kraut, M.D., Ph.D., Jerry Prince,
Ph.D., Johns Hopkins University; Randy Mclntosh, Ph.D, Rotman Institute,
University of Toronto; Sally Shumaker, Ph.D., Steve Rapp, Ph.D., Mark
Espeland, Ph.D., Wake Forest University.
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Brain Physiology and Metabolism Section

Stanley I. Rapoport, M.D., Chief

NIH Bethesda

Bldg. 10, Room 6N202
Phone 301-496-1765
Fax 301-402-0074

TheBrain Physiology and M etabolism Section (BPM S) studiesbrain
phospholipid metabolism in intact animals and humans, as well as
synaptic integrity and function in aging and Alzheimer’ s disease. Methods
involvein vivo tracer studies, chemical analytical techniques, quantitative
autoradiography, and positron emission tomography (PET). Studies are
related to neuroplasticity and signal transduction, central action of drugs,
and nutritional regulation of brain fatty acid metabolism.

(1) Brain Phospholipid Metabolism in Signal Transduction and
Neuroplasticity: Radiolabeled long chain fatty acids are injected
intravenously into awake rodents. By mathematical modeling, rates of
incorporation into brain phospholipids, recycling and half lives are
determined. Short half-lives (minutes to hours) and high turnover rates
within brain phospholipids reflect their active participation in signal
transduction and membrane modeling. Brain incorporation from plasmaof
labeled arachidonic acid, an important second messenger, isincreased in
responseto cholinergic and dopaminergic agonistsin rat model s of
Alzheimer’ s disease (chronic unilateral lesion of nucleus basalis) and
Parkinson disease (chronic unilateral lesion of substantianigra),
respectively, reflecting upregulation of phospholipase A- mediated signal
transduction. Upregulated signaling may beimaged in the human brain
using positron emission tomography (PET) and [C:]arachidonic, and may
help inthe early diagnosis and understanding of disease mechanisms of
neurodegenerative disorders.

The fatty acid model can elucidate targets for centrally acting drugs with
indeterminate modes of action. For example, the model has shown that
lithium, used to treat manic depressive (bipolar) disorder reduces turnover
of arachidonate within brain phospholipids by 80%, by downregulating
geneexpression (MRNA level) and enzyme activity of an arachidonic-
specific phospholipase A.. Other antibipolar disorder drugs, valproic acid
and carbamazepine, have effectslike lithium on brain arachidonic acid
metabolism, suggesting that this metabolismisacommon target for such
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drugs. With thisinformation, we may design drugslesstoxic and witha
wider therapeutic window than lithium for treating bipolar disorder. The
model has demonstrated that the brain respondsto nutritional deficiency of
the polyunsaturated essential fatty acid, docosahexaenoic acid, by reducing
itsturnover and metabolism within brain phospholipids, thus helping to

retainit.

(2) Imaging Signal Transduction in theHuman Brain: Invivoimaging
methodsinvolving positron emission tomography (PET) were developed to
examine brain blood flow and arachidonic and docosahexaenoic acid
metabolism at rest and during activation in healthy subjectsinrelationto
age, and in patientswith Alzheimer’ sdisease or chronic alcoholism. An
activation, or stresstest, was shown to quantify changesin signal
transduction inrelation to dementiaprogression in Alzheimer’ sdisease, and
to be effectivein studying activation involving thefatty acids.
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Brain Phospholipid M etabolism in Relation to Signal Transduction
and Neuroplasticity: Phospholipids are major constituents of cell
membranes and participate in neuroplastic remodeling and signal
transduction. We developed in rats an in vivo method and model to
localize and quantify brain phospholipid metabolism and turnover of fatty
acids within specific sites of brain phospholipids. A radiolabeled long
chain fatty acid (unsaturated arachidonate or docosahexaenoate, saturated
palmitate) isinjected intravenously and its rate of incorporation into brain
is measured using quantitative autoradiography and chemical analysis.
With this model, we showed that lithium, used clinically to treat manic
depressive disorder, reduces arachidonate turnover by some 80% without
affecting turnover of docosahexaenoate and palmitate, and thus likely acts
on phospholipase A.. Additionally, C:-labeled fatty acids were synthesized,
in collaboration with the PET Department at NIH, and are used to image
phospholipid metabolism of monkey brain with PET (tracer uptake was
independent of blood flow) and to initiate a clinical PET protocol on
healthy controls at rest and during activation. We plan to extend this
protocol and related animal protocols to image phospholipase A:-mediated
signal transduction involving the brain, cholinergic, serotoninergic and
dopaminergic systems.

Synaptic Dysfunction in Aging and Alzheimer’ sDisease: Invivoimaging
methodsinvolving positron emission tomography (PET) were developed to
examine brain blood flow and metabolism at rest and during activationin
patientswith Alzheimer’ sdisease and in healthy control subjects. The

Brain Physiology and Metabolism Section
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activation, or stress paradigm, wasfound to quantify synaptic integrity.
Synaptic integrity was shown to decline with dementiaprogressionin
Alzheimer’ sdiseasein two stages, thefirst potentially reversibleand
sensitive to synaptic enhancing drugs (e.g. physostigmine), the second
irreversible and associated with mitochondrial and synaptic dropout.

Collaborators: Dr. William Eckelman, PET Department, Clinical Center,
NIH; Dr. Norman Salem, L aboratory of Membrane Biochemistry and
Biophysics, National Institute on Alcohol Abuse and Alcoholism, NIH;
Dr. Joseph Deutsch, School of Pharmacy, Hebrew University, Jerusalem,
Israel; Dr. Pietro Pietrini, University of Pisa, Italy; Dr. Harald Hampel,
University of Munich, Germany; Dr. Kimmo Hatanpaa, Y ae University,
New Haven; Dr. Gene Alexander, University of Arizona, Phoenix.
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TheMolecular Dynamics Section (M DS) focuses on theinterplay
between structure and dynamics and how these influence biological
function. The section is presently involved in studying the structural and
dynamic factors in hemoglobin which regulate the binding of oxygen, the
uptake and release of nitric oxide as well as autoxidation with its
associated release of superoxide. Thefinding that autoxidation of
hemoglobin is appreciably enhanced at reduced oxygen pressures, has lead
to the proposal of a novel method for producing oxyradicals under hypoxic
conditions. Studies are being performed on erythrocytes, interaction of
erythrocytes with other tissues and with whole animals to determine to
what extent this mechanism contributes to the pathophysiology of aging.
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Molecular Dynamics Section: The Molecular Dynamics Section under the
direction of Joseph Rifkind is studying therole of oxygenin biological
systemsand how it influencesthe aging process. Thered cell isresponsible
for thetransport of oxygen through the circulatory system and the delivery
of oxygento thetissues. Inthered cell, oxygenisreversibly bound to Fe(I1)
of hemoglobin with molecul ar oxygen released at reduced oxygen pressure.
However, both oxygen and iron can undergo oxidative and reductive
processes with the Fe(I1) oxidized to Fe(l11) and Fe(1V), while oxygen can
be reduced to superoxide, hydrogen peroxide and hydroxyl radicals. The
ramifications of these oxidative reactionsin red cells have been the focus of
the Molecular Dynamics Section.

A multipronged approach to red cell oxidative stress has been employed
directed at understanding the source of thisoxidative stressand its
physiological ramifications. (1) We haveinvestigated the mechanism
whereby oxyradicals are produced under hypoxic conditions. Using

€l ectron paramagneti ¢ resonance combined with visible spectroscopy,
fluorescence spectroscopy and molecular dynamics simulations, weare
studying the hemogl obin autoxidation process which produces oxyradicals.
(2) We have been studying how these processes produce cellular damage
despite the presence of antioxidants and the enzyme systems designed to
protect from oxidative stress. Under hypoxic conditions, thereisan
enhanced affinity of hemoglobin for the erythrocyte membrane. The
superoxidethat isliberated from hemoglobin bound to the membraneis
relatively inaccessibleto cytoplasmic superoxide dismutase and ideally
located to damage thered cell membrane. This hypothesisis supported by
theformation of protein cross-linksand adecreasein red cell deformability
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when red cellsareincubated under hypoxic conditions. An additional
source for membrane damage isthe accumul ation of hydrophobic heme
degradation productsin the membrane. (3) Impaired red cell deformability
found to be induced under hypoxiaisalso associated with subject aging. We
arevery interested in understanding altered deformability in the aged aswell
asother decrementsin blood rheology. Our studies suggest alink with
oxidative stresswhich could originatein hypoxic induced oxyradical
production. Recent resultsindicate greater oxidation in venous blood than
arterial blood confirming the production of oxyradicals as blood passes
through the capillary bed at reduced oxygen pressures. The physiological
ramificationsof red cell oxidative stressare currently being investigated by
probing physiological effectsthat result from injecting into an animal blood
containing red cellsunableto deal with oxidative stress.

We haverecently expanded our studies of the detrimental red cell oxidative
processesinto two areas. (1) We have extended our understanding of thered
cell oxidative processes and how hemogl obin-membraneinteractions
contributeto red cell oxidative processes by bypassing the cellular
protective mechanisms. In the course of these studies, we have studied the
secondary oxidative processes, which irreversibly damage the heme, and
used the damaged high-spin rhombic heme and fluorescent degradation
products as markersfor the extent of red cell oxidative processes. (2) We
haveinitiated aprogram directed at investigating the possibility that red cell
interactionswith amyloid fibrils may contribute to thetoxicity of thesefibrils
and the pathophysiology of Alzheimer’ sdisease.

At the sametime, we haveinitiated anew program to investigate the

rel ationship between hemoglobin oxidation and therole of thered cell in
regulating nitric oxide delivery to the vasculature. Thisprogram has
identified an important reaction between deoxygenated hemoglobin and
nitrite that producesalabilereactiveform of nitric oxide, which can
improvetheflow of blood through the microcirculation.

Collaborators: P.T. Manoharan, Ph.D., Indian Institute of Technology,
Madras, India; Avraham Mayevsky, Ph.D., Bar llan University, Isradl;
Darrell Abernethy, M.D., Ph.D., Laboratory of Clinical Investigation, NIA;
Mark Mattson, Ph.D., Laboratory of Neurosciences, NIA; Donald Ingram,
Ph.D., Laboratory of Experimental Gerontology, NIA; Samer Ngjjar, M.D.,
Laboratory of Cardiovascular Science, NIA; Jerome Fleg, M.D., National
Heart, Lung, and Blood I nstitute, NIH; Jeffrey Metter, M.D., Clinical
Research Branch, Longitudinal Studies Section, NIA.
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Clinical Research Branch

Dan L. Longo, M.D., Acting Chief
Harbor Hospital

3001 S. Hanover Street, 5th floor
Baltimore, MD 21225-1290
Phone 410-350-3964

Fax 410-350-3979

The Clinical Resear ch Branch (CRB) isorganized into the Office of the
Clinical Director and five sections (Longitudinal Studies Section, Health
Disparities Research Section, Trandational Research and Medical Services
Section, Clinical Support Section and the Clinical Information and Data
Management Section).

