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Institutes of Health (NIH) at the U.S. Department of Health and Human Services, has

primary responsibility for basic, clinical, behavioral, and social research in Alzheimer’s
disease (AD), aimed at finding ways to treat and, ultimately, prevent this disease. The Institute’s
AD research program is integral to its mission, which is to enhance the health and well-being of
older people. Thi8009 Progress Report on Alzheimers Disease Summarizes recent AD research
conducted or supported by NIA and other components of NIH, including:

T he National Institute on Aging (NIA), part of the Federal Government’s National

Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD)18(zang?
National Center for Complementary and Alternative Medicine (NCCAM)—3dagés39, and56

National Center for Research Resources (NCRR)-1f®e$4, 39, 47, and51

National Eye Institute (NEI)—pad8

NationalHeart, Lung, and Blood Institute (NHLBI)—pag8s37, 39, and41

National Human Genome Research Institute (NHGRI)—R3gewi24

National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS2#padés

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK22pagéd

National Institute of Environmental Health Sciences (NIEHS)—32ad8s26, and38

National Institute of General Medical Sciences (NIGMS)—tbaed26

National Institute of Mental Health (NIMH)—pades 18, 19, 23, 27, and51

National Institute of Neurological Disorders and Stroke (NINDS)—iad@s18, 22, 23, 25, 26, 34, 36, 37, 41, and47
National Institute of Nursing Research (NINR)—patesd56

National Institute on Alcohol Abuse and Alcoholism (NIAAA)—2@age

Nationallnstitute on Deafness and Other Communication Disorders (NIDCD)-3page

AD research efforts also are supported by the John E. Fogarty International Center, National Cancer
Institute, Nationalnstitute of Allergy and Infectious Diseases, National Institute of Biomedical
Imaging and Bioengineering, National Institute on Drug Abuse, and NIH Common Fund.

Throughout this report, studies with no funding attribution were funded by NIA. Funding by other
Institutes and Centers is noted.
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|ntroduction

leheimer’s disease (AD) is an age-related brain An Urgent National Health Priority

disorder that develops over many years. lts The search for more effective ways to treat or prevent

symptoms typl_cally first appear after age 60. AD is increasingly urgent. Today, it is estimated that 2.4
The course of AD varies from person to person, but in- . - : .
million to 5.1 million people in the United States have

mos_t people, the first symptom IS memory loss. Mem . While estimates vary, depending on how AD is
decline becomes more serious as the disease progressés

. : : m r ientist ree that without scientific break-
and people often begin having problems with other c easured, scientists agree tha out scientific brea

" . 5 : . ) hs in prevention or early treatment of the di
nitive functions, such as decision making (including oughs in prevention or early treatment of the disease,

financial) and language skills. People with AIzheimerIshe number of people with AD will increase significantly
as society ages.

may also experience behavior and personality ChangeS'Studies suggest that the number of people with the

Eventually, the loss of mental function becomes so . .
disease doubles for every 5-year age interval beyond age

severe that it impairs daily living and the ability to G The U.S. Census Bureau estimates that the 65-and-

ognize family and fnends._These losses are related t%%]eer population will double to about 72 million during
breakdown of the connections between different classes

. : . nex20 years, starting with the oldest “baby boom-
of neurons (nerve cells) in the brain and the associated,, )
ers” who turr65in 2011. The ranks of the very elderly,
death of many of these cells.

Although AD was first described by Dr. Alois those 85 years old and older and at the highest risk of

Alzheimer more than 100 years ago, scientific study /é\*e)rs\l\tl)gl/l |2noc5r8ase as well, potentially tripling their num-

the disease began in earnest only in the early 1970s. .
. : . y The costs of AD are at the same time deeply personal
Since then, a broad and increasingly productive researc . o . .
and boadly societal. Families, friends, and caregivers

program led by the National Institute on Aging (NIA) xperience emotional, physical, and financial stress as

at the National Institutes of Health (NIH) has revealeﬁ,|
ey watch a loved one become more and more forgetful,

much about the basic biology of the disease and the : .
. , . frustrated, confused, and lost. As the disease runs its
factors that influence its development and progression

; : . . . course and the person with AD loses the ability to live or
This program applies the expertise of many scientifi

L ) . Cfu_nction independently, family members and other care-
disciplines in an attempt to answer complex questions

) . \ f ifficul ision long-term care.
What causes AD? How can it be diagnosed early analverS ace difficult decisions about long-term care

accurately? How can it be treated? How might it ulti- requently, they turn to assisted living facilities, then

nursing homes, for care and support. The number of
mately be prevented? A current focus of research seBkS 10 ’ PP