Theoverall goals of the CRB are: 1) the conduct of major longitudinal

studies of aging including the Baltimore Longitudinal Study on Aging
(BLSA) and the Healthy Aging in Neighborhoods of Diversity acrossthe
Life Span (HANDLYS) studies; 2) to support and carry out translational
research inthemajor areas of clinical research focusof NIA Intramural
Research Program laboratoriesincluding longitudinal studiesand
interventional trialswith afocus on cardiology, neurology, endocrinology
and oncology disease areas. In thelatter, the branch: 1) providesthe
infrastructure needed to promote high quality clinical research andto ensure
patient safety including: protocol review, clinicinfrastructure, nursing and
physician support, clinical informatics, dataand safety management; 2)
monitors and maintains quality assurance of theintramural clinical research
program; 3) developsand implementsclinical program priorities, allocates
clinical resources; 4) integratesthe established research themes and projects
with clinical relevance from various | RP laboratories and branches; 5)
evaluates program effectiveness and represents the IRP in management and
scientific decision-making meetingswithin the Institute; 6) coordinatesthe
credentialing of health care providerswithin the Institute; 7) coordinates and
providesclinical research training for NIA staff and fellowsand 8) devel ops
novel approachesfor carrying out trans ational research in an efficient and
cost-effective manner.
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Ongoing research projectswithin the branch include: two largelongitudinal
studies, the BLSA and HANDLS; studies of factors predisposing patientsto
osteoarthritis and eval uation of muscular changes contributing to disability
from thisdisease and studies of neuromuscular/strength changeswith aging.
The NIA IRP CytapheresisUnit isalso apart of CRB. This unit conducts
cytapheresison BL SA participants and other normal volunteers providing
important clinical research materials (T-cells, B-cells) to program
investigators examining immunosenescence, therole of telomeresin human
aging and other agerelated research. In addition, the CRB supportsall other
clinical studies conducted withinthe NIA IRP through provision of Protocol
Support, Pharmacy Support and Clinical Core Laboratory Support under
the Office of the Clinical Director and Nursing Support under the Clinical
Support Section of the Branch.
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Dan L. Longo, M.D., Acting Clinical Director and
Acting Chief, Clinical Research Branch and
Scientific Director, NIA

Harbor Hospital

3001 S. Hanover Street, 5th floor
Phone 410-350-3964

Fax 410-350-3979

E mail longod@grc.nia.nih.gov

Biography: After completing medical school at the University of Missouri, Columbia
and internal medicine training at the Peter Bent Brigham Hospital and Harvard Medical

School in Boston, he obtained fellowship and laboratory training at NIH and has been here for 26 years.
Before becoming Scientific Director, NIA in 1995, Dr. Longo was the Director, Biological Response Modifiers
Program, and Associate Director, Division of Cancer Treatment, National Cancer Institute, Frederick,
Maryland. He is the author of over 650 articles and book chapters. He is an editor of Harrison’s Principles of
Internal Medicine, and Cancer Chemotherapy and Biotherapy. He is an associate editor of Journal of the
National Cancer Institute and Clinical Cancer Research and he sits on the editorial boards of six other peer-
review journals. He has been cited by Good Housekeeping as one of the “Best Cancer Doctors in America”
and listed in every edition of Best Doctors in America.
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The Office of the Clinical Director and Branch Chief hasthe overall
responsibility for the administration of the Clinical Research Branch and
oversight of theclinical research program through the Protocol officeas
well as providing, through the Clinical Core Laboratory and Pharmacy
Units, central support for laboratory and pharmacy servicestoall clinical
trialsrequiring these services. Through the recently awarded MedStar
Research Ingtitute (M RI) support contract, support servicesincluding
medical records, nursing and other patient care support are also provided.
Patient travel in support of the BLSA and other protocolsisalso provided
through use of central branch resources.

TheProtocol Unit providescentral protocol support including
implementation through study initiation meetings, regulatory monitoring and
physician credentialing servicesfor all protocols supported withinthe NIA
Intramural Research Program (IRP). The office providesacentral site
through which proposed clinical studiesundergoinitial concept review
through themonthly Clinical Investigator’ sMeeting. The office provides
support to theindividual investigator for preparation of the protocol,
necessary consents and HIPAA consentsfor IRB submission and review.
All clinical investigator and regulatory training requirements aretracked by
this office and certificates maintained on file for submission asneeded to
meet |RB documentation requirements. In addition, the office maintainsthe
regulatory fileson all protocolsincluding all Institutional Review Board
correspondence, stamped consents, original and modified protocol
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submissions and on study registration viaon study cards. The unit interacts
with the Clinical Information and Data M anagement Section to complete

| RP wide implementation of the Study Manager ™ program to permit
monitoring off all trialswithinthe IRPfor protocol accrual, compliance and
cost projection/ monitoring.

The Resear ch Phar macy Unit supports research pharmacy needsfor
protocolswithin the IRP. The unit, operated under the M RI-support
contract, will operate alicensed on-site pharmacy at Harbor Hospital Center
through which al investigational and support drugs are acquired and
maintained consistent with FDA and other regulationsand dispensed in
responseto specific protocol needs. The research pharmacist on staff
participatesin protocol development and saf ety eval uation as needed and
provides pharmacy specific protocol support during and following protocol
initiation.

TheClinical CorelLaboratory Unit operatesthe CLIA certified clinical
laboratory that providesbasic aswell as sophisticated monitoring for
patientsrequiring clinical testing support including hematology, chemistries,
virology screening aswell as coagulation analysis. Thisprovides cost
effective support for all protocolsrequiring clinical and research monitoring.
Theunit, interacting with the Clinical Information and Data M anagement
Section, isinstituting aLaboratory Information System (LIS) that will
provide |RP-wide support for clinical |aboratory order entry, specimen
processing and capture of clinical resultsfrom theinstrumentation operated
by the unit. ThisLISwill also directly interface with FDA and HIPAA
compliant databasesincluding Oracle Clinical ™ undergoing
implementation at the present time.

TheClinical Support Section provides medical support servicesfor all
protocolswithinthe NIA IRP. Thisincludes protocol specific Clinical
Research Coordination staff, many of whom arelicensed RNSs, research
nursing staff, medical assistants, testing personnel (cardiovascular, EMG,
DEXA), medical records and reception-scheduling staff. Thisstaff isbeing
constituted to provide flexible, adaptable support for the wide range of
longitudinal and interventional trialsongoing or currently under

devel opment.

TheLongitudinal Studies Section hasatwofold mission. Thefirstisto
manage the operations of the Baltimore L ongitudinal Study of Aging
(BLSA), amultidisciplinary longitudinal study of human aging. Research
on aging using this open panel of research volunteersis performed by
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scientistsbased in several NIA intramural research laboratoriesand
numerous outside collaborators. The second isto perform research with the
BL SA using both existing dataand datafrom newly initiated projects.

TheHealth DisparitiesResear ch Section hasthe primary objectiveto
create anew representative longitudinal study of health status acrossthe
lifespan focused on investigating the differential influences of raceand
socioeconomic status on health in an urban population. Thishasled to the
development of the Healthy Aging in Neighborhoods of Diversity across
the Life Span (HANDLS) Study, acommunity-based research effort
designed to focus on evaluating health disparitiesin socioeconomically
diverse African-Americans and whitesin Baltimore. Thisstudy isunique
becauseitisamultidisciplinary project that will not only assess physical
parameters but al so eval uate genetic, demographic, psychosocial and
psychophysiological parametersover a20-year period. It will a'so employ
novel research tools, mobile medical research vehiclestoimprove
participation rates and retention among non-traditional research participants.
Wave 1 of HANDL S pilot phase was successful in addressing its primary
goal, assessing thefeasibility of conducting acommunity-based study using
amobile medical research vehicle. Thefirst wave of the pilot allowed
refinement of thelogistical requirementsfor the conduct of clinical research
focused on several scientific and clinical domainsamong alow
socioeconomic sample. Wave 2 of the pilot phase, currently being
conducted in the same West Baltimore neighborhood, will permit further
logistical assessments of the mobile medical research vehicle(MRV I) and
the newly procured mobile medical research vehiclell (MRV 11), evaluation
of retention strategiesfor non-traditional research participants, conduct a 3-
year interim follow-up on participantsto verify and expand on findingsfrom
wave 1 of the pilot, and evaluation of new questionnaires and physical
assessmentsto be used in the upcoming epidemiol ogical study. The
epidemiologic phase of the study will commencein early 2004 oncethe
research and devel opment contract for the household listing/popul ation
sampling and recruitment is awarded.

The Clinical Information and Data M anagement Section provides
support for networking and management and analysisof clinical data. Major
initiativesincludeimplementation of Study Manager ™ in conjunction with
the Protocol Office and LI1Swith the Clinical Core Laboratory Unit. In
addition, with Oracle database programming support personnel through the
MRI contract, aninitiative has begun to implement Oracle Clinical ™ asthe
primary Clinical Research Form/Data Entry and Capture database within
theNIA IRPclinical program. This provides ascalable secure environment
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for datastorage and for generation of datasetsfor analysisby IRP staff. In
addition, with internal audit functions, access control and security, it will
provide an information capture framework that iscompliant with
increasingly restrictiveand complex FDA, Privacy Act, HIPAA and other
requirementsfor generation of research data consistent with Good Clinical
Practice guidelines and protection of identifiable health information.

The Tranglational Research and Medical Support Section will support
Clinical Investigatorson-site at Harbor Hospital. Dr. Shari Ling

(Rheumatol ogy/Geriatrics) isthe only member of this section at the present
time. NIA iscurrently recruiting talented young clinical investigatorsin
Cardiology, Genetics, Endocrinology and Oncology to support ongoing and
devel oping research programswithin these areas of speciality inthe NIA
Intramural Research Program. It isanticipated that investigatorswithin this
section will work closely with other [aboratorieswithin the IRP to develop
and support trand ational research programs utilizing basic laboratory
developmentswithinthe IRP.
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Luigi Ferrucci, M.D., Ph.D., Senior Investigator
| Chief, Longitudinal Studies Section

Harbor Hospital

3001 S. Hanover Street, 5th floor
Phone 410-350-3936

Fax 410-350-3979

E mail ferruccilu@grc.nia.nih.gov

Biography: Dr. Luigi Ferrucci is a geriatrician and an epidemiologist who conducts
research on the causal pathways leading to progressive physical and cognitive
{ decline in older persons. In September 2002, he became the Chief of the Longitudinal
: Studies Section at NIA and the Director of the Baltimore Longitudinal Study on
Aging. Dr. Ferrucci received a Medical Degree and Board Certification in 1980, a Board Certification in
Geriatrics in 1982 and Ph.D. in Biology and Pathophysiology of Aging in 1998 at the University of Florence,
Italy. He spent a 2-year internship at the Intensive Care Unit of the Florence Institute of Gerontology and
Geriatrics, and was for many years Associate Professor of Biology, Human Physiology and Statistics at the
University of Florence. Between 1985 and 2002 he was Chief of Geriatric Rehabilitation at the Department of
Geriatric Medicine and Director of the Laboratory of Clinical Epidemiology at the Italian National Institute of
Aging. During the same period, he collaborated with the NIA Laboratory of Epidemiology, Demography, and
Biometry where he spent several periods as Visiting Scientist. Dr. Ferrucci has made major contributions in
the design of many epidemiological studies conducted in the U.S. and in Europe, including the European
Longitudinal Study on Aging, the “ICare Dicomano Study,” the AKEA study of Centenarians in Sardinia and
the Women’s Health and Aging Study. He was also the Principal Investigator of the INCHIANTI study, a
longitudinal study conducted in the Chianti Geographical area (Tuscany, Italy) looking at risk factors for
mobility disability in older persons. Dr. Ferrucci is currently refining the design of the BLSA to focus more on
normal aging and the development of age-associated frailty.