. regivers—and their n for practical an hological
accelerate the pace of “translational research”—the caregivers—and their need for practical and psychologica

transfer of knowledge gained in the laboratory to thesupport—ls expected to escalate a pidly as the population
clinical arena ages and the number of people with AD grows.
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research through the National Institutes of  Researchers from the Alzheimer’s Disease Neuroimaging
Health (NIH) has resulted in accelerating prognitiative (ADNI) showed that changes in the levels of
ress on several research fronts and has laid the grousitainproteinsn cerebrospindluid (CSF)maycorrelate
work for future discovery. This report highlights key Agth theriskandprogressionf AD. Thesebiomarkers
research findings and activities in 2009, conducted omay be used in the future to identify individuals at risk of
supported by public funding for the National Institute developing AD. In addition, measuring amyloid in the
on Aging (NIA) at NIH and other NIH Institutes and prain may prove promising as a diagnostic tool. A-prelim
Centers. NIA leads the Federal Government's researftary study showed that the presence of high levels of
effort to understand and combat this devastating disgagf amyloid in cognitively normal people is linked with
and is mandated by Congress to prepare this report.greaterisk of latercognitivedecline (For detailsseehe
sectionBiomarkers and ADNI, page 33andBrain
Amyloid an Early Warning Sign of Possible Cognitive
Decline in Normal Individuals, page 19

T he U.S. investment in Alzheimer's disease (ABarlier AD Diagnosis

2009 Highlights

New AD Genes

International teams studying AD genetics have identiVascular Disease Linked to AD

fied three new genes that are associated with increagddlis typically a disease of old age, which means that

risk of late-onset AD. Two of these genes contain  many people with AD also suffer from other age-related
instructions for the synthesis of proteins that may bediseases and conditions, such as high blood pressure, cere:
involved in clearing beta-amyloid from the brain and brovascular disease, or diabetes. Researchers are learning
preventing its interference with communication amonidpat these “co-morbid” conditions may increase the risk of
brain cells, which is thought to be a major factor in th&D and speed its clinical progression. For example, there
development of AD. These genetic discoveries comeianow a growing body of evidence that the cellular

a time when researchers are increasingly interested abnormalities associated with vascular disease feed into
harnessing the brain's own beta-amyloid clearance nathexacerbate those associated with AD. Researchers are
anisms as a therapeutic strategy. (See the géations exploring in clinical trials whether the therapeutic inter-
human AD genes identified, page 23, an@learing out ventions known to reduce risk of heart disease and diabe-
beta-amyloid, page 37.) tes may also reduce risk of AD. Reports published in
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Executive Summary

2009 suggest that the Mediterranean diet, exercise, apdogression. For example, treatment with the drug
controlling high blood pressure may be associated withonepezil reducebe risk of progression to AD

reduced risk of AD. (See the secti@gns with Other among MCI patients with depressive symptoms.
Diseases, page lAlnteractions Between AD and Vascular (See the sectio8her Early Signs and Symproms, page
Disease, page 28andAD Clinical Trials, page 3§ 32, andSlowing progression to AD in people with MCI

and depression, page 39.)
Cognitive Exercise and
Successful Cognitive Aging Sleep and AD
The popularly held belief that brain exercise can AD may also be linked to sleep problems. Many people
improve cognitive function in older people is now beiggth AD suffer from sleep disturbances, which can con-
tested. In two different clinical trials, significant cognitribute to cognitive impairment through a variety of
tive performance gains were seen in people over 65 i{Behanisms. Researchers are starting to study the possi-
received training interventions aimed at improving  pijlity that therapeutic interventions to improve sleep
either attention or speed and accuracy of verbal infogoatity may help alleviate some symptoms of AD. (See
tion processing. (S€&nical Trials to Maintain or the sectiondmyloid and Sleep, page 17, an@reatment

]mprva COgnitiUf Funftian wzth Age, page 46) HOWGVGI’, of_g[eep dpneﬂ mﬂy 5[01/{/ Cognl.tl.ye dec[l'ne’ page 39)
as in previous trials, there was no evidence that training

in one dimension impved function in another, so AD Caregiving
questions remain about the overall usefulness of thistyg clinical trials, REACH | and REACH I, were pre-

type of training in real-world settings. viously funded to develop and test strategies for helping
. caregivers manage the stress and emotional burden of
AD Is Not Just a Memory Disorder caring for people with dementia. The REACH OUT

Our view of AD is undergoing a transformation. In th@rogram is beginning to implement these strategies

past, AD was seen primarily as a memory disorder, @Agbugh local social service agencies. The first such study
intervention focused on memory symptoms. Howeveshowed a significant improvement in caregivers’ sense of
mood and behavioral problems, such as depression,rgen, social support, depression, and health, as well as
iety, and displays of socially inappropriate behavior, @fecare recipients’ behavior problems and mood. (See
increasingly recognized as co-occurring conditions Wiy porring AD Caregivers, page 51.)