Keywords: Resear ch Interests: Aging isaccompanied by aglobal susceptibility for a
epidemiology number of different diseases and functional declinethat cannot bereadily
disability assessed by the currently avail able approaches. However, the mechanism
frailty that leadsto such asusceptibility to disease and disability intheelderly is
inflammation poorly understood. One possible way of gaining abetter understanding of
Recent Publications: the relationship between aging, morbidity and disability isto examinesuch a
_ relationship in the context of longitudinal studies. Itiswidely recognized
ggggj;ci'l;’(g)t: E;'bf_’gojzy e that physical and cognitive function are strong predictors of mortality,
independently of other traditional medical markersof poor health status.
Russo CR, et al. Recent data suggest that the high prevalence of comorbidity inthe elderly
345(%‘:”’5.)‘;,'1’_55%_2003; cannot be explained by asimple stochastic process (since theincidence and
prevalence of many acute and chronic diseasesincreaseswith age, older
Lauretani F, etal. J Appl patients are morelikely to be affected by multiple conditions) but rather,
Pryoiof 2003; 950 1851 regqltsfrom aglobal susceptibility to disessethat specificindividuals
develop over the aging process. In other terms, while aging, some
Ferrucci L, etal. JAm individualsbecomemore*“frail” than othersand, asaresult of thisprocess,
onan 00 2002:5012): they areat higher risk of developing comorbidity and disability.
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Inthegeriatric literature, frailty had often been defined asastate of “ severe
disability, typical of older personsaffected by geriatric syndromesand
resident inlong-term carefacilities.” In studying frailty, we took adifferent
approach. We conceptualized frailty asadynamic processthat becomes
evident earlier inlife, when specificinterventionsare morelikely to be
effective. We a so hypothesized that frailty isastrong predictor of anumber
of negative outcomesincluding disability, hospitalizing, nursing home
admission and mortality, and that it can be detected before any of these
outcomes develop. Asafirst approximation, we used mobility asaproxy
variablefor frailty. Thereareintrinsic advantagesin using mobility asa
proxy measurefor frailty. Mobility issoimportant to lifethat efficient
mobility has probably been aprimary target for natural sel ection throughout
human evolution. Thishasled to physiologic systemsthat not only are
highly redundant but al so are capabl e of functioning andinteractingina
number of different waysto accomplish the sametask. In our studieswe
found that aging persons can use anumber of compensatory strategiesto
maintain mobility even when many physiological systemsare damaged.
Only when thislarge functional reserveisexhausted, do problemsin
mobility emerge and can be clinically detected. We conducted a series of
analyseson thelongitudinal database of the EPESE study (Established
Popul ation for Epidemiological Studiesof the Elderly) and found that in
non-disabled older persons, poor performancein mobility and balance
(performance-based tests of lower extremity function) isan independent,
strong predictor of morbidity, hospital admission, incident disability,
mortality and admission to anursing home.

Having identified arobust proxy measure of frailty, it remained to befound
why poor performancein lower extremity function issuch astrong predictor
of disability and other negative health outcomes. We conducted a series of
studiesinthisdirection. Taking alongitudinal perspective of the disablement
process, we demonstrated that in 50% of older persons, disability results
from an acute catastrophic event that, within ashort period of time, leads
from full function to severedisability in activitiesof daily living. In the other
50% of older persons, disability developsslowly and progressively and
often cannot be explained by acute pathological events, at least looking at
hospital admissions and discharge diagnoses over the same period.
Progressive disability ismoretypical of theoldest old. Using datafrom the
EPESE and the WHAS (Women’ s Health and Aging Study) studies, we
demonstrated that high IL-6 serum level isone of the strongest, independent
predictorsof accelerated decline of physical function. We demonstrated that
the predictive value of IL-6 on accelerated functional decline could be
explained by the catabolic effect of IL-6 on muscle metabolism. Using data
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fromthe WHAS, we also found that lower extremity muscle strengthiis
associated with walking speed only below acertain threshold of strength
and that thereisasynergistic effect of reduced muscular strength and

bal ance problemsin causing severe walking disability. Thesefindings
demonstrated the existence of alarge functional reservethat had been
intuitively proposed but never demonstrated and suggested that muscular
strength isthe basic mechanism for compensating for the disabling effect of
balance problems.

Recently, inthe design of the INCHIANTI study, we outlined areference
model in which theimpairmentsthat may cause mobility problemsare
grouped into six main subsystems: 1. Central Nervous System; 2. Peripheral
Nervous System; 3. Perceptual System; 4. Muscles; 5. Bones and Joints; 6.
Energy Production and Delivery. However, preliminary datasuggeststhat
the two main predictors of poor lower extremity performance arethe
reduction of muscle power (secondary to sarcopenia) and dysfunctions
(even minor) of the central nervous system but also show that many
complex interaction between the anatomical integrity and functionality of
the different subsystems. A similar paradigmiscurrently usedinthe
refinement of the design of the Baltimore Longitudinal Study on Aging. In
particular, we planto 1) study how the various physiological subsystems
that areimportant for mobility interact with agein causing disability; 2)
develop reference valuesfor theintegrity and functionality of the different
physiologic subsystemsthat areimplicated in mobility, to beused inclinical
practice; 3) look at risk factorsfor the development of “soft” neurological
impairmentsin the absence of neurological diseasethat isaready clinicaly
evident; 4) identify risk factorsfor accel erated sarcopeniaand osteoporosis,
including biomarkersof chronic inflammation, genetic polymorphismsand
circulating levelsof specific vitaminsand hormones; 5) study how
nutritional intake of macro- and micro-nutrientsinfluence health status.

Asmentioned above, our long-term objectiveisto unravel thebiological
pathwaysthat |ead to disability and comorbidity in older persons. This
research topic will be examined from different perspectivesthat can be
envisioned as superimposed layers. On the surfaceisthe behavior in the
environment that is strongly conditioned by both physical and cognitive
function. However physical and cognitive performancesrequiretheintegrity
and functionality of multiple physiologica systems, and, therefore,
reduction of physical and cognitive function may result from multiple,
possibly co-existing causes. Finaly, lossof physiological function results
from theincapacity of the organism to maintain the biological homeostasis
and to provide quantity of energy compatible with the environmental
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requests. These mechanismsinclude but are not limited to inflammation,
oxidative stress, autonomic nervous system, hormones and the multiple
adaptative mechanismsto physical activity. The study of the effect of aging
independent of diseases on these biological mechanismsand their
relationship with the development of disability isthe main target of the new
BLSA design.

Collaborators. LindaP. Fried, Jeremy Walston, Paulo Chaves, Johns
Hopkins University School of Medicine; Karen Bandeen Roche, Johns
HopkinsUniversity, School of Hygiene and Public Health; Jay Magaziner,
University of Maryland School of Medicine; Marco Pahor, BrendaW.
Penninx, Matteo Cesari, Sticht Center on Aging, Wake Forest University
School of Medicine; Stephanie Studenski, University of Pittsburgh; Mary
M. McDermott, Feinberg School of Medicine, Northwestern University;
Heikkinen E. Finnish, University of Jyvaskyla, Finland; KatherineL.
Tucker, Jean Mayer, USDA Human Nutrition Research Center on Aging,
TuftsUniversity; StefaniaBandinelli, Benedetta Bartali, Fulvio Lauretani,
AnnamariaCorsi, Italian National Institute on Aging, Florence, Italy;
Niccolo Marchionni, Mauro Di Bari, Stefano Fumagalli, I nstitute of
Geriatricsand Gerontology, University of Florence, Italy; Antonio
Cherubini, Umberto Senin, Institute of Geriatric Medicine, University of
Perugia; Stefano Vol pato, Dipartimento di MedicinaClinicae Sperimentale,
Universitadi Ferrara, Italy; Giorgio Valenti, Marcello Maggio, Gianpaol o
Ceda, Geriatrics University of Parma; MariaLuisaBrandi, University of
Florence, Italy; Giuseppe Paolisso, MichelangelaBarbieri, Angela
Abbatecola, Department of Geriatricsand Metabolism, University of
Napoli.
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E. Jeffrey Metter, M.D., Senior Investigator
Longitudinal Studies Section

Harbor Hospital

3001 S. Hanover Street, 5th floor
Phone 410-350-3980

Fax 410-350-3979

Email metterj@grc.nia.nih.gov

Biography: Dr. E. Jeffrey Metter received his M.D. from the University of California,
Los Angelesin 1971. He completed a medical internship and neurology residency at
the Mayo Graduate School of Medicine, Rochester, Minnesota in 1976. He returned to
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Los Angeles, where he became a staff neurologist and chief of the stroke rehabilitation ward at the Veterans
Administration Medical Center, Sepulveda, California. He was also on the full time faculty in the Department
of Neurology, UCLA School of Medicine. In 1987, he joined the National Institute on Aging as a physician for
the Baltimore Longitudinal Study of Aging.

Keywords:

aging

longitudinal studies
neuromuscular
cerebrovascular
prostate
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Prostate Aging and Disease: The Baltimore Longitudinal Study of Aging
(BLSA) ischaracterizing normal aging in the prostate and identifying
transitionsto prostate disease, particularly benign prostatic hyperplasia
(BPH) and prostate cancer. In addition, theresearch isusing information
about structure and function of the prostate to improve early detection of
prostate disease. Clinical evaluations of prostate growth and function have
been made in over 800 men with and without prostate disease and the
availability of stored seraand genetic material. Prospectively, BLSA men
aged from 30 to 79 have physiological, clinical and imaging of their
prostate. To date, the major accomplishments have come from analyses of
prostate specific antigen (PSA) which show that PSA increases more over a
period of yearsin men who develop BPH than in those who do not. The
rate of changein PSA iseven greater in men who devel op prostate cancer,
and the increases goes up exponentially 5-7 yearsprior to diagnosis.
Furthermore, theratio of freeto total PSA is ableto distinguish menwho
develop prostate cancer from, and those who do not, about 10 years prior to
diagnosis. Analyses of asubset of the men who devel oped prostate cancer
show that the freeto total PSA ratio islower in menwho haveclinically
defined aggressive tumors. Current work is showing that normal levels of
PSA can be stratified to identify men at high risk of developing prostate
cancer over a20to 30 year period. Alterationsin prostate structure or
function are studied in relation to the possible devel opment of prostate
disease, particularly BPH. Currently, magnetic resonanceimaging of the
prosate are performed at each visit. The dataare being analyzed to estimate
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prostate volume aswell asthe percentage of epithelial and stromal tissue.
Longitudinal evaluation of the changein prostate size wasfound to increase
into thefiftiesand therate of change declinesin older age decades. Current
research isexamining the natural history of devel opment of prostate
symptomatol ogy.

Neuromuscular Changeswith Age: The purposeisto characterize and
explain age associated |osses of muscle strength. We seek to understand the
time course of strength loss, factorsthat contribute to the loss, and to what
degreethe exerciseresponse differs between old and young individuals.
Our research has4 main components:

1. Characterization of Longitudinal Strength Changesin the BL SA:
This consists of two parts. From 1960 to 1985, strength and power were
measured in BL SA participants using an in-house constructed equipment
that measured isometric strength and power in the upper extremities. The
purposeisto determinelong-term longitudinal changes (upto 25 years) in
strength and power, and to rel ate these changes to changesin muscle mass,
peripheral nervefunction, daily and physical activity, and aerobic fitness.
Starting in 1992, strength has been measured using a state of the art
isokinetic dynamometer (Kin-Com). Thisequipment allowsfor the
measurement of both concentric and eccentric strength at multiple velocities
in both the upper and lower extremities. The specific purposesareto
determine age-associated maximal force production of the upper and lower
body musculature during the concentric and eccentric phases of exertion, at
fast, low and zero speed, and determine the angle of greatest force;
determine rel ationshi ps between changesin strength with age and changes
inlean body mass, fat mass, bone mineral density, glucose homeostasis,
functional abilities, physical activity and nutritional state. Wearealso
interested in the contribution of muscle strength to functional performance
and the devel opment of disability, balance problems, and falls. We have
shown that the age-associated declines are explained in part by changein
muscle mass. However, other factors are also important including changes
in nervefunction and hormonal levels (e.g. testosterone). Age-asssociated
changesin strength arerelated to functional performance asdemonstrated
by an association with walking speed. However, in healthy individuals, a
strength level isreached where no association isobserved. Thislevel
impliesthe presence of excessive strength potential that actsasareservefor
walking performance. In addition, thereisacomplex relationship between
muscle strength, muscle power, muscle massand physical activity on
mortality. Wefound that muscle strength and power and how they change
over time arelong-term predictors of longevity, independent of how much
muscleis present and how active you are. We believe and are currently
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looking for evidence that age-associated changesin the central nervous
system control of movement isakey contributor to the relationships
between strength, power and longevity.

2. Comparison of Exercise Responseto Resistive Strength Trainingin
Y oung and Old Subjects. Thisproject was completed under contract with
the University of Maryland, College Park, Dr. Ben Hurley, principal
investigator. The specific purposesare: (1) Determinetherelationship
between changesin lean body mass or muscle mass and changesin glucose
regulation with age and strength training. (2) To determineif changesin
strength or muscle mass can predict changesin total or regional bone
minera density. (3) To determinewhat factors best explain strength losses
associated with aging and detraining and strength gains associated with
strength training. We have found that young and elderly women and men
respond relatively similar to resistivetraining. In all groups, strength
increased 25-35%, with evidence of muscle hypertrophy. What was most
striking was that the strength gains achieved over 9 weeks of training
persisted for at |east 6 monthswithout further training. In examining, muscle
samplesfrom these subjects, we have found that the cellular production of
myostatin, afactor that isproduced by muscle cellsasthey atrophy, is
suppressed by resistivetraining suggesting that thismay represent auseful
target for pharmacol ogical intervention.

3. Exploratory Studiesfor Alternative Approachesto Exercise: We
have been interested in finding alternative strategiesthat can be used to
maintain muscleintegrity and strength. Resistive and aerobic training can
help toimprove performanceintheelderly. However, thesearetypicaly
supervised activitiesthat require attendance at specific sitesor venues. Such
activities, whilebeneficial, arenot ideal for all individuals. Therefore,
alternative approaches are needed in order to offer an array of opportunities
for exercising. We have focused on examining subjectswith osteoarthritis of
the knee. Thisgroup of individualstend to be sedentary and do very little
physical activity. Inapilot study, we examined two approachesto
encourageincreased activity. First, we examined the use of apedometer to
act asamotivator for walking. We found improvementsin how much
walking subjects did on aroutine basis over a 12 week period. The second
approach wasthe use of ahome-based, self-administered

el ectromyostimulation of the thigh musclein order to strengthen the muscle.
The protocol used generated up to 40% of the maximal force that subjects
were ableto generatein extending their knee. Thislevel of stimulationis
well tolerated and subjects continued to use the equipment at home over the
course of the study. Over a12 week period, we found significant
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improvementsin muscle strength. At present, we are examining the use of
the pedometer in the National Guard for individualswho fail their physical
fitnesstest, and are planning further studiesto explore the use of
electromyostimulation.

4. Examination of theMotor Unit and ItsRelationship to Muscle
Strength and Exer cise Response: A clinical protocol has been developed
that exploresmotor unit function at different levels of muscle exertioninthe
quadriceps. The goal of this project isto understand the changes that occur
in motor unitswith aging, and the effects of these changes on muscle
strength and how these changes affect the exercise response. Over the past
20 yearsin vivo techniquesallow for the direct examination of the motor
unitsin humans. Most studiesthat have examined agerelated changesin
motor units have focused on old versus young rather than examining the
entire adult life span. They do not allow for an assessment of where during
the life span these changes begin, or the association between the motor units
and strength. We have devel oped aclinical protocol that allowsfor the
evaluation of motor unitsduring the generation of fixed forcelevels. We
have found a strong rel ationship between the size and firing rates of motor
unitsand force generation. Withresistivetraining, smaller unitsare ableto
generate fixed forcesin the absence of improved strength to anontraining
task. We are now examining changeswith agein the BLSA.

Age-Associated Race and Gender Differencesin the Carotid and
Intracerebral Arteries: Thisproject isstudying intracerebral blood flow
velocity and resistance, carotid blood flow velocity, and carotid wall
characteristics using doppler ultrasonographic techniquesin BLSA
participants. The goal isto determinewhether differencesin either carotid or
intracerebral parametersmay explain racial and gender differencesin stroke
and coronary heart disease, and whether changesin arterial characteristics
are associated with fitnessand frailty. We have found that intimal-media
thickness of the common carotid artery increases with age concomitant with
dilitation. Greater carotid wall thicknessisassociated with increasing risk
for the devel opment of both overt and silent coronary heart disease after
adjusting for age, and that the common carotid wall thicknessisthicker in
the presence of asymptomatic coronary disease. Carotid doppler
ultrasonography iscommonly used during eval uation of cerebrovascular
disease. Our findings suggest that examining the carotid wall thicknesscan
increasethe suspicion for coronary artery disease. Inarelated analysis, we
found that women who use estrogen replacement postmenopausally show
lessarterial stiffnessthan women who are not on replacement. Improved
arterial function may be another result of hormone replacement therapy that
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contributesto lower rates of heart disease. We have a so observed that age
changeinflow velocitiesin the carotid artery ispoorly correlated with the
flow velocitiesin themiddle cerebral arteries. We have compared different
measures of arterial stiffness across age and explored which measuresare
most related to the devel opment of coronary heart disease. Currently weare
examining theimpact of alcohol use, and serum androgen levelson arterial
stiffness.

Collaborators: JeromeFleg, M.D., Nationa Heart, Lung, and Blood
Institute, NIH; Robin Conwit, M.D., William Brown, M.D., Tufts
University; Daniel Stashuk, Ph.D., University of Waterloo, Ontario,
Canada; Benjamin Hurley, Ph.D., University of Maryland, College Park;
LauraTalbot, R.N., C.S., Ed.D., Ph.D., Uniformed Services University of
the Health Sciences; William Palosky, Ph.D., NASA; S. Mitchell Harman,
M.D., Ph.D., Kronos Research Foundation, Phoenix, Arizona.
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Research Resources Branch

Alan B. Zonderman, Ph.D., Chief

Gerontology Research Center
Room 1-D-15

Phone 410-558-8280

Fax 410-558-8236

The Resear ch Resour ces Branch (RRB) provides centralized research
resources and research support services essential to the productive conduct
of biomedical research by the Intramural Research Program. Personnel in
the Research Resources Branch represent awide variety of talents, skills,
and expertisefor supporting Intramural investigators.

The Branchisdivided into seven Sectionsthat focus on particular
specialtiesor typesof service. The Sectionsare Central Laboratory
Services, Comparative Medicine, Instrumentation, Design and Fabrication,
Library and Information Services, Network, Computing, and Telephony,
Photography and Arts, and Statistical and Experimental Design.

The Central Laboratory Servicesissubdivided into Bioinformatics,
Confocal Microscopy, Flow Cytometry, Gene Expression and Genomics,
and Mass Spectrometry.

The Comparative Medicine Section includes animal husbandry for avariety
of species, producing transgenic and knockout rodents, and the breeding,
weaning, and mating of rodents consistent with the genetic model from
which they derived.
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Research Resources Branch Staff

Central Laboratory Services Section

Vacant

BioinformaticsUnit

Ming Zhan, Ph.D.

Phone 410-558-8373

Fax 410-558-8236

E mail zhanmi @grc.nia.nih.gov

Confocal Imaging Unit
Vacant

Flow Cytometry Unit

Robert Wersto, Ph.D.

Phone 410-558-8377

Fax 410-558-8236

E mail werstor@grc.nia.nih.gov

Gene Expression and Genomics Unit
Kevin Becker, Ph.D.

Phone 410-558-8360

Fax 410-558-8236

E mail beckerk@grc.nia.nih.gov

M ass Spectrometry Unit
Satya Saxena, Ph.D.

Phone 410-558-8244

Fax 410-558-8236

E mail ssaxena@grc.nia.nih.gov

Compar ative M edicine Section

Suresh Poosala, D.V.M., Ph.D., Acting Chief
Phone 410-558-8559

Fax 410-558-8065

E mail poosalasu@grc.nia.nih.gov
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Instrumentation, Design, and Fabrication
Section

Keith Staton and Richard Zichos

Phone 410-558-8130, 410-558-8005

Fax 410-558-8236

E mail NIA-IRP-RRB-IDFS@grc.nia.nih.gov

Library and Information Services Section
Carmen D. Harris

Phone 410-558-8124

Fax 410-558-8224

E mail harrisca@grc.nia.nih.gov

Networ ks, Computing, and Telephony Section
James Engel

Phone 410-558-8000

Fax 410-558-8215

E mail engelj@grc.nia.nih.gov

Photography and Arts Section
ThomasWynn

Phone 410-558-8009

Fax 410-558-8267

E mail wynnt@grc.nia.nih.gov

Statistical and Experimental Design Section
Larry J. Brant, Ph.D.

Phone 410-558-8148

Fax 410-558-8333

E mail larryb@vax.grc.nia.nih.gov



Vacant

Chief, Central Laboratory Services Section

Gerontology Research Center

Room 1-D-15
Phone 410-558-8129
Fax 410-558-8236

The Central Laboratory Service Section (CL SS) offersinvestigators
specialized support to hel p them succeed intoday’ sfast-paced and complex
scientific environment. Established by NIA’ s Office of the Scientific
Director and the Chief of the Research Resources Branch in 2000, this
Section provides specific expertise, new technol ogies, and experienced staff
to enhancetheresearch efforts of all NIA investigators. High-throughput,
cutting-edge analysis capabilitiesthat can be found within CLSSinclude
advanced sequencing, imaging, cell sorting, genetics, genomics, and
proteomicstechnologies. The primary goal of the CLSSisto support the
research interests and ongoing projects of various L aboratorieswithin the
IRP aswell asto provide the expertise necessary to assist in the proper
performance of specialized experimentsand in the interpretation of obtained
data. In addition to their service duties, some CLSS Unit Heads also
perform hypothesis-driven, defined research projectswithin their
laboratories.