AD. Mood and behavioral disturbances also appear to

be associated with more rapid progression from mild

cognitive impairment (MCI) to dementia, and early

treatment of these symptoms may help slow that
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Executive Summary

Recovery Act Funds Advance volume metabolic measures, and dementia status in
Research on AD and Age-Related aging and ipeoplewith AD.
Cognitive Decline

In 2009, the American Recovery and

Genetic and Other Risk Factors

) _ The ability to identify people at risk for AD is increas-

Reinvestment A_Ct (ARRA) prov!c_zled a ingly important as preventive measures are developed
novel ppp(?rtunlty to spark additional 54’55 \we learn more about how those at risk may
AIzhelmers‘d}sease research. NIA ,tarr'educe their odds of developing the disease. ARRA-
geted promising areas of research in

_ : supported investigators are:
awarding more than 100 Alzheimer’s or

Alzheimer's-related ARRA research graMsUsing genome-wide association studies to compare
totaling $77 million. Projects conducted  the entire genomes of individuals with and without the
within a short timeframe (2009-2010) included both newlisease to identify potential genetic risk factors for cog-
and ongoing studies to understand the biological mechaitive decline and AD.

nisms of the disease, identify additional risk-factor gengg Investigating whether changes to the brain “histone

associated with Alzheimer’s, improve diagnostic tools, ﬁ@gde " whicthelps determine the activity of specific
biomarkers, develop therapies, conduct clinical trials, a ne’s can mediate the effect of life experiences on the

explore preventive measures. ARRA funding also provi Sgelopment of age-related cognitive decline and AD.
an opportunity to support research on age-related cognitive

decline, a condition even more prevalent than AD in thd Exploring the association of AD with vascular risk

older population. factorge.g.,high blood pressure), markers of inflamma-
tion, and pathology pathways in diverse populations.

Basic Research

Basic research to better understand the developmenBi@markers for Detection and Diagnosis

progression of AD will lay the foundation for new preResearch suggests that the earliest AD damage begins to

vention and treatment interventions. ARRA-supportedevelop in the brain long before clinical symptoms

researchers are: appear. Finding ways to diagnose AD as early as possible

is critical so that researchers can test interventions and,

W Investigating how AD and vascula_r dl_sease may 'QIHFnater, treat the disease as early as possible. ARRA-
ence and exacerbate one another. Findings may Sug&?ﬁﬁorted investigators are:

strategies for preventing dementia.
- iating h loid in imoll di B Building on the highly successful ADNI to determine
Investigating how amyloid, a protein implicated in clinical, cognitive, imaging, genetic, and biochemical

AD bralnc_hanges, contributes to the formation of CIC’ﬁomarker characteristics of MCI, often a precursor to AD.
in the brain and blood vessels.

- - o B |dentifying best practices for collecting samples of CSF
_Examlnmg how energy metabohsm influences braﬁhdits analysis for proteins that may be associated with
agingby looking for correlations among the loss of br%B onset and progression, with the goal of identifying

biomarkers that appear before cognitive symptoms do.
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Executive Summary

B Comparing the effectiveness of brain imaging andTrial (ADAPT) to assess the long-term effects of

blood biomarkers to diagnose AD. naproxerandcelecoxib on cognitive health.
Possible Prevention and Understanding Normal Aging and
Treatment Strategies Preventing Loss of Cognitive Function

ARRA-supported investigators are studying a range &f growing body of evidence suggests that various inter-
potential strategies to prevent MCI or AD. This reseaveimtions may exert a protective effect on the brain in
includes: older age, but little is known about the underlying
mechanisms and more intervention testing is needed.

Evaluating the drug levetiracetam in a clinical trial RA-supported researchers are working to:

a treatment for MCI, potentially preventing progression
to AD by reducing the hyperactivity of neurons in the® Understand the role that neurotrophic factors (pro-
hippocampus, a part of the brain important to learninggins that promote the development of new neurons and
and memory. the repair of damaged ones) play in healthy and

. o ... abnormal brain aging. Animal and human studies have
B Evaluating the effects of exercise in combination wi . . )
own that circulating levels of neurotrophic factors

two dietay supplements—the omega-3 fatty acid DHA . . . : :
) . .. . _Increase with exercise and also with a calorie-restricted
and curcumin—on AD biomarkers and cognition in a

. diet or one rich in fruits and vegetables.
animal model.

B Elucidate the neural mechanisms that contribute to

B Testing whether blocking a key inflammation L .
) . obust ageetated decline in prospective memory—the
pathway alleviatése consequences of high cholestero : : :
aFt of remembering to carry out an intention such as

on the brain in mouse models of AD. High cholesteral’ . : . . .
. ) : : . U sending a grandchild a birthday card, paying bills on
is believed to increase AD risk by triggering inflamma- . N
) ) ) ime, or taking needed medication.

tion pathways that ultimately damage brain cells.

B Develop automated technologies to map functional

. Study!ng how the outer shell, or c_apS|d, of Certam.actlwty ofbrainnetworks, which will help expand our
virusesnightbe used to carry protective or therapeutic

molecules into the brains of AD patients. This early Understanding of the neural basis of episodic and

work is being carried out in a mouse model of AD an%emantlc memory and how this function changes with

if successful, might be used in other neurodeg_:jeneratpvcc)armal aging.

diseases as well. B Test a home-technology based cognitive health

B Studying the drug methylphenidate as a treatmentl(?grmhmg appachto improve function and quality of
. ife for older adults.

apathyoneof the most common behavioral symptoms

of AD and one for which there is currently no effective

treatment.

B Closely following participants who were enrolled in
the Alzheimes’Disease Anti-inflammatory Prevention
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View a short video
showing the progression

of Alzheimer s disease
in the brain.
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A Brief Primer on Alzheimer s Disease and the Brain

cause of the damage to neurons seen in
AD. Now, however, many think that more
soluble forms of beta-amyloid, seen ear
lier in the plaque formation process, may
be the major culprits.

B Neurofibrillary tangles. Found
inside neurons, neurofibrillary tangles
are abnormal aggregates of a protein
called tau. Healthy neurons are internally
supported in part by structures called
microtubules, which help guide nutrients
and molecules from the cell body to the
end of the axon. Normally, tau binds to
microtubules and helps stabilize them. In
AD, tau undergoes abnormal chemical
changes that cause it to disengage from
microtubules and come together with
other threads of tau, eventually forming
neurofibrillary tangles. The microtubules
disintegrate, and the neuron s transport
system collapses. As with beta-amyloid,
some scientists think that early soluble
forms of abnormal tau may cause the
most damage to neurons.

M Loss of neuronal connections and
cell death. In AD, the synaptic connec
tions between certain groups of neurons
stop functioning and begin to degenerate.
This feature of AD likely results from the
accumulation of beta-amyloid and
abnormal tau. When neurons lose their
connections, they cannot function properly
and eventually die. As neuronal injury and
death spreads through the brain, connec
tions between neurons break down, and
affected regions begin to shrink in a pro
cess called brain atrophy. By the final
stage of AD, damage is widespread, and
brain tissue has shrunk significantly.

Healthy neuron

In some rare cases, people develop AD in
their 40s or 50s. This form of the disease,
called early-onset AD, often runs in fam
ilies and is caused by a mutation in one of
three genes that a person has inherited
from a parent. The causes of other early-
onset cases are not yet understood.

More than 90 percent of AD cases
occur in people older than 60. The devel
opment and pathology of this late-onset
form of the disease are very similar to
those of early-onset AD. The causes of
late-onset AD are not yet completely
understood, but they probably include a
combination of genetic, environmental,
and lifestyle factors. The importance of
any one of these factors in increasing or
decreasing the risk of developing AD may
differ from person to person.

Much basic research in AD has
focused on the genes that cause early-
onset AD, and how mutations in these
genes disrupt cellular function and lead to
disease. Scientists hope that what they
learn about early-onset AD can be applied
to the late-onset form of the disease.

Perhaps the greatest mystery is why
AD largely strikes people of advanced
age. Why does it take 60 to 80 years or
more for people to develop signs of the
disease? Research on how the brain
changes normally as people age will
answer this important question, as will
studying the disease itself.