The CLSSiscurrently divided into 5 service units:

(1) TheBioinformaticsUnit (BU) offersservicesin bioinformatic
technology for both information management and the detailed analysis of
genomic, proteomic, imaging, and clinical/epidemiological data.

(2) The Confocal I maging Facility (CIF) providesinvestigatorswith state-
of-the-art 3D optical confocal microscopy facilitiesfor imaging of living and
fixed cellsand tissues and computational resourcesfor visualization and
extraction of quantitative information fromimages.

(3) The Flow Cytometry Unit (FCU) provides cell sorting and enhanced
fluoragraphic analysisin support of research at the GRC. In addition, the
Shared Servicetechnol ogist and Unit Head provide consultation to
investigatorsin design and interpretation of flow cytometry and cell sorting
studies. Varioususes of thisfacility include measurements of antigen or
ligand density, apoptosis, enzyme activity, DNA and RNA content,
membrane potential, cytokine receptors and its synthesis, phagocytosisand
viability obtained from cells, changesin cell cycle, intracellular pH,
intracellular calcium, intracel lular glutathione and oxidative burst.
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(4) The Gene Expression and Genomics Unit (GEGU) provides support
and training spanning the entire microarray process, from sample
preparation through dataanalysis. Several GRC arraysare availablefor use
within this Unit including the GRC Human 15K cDNA array and the
Laboratory of Genetics 15K cDNA murine embroyonic array. ThisUnit
also provides support in the production of custom arrays based on
investigator specificationsand provides cDNA templatesfor spotting. New
state-of -the-art instruments and software have greatly expanded available
servicesand capabilitiesof thisfacility.

(5) The Mass Spectrometry Unit (M SU) was formed in 2000 in response
to ademand for high-sensitivity amino acid sequencing of purified and
blotted proteins. The scope of this service Unit has been expanded to
include amino acid sequencing, MALDI-TOF mass spectrometry, and the
phosphopeptide mapping of proteinsfrom various cellular populations.

Research Resources Branch



L

1985 until 1989, he was Assistant Professor of Pathology, Albert Einstein College of Medicine in the Bronx
and Head of Flow Cytometry and Analytical Cytology. After a brief stay in industrial biotechnology, Dr. Wersto
joined the Pulmonary Branch, National Heart, Lung, and Blood Institute (NHLBI) and played a seminal role in
the first human gene therapy trial for cystic fibrosis. Most recently, he headed the flow cytometry laboratory in
the non-human primate gene transfer program within the Hematology Branch, NHLBI. In mid 1999, he moved
to the Flow Cytometry Unit, Research Resources Branch at the National Institute on Aging.

Keywords:

gene therapy
adenovirus

proliferation specific
antigens

bone marrow progenitors
flow cytometry

cell cycle

Recent Publications:

Yoon DS, etal. AmJ
Pathol 2002; 161(2): 391-
397.

Wersto RP, et al.
Cytometry 2001; 46(5):
296-306.

Donahue RE, et al. Mol
Ther 2001; 3(3): 359-367.

Donahue RE, et al. Blood
2000; 95(2): 445-452.

Robert P. Wersto, Ph.D., Staff Scientist/Facility Head
Flow Cytometry Unit

Gerontology Research Center
Room 3-A-08

Phone 410-558-8377

Fax 410-558-8236

E mail werstor@grc.nia.nih.gov

Biography: Dr. Robert Wersto received his Ph.D. from the Department of
Biochemistry and Biophysics, Loyola University of Chicago in 1982. Dr. Wersto did his
postdoctoral work in the Departments of Pathology and Hematology at the University
of Rochester using the first commercially available flow cytometers and sorters. From

Cell CycleProgression and Aging: The effects of aging on T-cell cycle
progression and arrest isthe subject of an on-going investigation utilizing
multiparameter flow cytometry. Age-related cell cycle properties of human
T cellsare assessed using simultaneous measurements of DNA content and
K1-67 protein expression following co-stimulation with immobilized CD3
antibody and soluble CD28. In T-cellsfrom elderly individuals, thereis
increased G, cell cyclearrest that cannot be overcome following subsequent
exposureto IL-2. Based on mitotic blocking, the delayed cell cycleentry in
T-cellsfrom older donors appearsto be independent of early activation
events.

Adenovirus-Based Gene Therapy: Based on the tropism of wild-type
adenovirus (Ad) for therespiratory epitheliaand itsability toinfect
nonreplicating cells, replication-defective Ad vectorswere thought to bethe
ideal approach by genetherapy to correct the physiological defectsinthe
airwaysof individuals having theinherited human disease cystic fibrosis
(CF). Culminating in human clinical trials, Ad vectors have becomethe
prototypefor other genetherapy protocolstargeting cancers, inherited
metabolic deficiencies, and cardiovascular disease. First-generation Ad
vectorsthat had been rendered replication defective by removal of the E1
region of the viral genome (AE1)or lacking the Ad E3 region in addition to
E1 sequences (AE1E3) induce G2 cell cycle arrest and inhibit traverse
acrossthe G1/Sboundary in primary and immortalized human bronchial
epithelial cells, independent of the cDNA contained in the expression
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cassette. Arrest isassociated with theinappropriate expression and increase
incyclin A, cyclin B1, cyclin D, and cyclin-dependent kinase p34cdc2
protein levels. In someinstances, infection with AE1 or AE1E3 Ad vectors
produces aneuploid DNA histogram patterns and induces polyploidization
resulting from successive rounds of cell division without mitosis. Cell cycle
arrest was absent in cellsinfected with a second-generation AE1 Ad vector
inwhich the entire early region E4 was del eted except for the sixth open
reading frame. Current research focuses on theindividual proteinsencoded
by the open reading framesin the E4 viral generegion and their interactions
with cellular regulators of proliferation (signal transduction, transcription
factors, oncogenes).

BoneMarrow Progenitor | dentification: Genetransfer to hematopoietic
stem cells (HSCs) has been hampered by their low frequency, thelack of
positive selection markers, and the reduced potential for self-renewal and
multi-lineage differentiation following ex vivo retroviral genetherapy. In
mammalian bone marrow stained with the dye Hoechst 33342, bivariate
flow cytometric analysis of blue and red fluorescenceidentifiesasmall cell
population, termed SP cells, that constitute primitive HSCsviaamechanism
thought to involve mdr P-glycoprotein. Using unfractionated non-human
primate and murine bone marrow, SP cell staining wasfound to be an
energy-dependent processinvolving dye efflux, consistent with the
hypothesisthat this phenomenais mediated by amember of the ATP
Binding Cassette family of transporters. However, dye efflux was
specifically inhibited by probencid or sulfinpyrazone, implicating
involvement of other multi-drug resi stance associated proteinsor membrane
trangporters. Cellshaving theidentical staining characteristicsand responses
asthose of bone marrow SP cells are present in cultures of the HL-60
promyleocytic cell line and exhibited adependenceon G, entry. SPcells
aretherefore not unique to bone marrow, but reflect multidrug resistance
protein (MRP) functional expression that ispresent in asmall fraction of
quiescent cells. Understanding the basisfor Hoechst 33342 staining and
subsequent discrimination of SP cellsfrom other blood elements provides
insightsinto thefunctional characteristicsof primitive multipotent
hematopoi etic that may be advantageousfor future primate genetransfer
protocols.

Collaborators. DonnaArmentano, Ph.D., Genzyme Corporation; Eugene
Rosenthal, Ph.D., Office of the Director, NIH; Edward Gabrielson, M.D.,
Johns Hopkins; Robert Donahue, D.V.M., National Heart, Lung, and Blood
Institute, NIH; Tony Eissa, M.D., Baylor College of Medicine.
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Kevin G. Becker, Ph.D., Staff Scientist/Facility Head
Gene Expression and Genomics Unit

Triad Technology Center

333 Cassell Drive, Room 207
Phone 410-558-8360

Fax 410-558-8236

E mail beckerk@grc.nia.nih.gov

Biography: Dr. Becker attended Emory University as an undergraduate graduating
with a BSc. in Biology. He received a Masters degree from the Johns Hopkins
University in Business. Thereafter, Dr. Becker received his Ph.D. in Molecular Biology
and Genetics from the Johns Hopkins University School of Medicine in 1989. He did
fellowships at the NIH in gene regulation and complex gene expression in the National Institute of Child
Health and Human Development, National Institute of Neurological Disorders and Stroke, and the National
Human Genome Research Institute. He began the Gene Expression and Genomics Unit at the NIA in
November of 1998.

Keywords: The Gene Expression and GenomicsUnit isinvolved in the design,

cDNA microarray assembly, application, and analysisof cONA arraysand related gene
bioinformatics expression systems. Three main areas of research include; @) applicationsin
autoimmunity gene expression; b) technology development in array based assays; and c)

gene expression

genetic association genomic bioinformatic applicationsthat integrate genetic and gene

expression studies.
Recent Publications:

Ghorbel MT, et al. J Biol Thisyear, gene expression studiesusing cDNA arrays haveincluded

Chem 2003; 278(21): Cockayne syndrome, cocaine abuse, T cell induction, schizophrenia, and
19280-19285. caloric restriction, among others.
Cho-Chung YS, et al. Nat . . ) )
Biotechnol 2003; 21(5): Effortsin technology development of cODNA arraysinclude projectsinlarge
492. scale development of high-density nylon membrane/radioactive based
Cheadle C. et al. J Mol cDNA arraysin multiple speciesincluding mouse, human, among others, as
Diagn 2003; 5(2): 73-81. well asdevelopment of analytical toolsin the analysisof gene expression
data.

Kyng KJ, et al. Oncogene
2003; 22(8): 1135-1149. . _ .
Bioinformatic devel opment and applicationsinclude the devel opment of

Cho YS, etal. Proc Natl BBID-relational database of biologica pathways (http://
égfz‘if ci%‘éé_zl%%zg’l_ bbid.grc.nia.nih.gov), the Genetic Association Database (http:/
geneticassociationdb.nih.gov) aswell asaliterature mining tool, PubMatrix

Vawter MP, etal. http://pubmatrix.grc.nia.nih.gov).
Schizophr Res 2002; ( p-ip 9 g )

58(1): 11-20. _ . A ,
Collaborators: Dr. Jim Eberwine, University of Pennsylvania;

Dr. Kathleen Barnes, JohnsHopkinsMedical I nstitutions; Dr. Ted Dawson,
JohnsHopkinsMedical Institutions; Dr. Y oon Cho-Chung, National Cancer
Institute, NIH; Dr. Mark VVawter, University of Caifornia; Dr. William
Freed, National Institute on Drug Abuse, NIH.
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Larry J. Brant, Ph.D., Staff Scientist
Chief, Statistical and Experimental Design Section

Triad Technology Center

333 Cassell Drive, Suite 4000
Phone 410-558-8148

Fax 410-558-8393

E mail larryb@vax.grc.nia.nih.gov

I'I Biography: Dr. Larry J. Brant received his B.S in Mathematics in 1968 from

Frostburg State College, Frostburg, Maryland. He received his M.A. in 1972 in
Mathematics from the Pennsylvania State University, University Park, Pennsylvania,
and his Ph.D. in Biostatistics in 1978 from The Johns Hopkins University, School of

Hygiene and Public Health, Baltimore, Maryland.