PROGRESS RERPABRAHEIMER S DI

Dying neuron

Clinicians use a range of tools to diag
nose possible AD (dementia that could
be due to another condition) or probable
AD (no other cause of dementia can be
found). Some people with memory prob
lems have a condition called amnestic
mild cognitive impairment (MCI) that often
precedes AD. People with MCI have more
memory problems than normal for people
their age, but their symptoms are not as
severe as those seen in AD. Importantly,
not all people with MCI develop AD.

Tools for diagnosing AD include a med
ical history, a physical exam and tests
preferably over time that measure
memory, language skills, and other abilities
related to brain functioning. The physician
may also perform a brain scan. Information
provided by family members or other care
givers about changes in a person s day-to
day function and behavior also help in
diagnosis. At this time, AD can be diag
nosed conclusively only by an autopsy of
the brain after death. However, in special
ized research facilities such as the NIA-
funded Alzheimer s Disease Centers,
clinicians can diagnose AD in a living
person with up to 90 percent accuracy.

Early, accurate diagnosis is crucial
because it tells people whether they have
Alzheimer s or whether their symptoms are

EASE



NIAs ADEAR Center Offers Free AD Information and Resources



www.nia.nih.gov/Alzheimers
http://www.nia.nih.gov/Alzheimers/Publications/Unraveling
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www.nia.nih.gov/Alzheimers/Publications/CaringAD/
www.nia.nih.gov/Alzheimers/Publications/CaringAD/
www.nia.nih.gov/Alzheimers/ResearchInformation/Newsletter
http://adlib.alzheimers.org/adear/alzdb
www.nia.nih.gov/Alzheimers

range of disciplines and research programs. Iror “oldest old,” living imural communities. Compared
2009, NIH-supported researchers forged new with those living in and near cities, people living in rural
understanding of the disease that could lead to futurecommunities are relatively isolated and may have differ-
breakthroughs in how to prevent, treat, and cope witheitd lifestyles, decreased access to some resources, and
impact. The following pages highlight important findingstentially different rates of dementia. Researchers at
and explore their potential relevance to the field. Oregon Health & Science University in Portland assessed
dementia prevalence in a sample of people aged 97 or
Recognizing the older living in the Klamath Basin, a large rural region in
Scope of AD squthern O_regon (Kay_e gt al., 30Q9e study showed
this population to be within the typical range for people
A first step toward curing or preventing a disease is t6f advanced age. Sixty-peecent of the sample had
get a clear picture of how the disease appears in indgé¢hentia, 29 percent suffered from MCI, and 10 percent
uals and across large populations. Critical questions f@re still cognitively intact. Better understanding of fac-
physicians, research scientists, and public policy makgi$ that enable nearly 40 percent of people age 97 and
involved in AD treatment and prevention include: Howlder to remain dementia-free could help identify strate-

widespread (or prevalent) is the disease? Is it more @}ide¥dr preventing progress to dementia in younger elders.
common in certain populations? What is the relation-

ship of AD to other chronic or age-related diseases? g4ditional advance in estimating prevalence:
How is it different from normal cognitive aging?

T he NIH scientific portfolio for AD covers a widebut specific data are lacking for the over-97 age group,

= Wilson et al. (2009a) Biracial population study of mortality in
. mild cognitive impairment and Alzheimer disease. Rush
Prevalence of Dementia Alzheimer’s Disease Center. Supported by NIA and NIEHS.

As the average age of the U.S. population rises, developingms
a reliable estimate of the current and future prevalence
of AD becomes increasingly urgent. Knowing how miriwks with Other Diseases

people have or are likely to develop AD can help manzj

e . .
private and public health resources in the coming ye$ g_ques and tangles are usually the most obvious disease
For example, the number of people living to 100 or eatures seen under the microscope in brain tissue from

beyond is expected to be 15 times greater in 50 yeal%eceased AD patients. However, individuals diagnosed
gh AD also often suffer from other diseases affecting

than it is today. Since the risk of AD increases with age, " _
e brain, such as vascular disease. In a postmortem

pertinent questions are: What proportion of centenari- )
ans will be affected by AD? How many more relative§tUdy of 349 people who had been diagnosed before

will be impacted? death with either AD or MCI, neuropathologists at the
Data are available on the current prevalence of ApHSh University Alzheimer's Disease Center in Chicago,
in a number of communities aod a national level, IL, found ewdencg of other disease processes in almost
half of the AD brains and 20 percent of the MCI brains
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Research Advances