Keywords:

biometry

longitudinal studies
mathematical modeling
statistical computing
statistical consultation

Recent Publications:
Brant LJ, et al. J Roy
Statist Soc A 2003; 166:
51-62.

Morrell CH, et al. Commun
Stat 2003; 32: 437-459.

Horska A, et al. J Magn
Reson Imaging 2002; 15:
137-143.

Wu AW, et al. JAm Geriatr
Soc 2002; 50(2): 230-237.
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Resear ch I nter ests: Development of Statistical Methods (in particular,
multiple comparisons), Development of Modelsfor Biological Processes,
Longitudinal Studies, Aging, Health Screening, Epidemiology of
Circumpolar Health, and Combinatorics.

The Statistical and Experimental Design Section isresponsiblefor
providing statistical and experimental design expertise appropriateto studies
of aging and gerontology. Statistical methodology, including the use of
Bayesian, maximum likelihood, and numerical computing methods, is
applied and devel oped for longitudinal studiesand other studiesof aging. A
major emphasisison the devel opment and application of methods that
provide cogent, yet easily understood results.

Theresearch and devel opment of the Section currently focuses on several
typesof statistical models. Theseinclude 1) longitudinal multi-level models,
which use empirical Bayesian methodsto analyze the repeated
measurementsfor all individualsin the study population asafunction of the
between- and within-subject variance estimates, 2) mixture modelsfor
describing and identifying high risk or preclinical disease groups of patients
based on the distribution of changesin biological markersover time, 3)
survival analysistechniquesfor studying risk factorsin follow-up studies, 4)
multiple comparisonsfor addressing theissue of multiplicity in thetesting of
group differencesin experimental or observational designs, and 5) issues of
power, sample size, and other experimental design issues.

Recent effortsin longitudinal dataanalysisincludethe development of an
imputation method using estimatesfrom alinear mixed-effectsmodel to
correct for measurement error biasin traditional risk factor analysesin both
logistic regression and proportional hazards regression models. Also,
methodsfor the prediction or classification of preclinical disease statesare
being devel oped using longitudinal measurements of biological markersand
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multilevel models. M ethods devel oped by the Section have been appliedin
studies of prostate cancer, pulmonary function, cardiovascular science, long-
term caloricrestriction in rats, and genome-wide mapping in mice.

Collaborators. Dr. Harry A. Guess, Dr. Jay D. Pearson, Epidemiology
Department, Merck Research Laboratories; Dr. Emmanuel Lesaffre,

Dr. Geert N. Verbeke, Biostatistical Center for Clinical Trias, Catholieke
Universiteit, Belgium; Dr. AlenaHorska, Department of Radiology, Johns
Hopkins University School of Medicine; Dr. H. Ballentine Carter,

Dr. Patrick C. Walsh, Department of Urology, JohnsHopkins University
School of Medicine.
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Training Opportunitiesin the
National I nstituteon Aging
Intramural Resear ch Program

Intramural Research Training Award
Program - The Intramural Research Training
Award (IRTA) Program provides advanced
training and research experienceto physician and
Ph.D. level investigatorswho are at the beginning
stagesof their professional research careers.

Parti cipants engage in research studies under the
close guidance of asenior NIA investigator who
servesasasupervisor during the appoi ntment
period.

Postdoctoral IRTA Fellowship. Candidates must
beaU.S. citizen or permanent resident with a
doctoral degree and have5 years or less of
relevant postdoctoral research experience. Initial
IRTA commitments are madefor two yearswith
appoi ntments made in one-year incrementswhich
may be renewed.

Predoctoral IRTA Fellowship. Students must be
U.S. citizensenrolled in doctoral degree programs
inthebiomedical sciences. Awardsare granted for
1-year periods, with annual 1-year renewasupto
atotal of 3years.

Postbaccalaureate IRTA Fellowships. Provides
opportunitiesfor recent college graduatesto spend
ayear engaged in biomedical investigation.
Postbaccal aureate fellows are al so expected to
initiate the application processfor graduate or
medical school. Theduration of the programis
normally oneyear, but the fellowship can be
extended for an additional year provided the
performance of thetraineeis satisfactory and
continued support by thelaboratory isavailable.
Candidates must be U.S. citizens or permanent
residents and have graduated from an accredited
U.S. collegeor university.

How to Apply:

Please send the following itemsto the L aboratory:

1) Curriculumvitae

2) Bibliography

3) Threeletters of recommendation
4) Statement of research goals

5) Official copy of transcript
6) Summary of doctoral dissertation

National Instituteon Aging
Intramural Research Program
5600 Nathan Shock Drive
Baltimore, MD 21224-6825

Direct Questionsto:

Ms. Peggy Grothe

NIA Intramural Research Specialist
Phone 410-558-8012

Email grothep@grc.nia.nih.gov

--continued--



Training Opportunities--continued

Phar macology Resear ch Associate Program -
The Pharmacology Research Associate (PRAT)
Programisacompetitive postdoctoral fellowship
program to pursue research in one of the
laboratories of the National Institutesof Health
(NIH) or the Food and Drug Administration
(FDA). Itisintended for individual swith
backgroundsin thebasic or clinical scienceswho
wish to obtain advanced experiencein an area of
pharmacology, or for thosewho are already
pharmacol ogiststo gain experiencein new fields.

Visiting Fellowship Program - Visiting
Fellowships are awarded to foreign (non-U.S.))
scientiststo support advanced postdoctoral
research andtrainingin NIA’ sIntramural
Research Program laboratories. Visiting Fellows
must have adoctoral or equivalent degreeinthe
sciencesand fiveyearsor less of relevant
postdoctoral research experience.

How to Apply:

Please send thefollowing itemsto the L aboratory:

1) Curriculumvitae

2 Bibliography

3) Threeletters of recommendation
4) Statement of research goals

5) Official copy of transcript

6) Summary of doctoral dissertation

National Instituteon Aging
Intramural Research Program
5600 Nathan Shock Drive
Baltimore, MD 21224-6825

Direct Questionsto:

Ms. Peggy Grothe

NIA Intramural Research Specialist
Phone 410-558-8012

Email grothep@grc.nia.nih.gov

A-2

Summer Resear ch Training Program - The
program offers many excellent training
opportunitiesin both laboratory and clinical

medi cine with awealth of valuable resources. The
Intramural Research Program isactively seeking
studentsto participatein NIA’s Summer Research
Training Program. There arelimited opportunities
available so please apply early.

Summer Internship Program. The Summer
Internship Program in Biomedical Research offers
aunique opportunity for high school, collegeand
graduate studentsto devel op skillsin scientific
research. In thisprogram, studentsreceive hands-
on experience. Summer internshipsgenerally last
from eight to ten weeks, beginning in late May
and ending in mid-to-late August. Someflexibility
existsto accommodateindividual student needs.
Students must be enrolled at |east half-timeinan
accredited U.S. high school, college, or
university. In addition, candidates must be U.S.
citizensor permanent residentsand at least 16
yearsof age.

How to Apply:

Students can apply for the program electronically
at the NIH Research and Training web site http://
www.trai ning.nih.gov/student/internship/
internship.asp.

Summer Research Fellowship Program. The
Summer Research Fellowship Programisopento
studentsfrom any of the nation’ s medical and
dental schools. Thisprogramisintended to
expose studentsto research proceduresina
unique environment devoted exclusively to
biomedical research and training. With guidance
from scientistsin the Intramural Research
Program, students conduct research in selected
areasof laboratory investigation. In addition to
participating in research projects, students attend




Training Opportunities--continued

lectures and seminarsto enhancetheir education
and develop investigative skills. The program runs
for aminimum of ten weeks, usually from early
Juneto theend of August; someflexibility exists
to accommodate individual student needs.

How to Apply:

Students can apply for the program el ectronically
at the NIH Research and Training web site http://
www.training.nih.gov/student/srfp/index.asp.

Minority Accessto Research Careers(MARC).
MARC Undergraduate Student Trainingin
Academic Research (U* STAR) Awards provide
support for students who are members of minority
groupsthat are underrepresented inthe
biomedical sciencestoimprovetheir preparation
for graduate training in biomedical research.
These minority groupsinclude, but are not limited
to, African Americans, Hispanic Americans,
Native Americans (including Alaskan natives),
and natives of the U.S. Pacific Islands. The
program can al so support effortsto strengthen the
faculty, science course curricula, and biomedical
research training programsand infrastructure at
institutionswith significant enrollments of
minority students.

Awards are madeto collegesand universitiesthat
offer the baccalaureate degree. Only one grant per
eligibleinstitution will be awarded. The
institutions sel ect the traineesto be supported.
Trainees must be honors students majoring inthe
scienceswho have an expressed interestin a
biomedical research career and who intend to
pursue postgraduate education leading to the
Ph.D., M.D.-Ph.D., or other combined
professional degree-Ph.D. The period of
appointment to the MARC U*STAR Programis
2 yearsat thejunior/senior level.

How to Apply:

Students can apply for the MARC program
electronically at the NIH Research and Training
web site http://www.training.nih.gov/.

NIA Summer Research Training Program
Coordinators:

Ms. ArleneP. Jackson
NIA IRP MARC Coordinator
Phone 410-558-8121

Ms. VirginiaPadilla, Special Assistant tothe
NIA Deputy Scientific Director

Phone 410-558-8018

Email niasummer@mail.nih.gov

National Instituteon Aging
Intramural Research Program
5600 Nathan Shock Drive
Baltimore, Maryland 21224-6825



Nathan W. Shock Memorial Lecture

TheNational Instituteon Aging initiated the
Nathan W. Shock Annual Lecturein 1990 in
honor of Nathan W. Shock, former NIA Scientific
Director and NIH Scientist Emeritus, to pay
tributeto hispioneering effortsin thefield of
gerontology. Thisaward provides an opportunity
to recognize a scientist, who has made significant
contributionsto our understanding of thebasic
mechanisms of aging.

In 2003, the annual lecture was expanded to a
one-day scientific symposium featuring
presentations by innovative and distinguished
leadersin thefield of aging. The 1st Annual
Nathan W. Shock Symposium “ Advancesin
Aging Research - 2003,” was held on September
17, 2003 at the Sheppard Pratt Conference Center
in Towson, Maryland. The Nathan W. Shock

L ecture was presented by Nir Barzilai, M.D.,
Associate Professor of Medicine, Albert Einstein
Collegeof Medicine, Y eshivaUniversity, “ New
Insights on the Biology of Longevity.”

Dr. Barzilai isinternationally recognized for his
study of both endocrinology and geriatrics. His
research focuses on identifying genetic and other
factorsthat contributeto longevity.