(Schneider JA et al., 2009). Most common were micrg-not surprising, given that diabetes is a risk factor for
infarcts—small spaces in brain tissue where cells hacerebral atherosdsis (accumulation of fatty deposits
died due to blocka@é blood vessels that once nour- inside brain blood vessels that restrict or block blood
ished them—uwhich are associated with cerebrovasctulaw). Interestingly, the people who had diabetes in
disease.The next most common disease signature waddition to dementia actually carrdedamyloid on
Lewy bodies in the cortex. Lewy bodies are abnormakverage at the time of their deaths than did nondiabetics
clumps of protein often found in the brains of older with dementia. The brains of nondiabetics with demen-
people that differ in structure and composition from tia also had higher levels of free radical damage. These
plaques and tangles. They are associated with demedifierent patterns of injury suggest different underlying
with Lewy bodies, and are also found in the brains omechanisms of pathology and may have implications
people with Parkinson’s disease. both for mechanisms of disease development and

A key finding was that people whose brains showsassible therapies.
“mixed” disease (plaques and tanglesnicroinfarcts,
fqr example) were more cqgnitively ?mpaired when the:" Deciphering
died than those whose brains contained only compare*..e AD Biolo

o gy

levels of plaques and tangles. Microinfarcts and Lewy
bodies may compound the negative effects of plaquescientists believe that the accumulation of beta-amyloid
and tangles on neural function, so that fewer p|aque§ragments around neurons and blood vessels interferes
and tangles are required to produce noticeable cogniiii@ communications between cells. This communica-
decline. This study highlights the need to understandion breakdown is followed by loss of synapses and
how other disease processes contribute to brain dysfigrth of neurons (serief Primer on Alzheimers
tion in people diagnosed with AD. In addition, the  Discase and the Brain, page 11). Muchesearch has
finding that microinfarcts seem to exacerbate the ned@cused on exactly how beta-amyloid disrupts inter-
tive impact of plaques and tangles on neural functiorfflular communication. Keyestions to be answered
consistent with increasing evidence of overlap betwel@glude:
risk factors for AD and vascular diseaséseeions @ \wjth which molecules does beta-amyloid interact at
Between AD and Vascular Disease, page 28). the synapse?

Diabetes ianother disease that often coexists with
AD in older adultsNeuropathologists at the University® With which specific cellular processes does beta-
of Washington in Seattle found that the brains of peopfgyloidinterfere?
who had died with diabetes and dementia had more g \which brain “circuits” (systems of interconnected
neuroinflammation and more microinfarcts than thos‘ﬁeuons)are most affected by beta-amyloid and why?

with dementia alone (Sonnen et al., 2009). This finding
B What mechanisms support normal cognitive function

in olderindividuals who also display substantial levels of
brain amyloid?
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Research Advances

There is also increasing research interest in appadetdil than had previously been possible. They discovered
points of overlap between cellular and molecular  that plaques @arsurrounded by halos of soluble beta-
changes occurring in AD and in “normal” brain agingamyloid, and that spines first begin to collapse upon con-

tact with these halos (Koffie et al., 2009). Thus, plagues
Synaptic Dysfunction may serve as a reservoir for soluble beta-amyloid, which in
turn triggers collapsé spines and loss of synaptic contacts.

One mechanism the brain uses to store memories is a (" advances related to synaptic dysfunction:

cess called “long-term potentiation” (LTP). LTP is a » Lopez-Hernandez et al. (2009) Positive modulation of alpha 7

strengthening of the synaptic connection between two neG<ChR responses in rat hippocampal neurons. University of

rons that allows the second neuron to fire more readily. lI:'Fﬁ'rs'da' Bpported by NIA and NIGMS.

process is thought to contribute to memory formation. = Polydoro et al. (2009) Age-dependent impairment of cognitive
Beta-amyloid has been shown to interfere with thignd synaptig function in the ht_ag mouse model of tau pathology.

process. hblerstanding how it does might reveal potenfidpe't Bnstein College of Medicine. Supported by NINDS.

molecular targets for AD drug development. In particulasun et al. (2009) Imbalance between GABAergic and glutama-

researchers would like to identify the proteins involvedsrgic transmission impaadult neurogenesis in an animal

LTP-beta-amyloid interactions. Reports from the mode! of Alzheimer’s disease. University of California, San

University of Southern California Alzheimer's Disease Fancisco. Supported by NIA, NINDS, and NCRR.