Symposium speakers:

Carol Greider, Ph.D., Associate Professor,
Department of Molecular Biology and Genetics,
Johns Hopkins University School of

Medicine,” Telomerase and the Consequences of
Telomere Dysfunction.”

Elizabeth Barrett-Connor, M .D., Professor,
Family and Preventive M edicine, Cancer
Prevention and Control Program, University of
Cdlifornia, San Diego,” Hormone Replacement
Therapy.”
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Nathan Wetherell Shock, Ph.D. (1906-1989)

Dr. Shock was recognized as the dean of American
gerontologists, and the father of American gerontology.
He was founder of the Baltimore Longitudinal Study of
Aging started in 1958. Over his career, Dr. Shock was
directly involved in the postdoctoral training of over
200 gerontologist and geriatric researchers, many of
whom are now heading their own aging programs
across the country.

Caleb Finch, Ph.D., Professor of Biological
Sciencesand Neurology, Director, Alzheimer
Disease Research Center, University of Southern
Cdlifornia,“ The Nexus of Inflammation and
Nutritionin Aging.”

John Hardy, Ph.D., Chief, Laboratory of
Neurogenetics, National Institute of Aging,
NIH," Current Satus of the Amyloid Hypotheses
of Alzheimer’ sDisease.”

Mark A. Smith, Ph.D., Professor, Department of
Pathology, Case Western Reserve
University,“ Amyloid-S: All BARK and No Bite.”



Nathan W. Shock Memorial Lecture

Past Lecture Winners:

1990 - Philip W. Landfield, Ph.D., Department of
Physiology and Pharmacol ogy, Bowman Gray
School of Medicine, “ The Glucocorticoid
Hypothesis of Brain Aging: New Evidence on
Possible Mechanisms.”

1991 - PhyllisWise, Ph.D., Professor, Department
of Physiology, University of Maryland School of
Medicine, “ Changing Neurotransmitter Rhythms:
Insightsinto the Aging Brain.”

1992 - Richard A. Miller, M.D., Ph.D., University
of Michigan, Institute of Gerontology, “ Defectsin
Calcium Sgnalsand Protein Kinase Pathwaysin
T-LymphocytesfromOld Mice.”

1993 - Arlan Richardson, Ph.D., University of
TexasHealth Sciences Center, San Antonio,

“ Gene Expression ChangesKey to Dietary
Restrictions Benefits?”

1994 - Steven N. Austad, Ph.D., Associate
Professor of Zoology, Department of Biological
Science, University of Idaho, “ Szeand Aging:
TheBiomedical Implications.”

1995 - Thomas E. Johnson, Ph.D., Associate
Professor Psychology and Fellow of the Institute
for Behavioral Geneticsat the University of
Colorado in Boulder, “ Identification and
Function of Gerontogenesin C. elegans.”

1996 - Vincent M. Monnier, M.D., Professor of
Pathology, Institute of Pathology, Case Western
Reserve University, Cleveland, Ohio, “ From
Bjorksten to Kohn: The Collagen Theory of Aging
in Light of the Maillard Reaction.”

1997 - S. Michal Jazwinski, Ph.D., Professor,
Department of Biochemistry, Louisiana State
University Medical Center, New Orleans,
Louisiana, “ Longevity, Genes, and Aging: The
View Provided by a Genetic Model System.”

1998 - Calvin Harley, Ph.D., Geron Corporation,
Menlo Park, California, “ What Can Immortality
(of thecell) Teach You?”

1999 - OliviaM. Pereira-Smith, Ph.D.,
Huffington Center on Aging, Baylor College of
Medicine, Houston, Texas, “ Identification of a
Novel Gene Family of Transcription-like Factors:
A Rolefor Cell Aging.”

2000 - Richard Weindruch, Ph.D., Department of
Medicine, University of Wisconsin, Madison,
Wisconsin, “ Caloric Intake, Oxidative Stress, and
Aging.”

2001 - Rudolph E. Tanzi, Ph.D., Department of
Neurology (Neuroscience), Director, Genetics
and Aging Research Unit, M assachusetts General
Hospital, Harvard Medical Schoal, “ Alzheimer’s
Disease: From Genesto Drugsin the 21st
Century.”

2002 - Gordon J. Lithgow, Ph.D., Associate
Professor, The Buck Institutefor Age Research,
Novato, California, “ The New Biology of Aging -
Worms, Fliesand Age Related Disease.”
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Invited Speaker

JANUARY

Ephraim Yavin, Ph.D., Laboratory of Membrane
Biochemistry and Biophysics, National Institute
on Alcohol Abuseand Alcholism, NIH.
“Phospholipid Profile Alterations M odul ate
Oxidative Stress Induced Kinase Activation and
Apoptotic Cell Death.”

Gadi Beck, Department of Biological Chemistry,
TheWeizmann Institute of Science, Rehovot,
Israel. “Evolutionary and Functional Analyses of
an Invertebrate Trk Receptor.”

Zonglin Hu, Ph.D., University of Kansas Medical
Center. “Dynamic Oscillation of the Min Proteins
in E. Coli, How and Why?’

Pierre Alfred Henkart, Ph.D., Chief, Lymphocyte
Cytotoxicity Section, Experimental mmunology
Branch, National Cancer Institute, NIH.

“T Lymphocyte Granule Exocytosisand Suicide
Protection.”

Charlotte A. Peterson, Ph.D., Associate Professor
of Geriatrics, University of Arkansasfor Medical
Sciences, Center on Aging. “Changesin
Myogenic Progenitor Potential with Age.”

Jinzhe Mao, Department of Biology, Georgia
State University. “Molecular Mechanisms
Underlying Modulation of G-protein Coupled
Inward Rectifier K+ Channels.”

Robert Tycko, Ph.D., Laboratory of Chemical
Physics, National Institute of Diabetesand
Digestive and Kidney Diseases, NIH. “Molecular
and Supramolecular Structure of Amyloid
Fibrils”

A-12

Seminars - 2003

France Carrier, Ph.D., Assistant Professor, School
of Medicine, Biochemistry and Molecular
Biology Department, University of Maryland.
“Roles of Nucleolin and Nucleophosminin the
Genotoxic Stress-Response.”

FEBRUARY

Rodney L. Levine, Ph.D., Chief, Section of
Protein Function in Disease, National Heart,
Lung, and Blood Institute, NIH. “Regulation of
Protein Turnover by Oxidation.”

Susan S. Wallace, Ph.D., Professor and Chair,
Department of Microbiology and Molecular
Genetics, The Markey Center for Molecular
Genetics, University of Vermont, Burlington,
Vermont. “ Processing of Oxidative DNA Base
Damages.”

Leroy Worth, Jr., Ph.D., Laboratory of Genetics,
Division of Intramural Research, National
Institute of Environmental Health Sciences, NIH,
Research Triangle Park, NC. “Mechanisms of
DNA Mismatch Repair Initiation.”

Didier Brochet, Ph.D., Department of Physiology,
School of Medical Sciences, University of Bristol,
United Kingdom. “The Role of the Na, K ATPase
in Regulating Excitability of Mammalian Arterial
Smooth Muscle: Mechanism of Relaxation to
Altered Potassium Concentrations.”

JoshuaM. Hare, M.D., Associate Professor of
Medicine, Johns Hopkins University School of
Medicine. “Nitric Oxide and Hypertrophic
Cardiomyopathy of the Elderly.”



Seminar Speakers--continued

DaaneKitzman, M.D., Associate Professor,
Internal Medicine-Cardiology, Wake-Forest
University, Winston-Salem, NC. “Diastolic Heart
FailureintheElderly.”

Marc M. Greenberg, Ph.D., Department of
Chemistry, JohnsHopkinsUniversity. “Using
Organic Chemistry to Study DNA Damage and
Repair.”

MARCH

Geradine Seydoux, Ph.D., Associate Professor,
Department of Molecular Biology and Genetics,
Johns Hopkins University School of Medicine.
“Control of Embryonic Polarity and Germ Cell
Fatein C. elegans.”

Rodney L. Levine, Ph.D., Chief, Section of
Protein Function in Disease, National Heart,
Lung, and Blood Institute, NIH. “Regul ation of
Protein Turnover by Oxidation.”

Professor Stefan Herzig, M.D., Department of
Pharmacology, University of Cologne, Germany.
“Altered L-type Calcium Channel Gatingin
Human Heart Failure - Molecular Mechanisms.”

NikitaOrlov, Ph.D., Consultant to ADE
Corporation, Westwood, MA. “ Algorithmsand
Modelsfor Wefer Defect Analysis.”

Ormond A. MacDougald, Ph.D., Associate
Professor, University of Michigan Medical
School. “Role of Wnt Signaling in Adipose
Tissue Development.”

Shih-Jen Hwang, Ph.D., University of Texas,
M.D. Anderson Cancer Center. “ Germline p53
Mutation in a Sarcoma Cohort Sex Difference
and Smoking Exposurein Cancer Risk.”

Sankar Mitra, Ph.D., Department of Human
Biological Chemistry and Genetics, Sealy Center
for Molecular Science, University of Texas
Medical Branch. “ Covalent Modification of Early
Proteinsin DNA Base Excision Repair.”

William S. Agnew, Ph.D., Professor and Director,
Department of Physiology, Johns Hopkins
University School of Medicine. “Regulated
Recombination of Molecular Domainsin the
Single Gene Transcriptome of aVoltage-Sensitive
Calcium Channel.”

APRIL

JoannaKlapacz, Department of Chemistry,
Wayne State University. “ Study of Transcription-
Dependent Increasesin Base Substitution
Mutationsin E. Coli.”

UlusAtasoy, M.D., Duke University Medical
Center, Department of Molecular Genetics,
Durham, NC. “HuR, RNAI and Ribonomics:
Towards aBetter Understanding of Post-
transcriptional Gene Regulation.”

Gokhan Hotamidligil, M.D., Ph.D., Associate
Professor of Nutrition, Harvard School of Public
Health. “ Stress, Inflammation, and M etabolic
Disease.”

Zheng Li, Department of Neurobiology and
Anatomy, West VirginiaUniversity. “Mechanisms
of Ethanol-Induced Damage to the Developing
Cerebellum: Effectson the Cerebellar Granule
Cdls”

A-13



Seminar Speakers--continued

MAY

Philipp E. Scherer, Ph.D., Associate Professor,
Department of Cell Biology, Albert Einstein
College of Medicine, Bronx, NY. “The Role of
Adipocyte-derived Factors on Carbohydrate and
Lipid Metabolism.”

Rajendra Prasad, Ph.D., Research Associate,
Laboratory of Structural Biology, National
Institute of Enviromental Health Sciences, NIH,
Research Triangle Plaza, North Carolina.
“Human DNA Polymerase B-dependant Short
and Long Base Excision Repair in Mammalian
Cels”

Leon H.F. Mullenders, Ph.D., Department of
Toxicogenetics, Leiden University Medical
Center, The Netherlands. “ Transcription
Inhibition and Transcription Coupled Repair: Key
Playersin Different Mechanisms. Which arethe
M echanisms, Which arethe Players?’

Poloko Leotlela, Ph.D., Molecular Endocrinology
Group, University of Oxford, Botnar Research
Centre. “Molecular Geneticsof Multiple
EndocrineNeoplasiaType 1.”

Julie A. Johnson, PharmD., Professor of
Pharmacy Practice, Pharmaceutics, and Medicine,
University of Florida. “ B-blocker
Pharmacogenetics.”

Yingpei Zhang, Ph.D., Assistant Professor-
Research, Department of Cellular and Structural
Biology, The University of TexasHeath Science
at San Antonio. “ Apoptosisand Aging.”
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Andreas Sarris, M.D., Ph.D., Hematol ogy and
Oncology, HygelaHospital, Athens, Greece.
“Biologic Featuresof Hodgkin'sDisease: A
Window into Prognosis and a Guide for Rational
Experimental Therapy. Resultsfromthe
International Hodgkin Study Group.”

JUNE

Majed N. Al-Jamali, Oklahoma State University,
Stillwater, Oklahoma. “ Utilizing Genomic Tools
to Understand the Tick Host I nteractome.”

Dr. Jianyuan Luo, Institute for Cancer Genetics,
ColumbiaUniversity. “Negative Control of
Tumor Suppressor p53 by Mammalian Sir2.”

Dr. Sige Zou, Howard Hughes Medical Institute,
University of California, San Francisco.
“Genomic and Genetic Approaches Toward
Understanding Aging in Drosophila
Melanogaster.”

Bronwen Martin, MRC Human Reproduction
Sciences Unit, University of Edinburgh
Chancellor’ sBuilding. “Endocrine Disruption and
Pituitary Re-programming.”

Mark Cannell, Ph.D., Professor and Chair,
Department of Physiology, University of
Auckland, New Zealand. “Making Light Work in
the Lensand Cardiac Muscle - From Molecular
Biology to Function and Back.”

JULY

Leway Chen, M.D., Director, Cardiac
Transplantation, Department of Medicine, Strong
Memorial Hospital, Rochester, NY. “Diastolic
Dysfunction.”



Seminar Speakers--continued

Adam Antebi, Ph.D., Max-Planck-Institute for
Molecular Genetics. “ Endocrine Regulation of C.
elegans Development and Aging.”

Benjamin Sredni, Ph.D., Chief Scientist, Bar Ilan
University, Isragl. “Arresting I L-10 -Induced
Associate Pathology by AS101: Role of P21waf
Upregulation.”

David Borchelt, Ph.D., Department of
Neuroscience, The Johns Hopkins School of
Medicine. “Protein Aggregationin
Neurodegenerative Diseases.”

HansR. Scholer, Ph.D., Professor of
Reproductive Medicine, School of Veterinary
Medicine, University of Pennsylvania. “From
Embryonic Stem Cellsto Oocytes: A Stepwise
Approach to Nuclear Transfer Therapy.”

Lynn HeltemesHarris, Ph.D., Columbia,
Maryland. “BCR Surface Expression Level:
Influence on Devel opment and Tolerance.”

Frank Rothman, Ph.D., Brown University.
“Microarray Studiesof Hutchinson-Progeria
Fibroblasts.”

AUGUST

Kevin Doherty, Ph.D., Department of
Biochemistry, City University of New Y ork.
“Cloning and Characterization of theBLM3
Gene of Saccharomyces Cerevisiae.”

Yiting Liu, Department of Biochemistry,
Dartmouth Medical Schooal. “Redundancy and
Trafficking of SNARE Proteinsin ER to Golgi
Transport in Saccharomyces Cerevisiae.”

Alan Daugherty, Ph.D., Gill Heart Institute,
University of Kentucky. “ Angiotensin |1 Induced
Vascular Pathologies- Common or Divergent
Mechanisms.”

CarloVentura, M.D., Ph.D., University of

Sassari, Italy. “ Autocrineand Intracrine Signaling
for an Endorphinergic System in Embryonic Stem
Cedll Cardiogenesis.”

SEPTEMBER

Robert J. Mark, Ph.D., Wyeth Research,
Neuroscience Discovery Research. “WAVE-
Pancortin Interaction: A Novel Proapoptotic
Pathway in Neurons.”

Richard N. Jones, Sc.D., Senior Research
Associate, Research and Training Institute,
Hebrew Rehabilitation Center for Aged, Boston,
Massachusetts. “Modern M easurement and the
Assessment of Adult Cognitive Function.”

Jay M. Edelberg, M.D., Ph.D., Assistant
Professor, Weill Medical College of Cornell
University, New Y ork City. “Y oung Stem Cells
for the Aging Heart.”

Husseini K. Manji, M.D., Chief, Laboratory of
Molecular Pathophysiology, National Institute of
Mental Health, NIH. “Neuroplasticity and
Cédlular Resiliencein Mood Disorders.”

OCTOBER
Scott M. Thompson, Ph.D., Department of
Physiology, University of Maryland. “ Changing

Y our Mind: Pre- and Postsynaptic Plasticity inthe
Injured Hippocampus.”
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Jane Freedman, M.D., Associate Professor of
M edicine and Pharmacol ogy and Experimental
Therapeutics, Boston University School of
Medicine. “Bridging Thrombosisand
Inflammation.”

Dr. Martin Schroder, Senior Research Associate,
Department of Biological Chemistry, University
of Michigan Medical Center. “Regulation of
Starvation and Differentiation Responses by the
Unfolded Protein Response.”

Bai Lu, Ph.D., Laboratory of Cellular and
Synaptic Neurophysiology, National Institute of
Child Health and Human Development, NIH.
“BDNF and Activity-dependent Synaptic
Pladticity.”

Dr. Istvan Merchenthaler, Research Scientist,
Wyeth Research. “ Neuroprotection by Estrogen
in Animal Modelsof Focal and Global Ischemia.”

Dr. Sebastian Fugman, Section of
Immunobiology, Y ale School of Medicine.
“Molecular Mechanisms of DNA Rearrangements
During Lymphocyte Devel opment.”

David Ginty, Ph.D., Department of Neuroscience,
Johns Hopkins University School of Medicine.
“Growth Factor Signaling and the Control of
PNS Devel opment.”

Dr. Michael Pazin, Department of Pathol ogy,
Harvard Medical School. “Chromatin
Remodeling Regulates Gene ExpressioninaT
Cdl Line”

Professor DennisWray, School of Biomedical
Sciences, University of Leeds, Leeds, UK. “The
Roleof Intracellular Regionsin the Activation of
Potassium Channels.”
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NOVEMBER

Dr. Gap Lee, YaeUniversity, New Haven, CT.
“Regulation of Th2 Cytokine Locus During Th2
Cell Differentiation.”

DoloresCiufo, Technology Specialist, Invitrogen
Corporation. “Toolsfor RNAiI Analysis: New
Toolsfor Blocking the Expression of a Specific
Gene.”

Dr. Richard Baird, Central Institutefor the Dedf,
St. Louis, MO. “Hair Cell Repair and
Regenerationinthelnner Ear.”

Athanase Benetos, M.D., Ph.D., Professor of
Internal Medicineand Geriatrics, University of
Nancy, France. “Telomere Length - A Marker of
Arterial Aging.”

Chistiane Richter Landsberg, Ph.D., Center for
Neurodegenerative Disease Research, University
of Pennsylvania School of Medicine. “ Stress
Responsesin Oligodendrocytes: Implicationsfor
Neurodegenerative Diseases.”

Mark Haigney, M.D., Associate Professor of
Medicine, Uniformed Services University of
Health Sciences, Bethesda, MD. “ Autonomic
Modul ation of the Cardiac Na-CaExchanger:
What I’ ve Learned from Failure.”



Seminar Speakers--continued

DECEMBER

William J. Juskso, Ph.D., Professor of
Pharmaceutical Sciences, School of Pharmacy
and Pharmaceutical Sciences, State University of
New Y ork at Buffalo. “ Pharmacodynamicsand
Pharmacogenomicsof Corticosteroids.”

LenoreLauner, Ph.D., Investigator, and Tamara
Harris, M.D., Senior Investigator, Laboratory of
Epidemiology, Demography, and Biometry,
National Institute on Aging, NIH. “ The Age/Gene
Environment Susceptibility Study- Progressand
Opportunitiesfor Collaboration.”

Edward J. Calabrese, Ph.D., Environmental
Health Sciences, University of Massachusetts.
“Re-examining the Nature of the Dose Response
inthe Low Dose Zone: The Case for Hormesis.”
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Research In Progress Seminars - 2003

Tobi Limke, Ph.D., PRAT Fellow, Laboratory of
Neurosciences. “ Regulation of Neural Stem Cell
Proliferation and Differentiation.”

Wenzhen Duan, Ph.D., IRTA Fellow, Laboratory
of Neurosciences. “Insulin and BDNF Signaling
Pathway: Involvement in Neuronal Survival and
Energy Metabolism Regulation.”

Dzung Nguyen, Ph.D., IRTA Fellow, Laboratory
of Immunology. “ Cholesterol and Chemokine
Receptor Function.”

Carl Sasaki, Ph.D., Research Fellow, Laboratory
of Immunology. “ Two-Dimensional Gel
Electrophoresis Analysison NF-Kappa B
Signding.”

Kirill Tarasov, M.D., Ph.D., Visiting Fellow,
Laboratory of Cardiovascular Science. “ Post-
SAGE Anaysisof Differentiation- Responsive
Genesin Embryonic Stem Cells.”

Heping Cheng, Ph.D., Investigator, L aboratory of
Cardiovascular Science. “Mitochondrial
Ryanodine Receptor: A Transducer for
Excitation-Metabolism.”

Wenzhen Duan, Ph.D., IRTA Fellow, Laboratory
of Neurosciences. “ Regulation of Energy
Metabolism by Brain Neurotrophin Signaling:
Rolesin Calorie Restriction and Aging.”

Min Zhu, Ph.D., IRTA Fellow, Laboratory of
Experimental Gerontology. “ Caloric Restriction
and It sInsulin Sensitizing Signaling: New
Insightswith Remaining Questions.”
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TracyAnn Perry, Ph.D., Visiting Fellow,

L aboratory of Neurosciences. “ Neuroendocrine
Targets: The“Magic Bullet” for Typell Diabetes,
Obesity, and Diseasesof Aging.”

RafadeCabo, Ph.D., IRTA Fellow, Laboratory of
Experimental Gerontology. “New Insightson
Mechanismsof Calorie Restriction: AnInVitro
Model and the Plasma M embrane Redox
System.”

Myriam Gorospe, Ph.D., Senior Investigator,
Laboratory of Cellular and Molecular Biology.
“Post-transcriptional Regulation of Gene
Expression During Cellular Proliferation, Stress,
and Senescence.”

Ti Lin, Ph.D., Biologist, Laboratory of Genetics.
“Tissue-Specific Mouse Modelsfor
Thanatophoric DysplasiaTypell.”

Satya Saxena, Ph.D., Staff Scientist, Facility
Head, Mass Spectometry Unit, Research
Resources Branch. “Novel Proteomics
Approachesto Study Drug Resistance in Cancer
Cdls”

Xiangru Xu, Ph.D., Visiting Fellow, Laboratory
of Neurosciences. “ The Expression, Regulation,
and Functional Assignment of CAPRI, Ca2+ -
promoted Ras I nactivator, in Central Nervous
System.”
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