Research Center, State University of New York at Buffalo,

and Harvard University identified three different synaptic

proteins interacting with beta-amyloid (Williams.et al Selective Neuronal Death

2009; Gu et al 2009; Liet al., 2009). All three are AD affects neurons sooner and more severely in certain
involved in signaling by the neurotransmitter glutamat@yain regions than in others. Particularly vulnerable are
Another study suggests an alternative or additional heyrons in the entorhinal cortex, hippocampus, and cer-
bet-amyloid “receptor”: cellular prion protein (PrPc).  tain other cortical regions. A key question is, Why are
Prion protein in its abnormal form causes mad cow disg@s@ons in certain regions especially vulnerable to AD?
in cattle and Creutzfeldt-Jacob disease in humans. Scigqtistne cases, it may be because these neurons experi-
at Yale University in New Haven, CT, supported by NlAgnce higher-than-average levels of functional activity (see
and NINDS found that beta-amyloid binds to hippocamy,,sicul Hubs and Amyloid, page 17).
pal nerve-cell membranes at or near sites where PrPcis  Neurons may also be more affected in AD because
found. Moreover, binding to PrPc appears tecbery they synthesizeertain proteins that render them vulner-
for beta-amyloid to disrupt LTP (Laurén e2809).1it  aple. An example is neurons in the basal forebrain, a
is ultimately shown that PrPc is the receptor through Wi§ein region severely affected in AD. These neurons syn-
beta-amyloid binds teerve cells and disrupts LTP, then thesjze high levels of a receptor for nerve growth factor,
drugs that block beta-amyloid binding to PrPc could bewhich usually helps ensure their survival. However,
pursued aggressively as potential AD therapeutics.  jnvestigators at the Buck Institute for Age Research in
Novato, California, supported by NIA and NINDS,

showed that when the receptor is bound by APP, two
Beta-amyloid appears not only to disrupt LTP, but to caysgc events take place: the APP is cleaved into beta-
the collapse of dendritic spines (specialized protrusionsa%bid, and neurons die (Fombonne et al., 2009).
the surfaces of dendrites that receive input from other neu-
rons). LO_SS of dendritic spines is evident _around amylolﬂdditional advance related to selective neuronal death:
plagues "? bo.t h human AD and transgenic mouse mo_d:a |I-Szobertson et.al2009) Amyloid-beta expression in retrosplenial
of AD_‘ Sc'em'_Sts at the Massachusetts_GeneraI HOSp'tELUortex of triple transgenic mice: relationship to cholinergic axonal
Alzheimer's Disease Research Center in Boston soughgf@rents from medial septum. University of California, Irvine.
discover whether this loss is caused by the plaque itselapsported by NIA and NINDS.
by soluble beta-amyloid shed from the plaque. Using a i@\
microscopic imaging technique, the researchers were able to

see amyloid plaques and nearby dendritic spines in greater
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Cortical Hubs and Amyloid

Like airline route maps, the human brain has hubs in several regions of the cortex.

Amyloid and Sleep common in the elderly and cause damage to certain

The idea that amyloid deposition is correlated with higfin regions. This study pites further impetus for

levels of neuronal activity has received further suppoi@sting whether measures that promote healthy sleep also

from a study showing increased beta-amyloid depositfstice risk of brain dysfunction and AD. (Read about a

after sleep deprivation. Active neurons are known to sleep apnea treatment study, page 39.)

secrete beta-amyloid into the fluid surrounding them.

Investigators at Washington University in St. Louis, sdpditional advance related to amyloid and sleep:

ported by NIA, NINDS, and NIMH, measured beta- « O’Hara et al. (2009) Sleep apnea, apolipoprotein epsilon 4

amyloid levels in AD model mice at different points irdllele, and TBI: mechanism for cognitive dysfunction and devel-

the sleep-wake cycle. They found levels to be highes‘i%em of demen'gia_. Sierra-Pacific Mental lliness Rese_arch,_

the end of the wakeful period and decreased during Education, and Clinical Center (MIRECC), Stanford University.

- Supported by NIMH.

sleep (Kang et al., 2009). A similar pattern was seen tor

beta-amyloid levels in the CSF of human volunteers

young healthy males). Additional stuidiesD model

mice showed that beta-amyloid levels and plaque de@adiular Energy Deficits

tion were increased by chronic sleep deprivation andN®urons need exceptionally high levels of energy to

orexin, a neurohormone that promotes wakefulness. support their signaling. Indeed, although the brain

Treating mice with a drug that blocks orexin receptorsepresents only about 2 percent of the body weight of

blocked the dalily rise in beta-amyloid. an average adult human, it uses about 20 percent of the
The possibility that chronic sleep deprivation exa®ody’s energy. Neurons are also especially sensitive to

erbates amyloid deposition is especially intergiseing energy deficits. Failures in energy-generating mecha-

evidence that sleep disturbances, such as sleep apne&nasethat occur as neurons age may contribute to the

development of AD.
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Another finding also points to the impact of normal
Often called the cellular “powerhouses,” mitochondriaging and AD on cellulanergy production. While
are responsible for energy production. Mitochondria aexve cells usually use glucose as their main energy
highly dynamic—they move around inside cells and sauirce, researchers at the University of Kentucky in
fuse with one another or break apart into smaller pietegington, studying the brains of aging rats, observed a
(fission). If the balance between mitochondrial fusionshift to other fuel sources, such as fats and amino acids.
and fission tips too much toward fission, the result isThis metabolic shift was accompanied by the breakdown
abnormally small, malformed mitochondria that may of myelin, the fat- and protein-rich sheath that insulates
not function properly. Such abnormal mitochondria axons. The earliest stages of cognitive impairment in rats
have been observed in the brains of people with AD.coincided with the changes in myelin metabolism. The
Researchers at Case Western Reserve Universitynimestigators hypothesize that these processes damage
Cleveland, OH, found thdihe proteins responsible for neuron structure and deplete energy needed for cell-to-
mitochondrial fission and fusion are abnormally regueell signaling (Kadish et al., 2009).
lated in the AD brain. They also found that applying Insulin-like growth factor-1 (IGF-1) is a hormone
beta-amyloid to rat hippocampal neurons caused thethat promotes cell@wrth. The brain IGF signaling
mitochondria in the neurons’ dendrites to break aparpathway also appears to be involved in aging, as block-
(Wang X. et al., 2009). Thus, abnormal mitochondriaing this pathway prolongs lifespan in organisms ranging
dynamics may be a link between beta-amyloid and sfrem worms to mammals. The pathway may also con-
aptic degeneration. tribute to AD. Investigators at the Salk Institute for
In relatedvork, a research team at the Burnham Biological Studies in La Jolla, CA, discovered that reduc-
Institute for MedicaResearch in La Jolla, California, ing IGF signaling in AD model mice prevented the
supported by NICHD, NEI, NIEHS, and NINDS, development of AD-like disease symptoms, including
showed that nitric oxide (NO), thought to be a key brain inflammation, behavioral impairment, and neuro-
mediator of beta-amyloid’'s neurotoxic effects, stimulatabdeath. Of great interest, the beta-amyloid plaques in
the activity of an enzyme that accelerates mitochondtined brains of these mice differed from those normally
fission (Cho et al., 2009). Drugs that inhibit activity ofeen in AD: the fibrils making up the plaques were more
this fission-accelerating enzyme might therefore be usrelerly and tightly packed than usual. These more
ful to explore as possible therapeutic for AD. tightly packed beta-amyloid aggregates are less likely to
shed the soluble form of beta-amyloid, and are therefore
less likely to be toxic to neurons (Cohen E. et al., 2009).

Since age is the best known risk factor for AD, it Seemlitional advances in brain metabolism, normal aging,
likely that some of the cellular changes that occur with,4 AD:

aging contribute to the_ development of _AD' One Sucf_l Bishop et al. (2009) Review: Neural mechanisms of ageing and
change, depressed mitochondrial function, was examupgnitive decline. Harvard University.

ined by scientists at the University of Southern Cohen AD et al. (2009b) Basal oral boli dul
California in Los Angeles, supported by NIA and = Cohen AD et al. ( ) Basal cerebral metabolism may mo uiate
the cognitive effects of Abeta in mild cognitive impairment: an exam-

NIMH. The_researchgrs investig_ated the pOSSib!e Iinlﬁ)le of brain reserve. University of Pittsburgh. Supported by NIA.
between mitochondrial dysfunction and events in the

AD disease pathway using a mouse model of AD. TH: _Ithouse_, TA. (2_009)_ Revieyv: _V\_/hen does age-related cognitive
. . . decline begin? University of Virginia.

found an age-dependent decline in mitochondrial func-

tion in both normal and AD model mice, which pre- =

ceded the onset of amyloid plaque formation (Yao et al.,

2009). Thus, mitochondrial dysfunction might contrib-

ute to amyloid deposition,&sll as vice versa.
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Brain Amyloid an Early Warning Sign of Possible
Cognitive Decline in Normal Individuals

PiB-PET Scans Key

Questions to Explore
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What Is Normal Aging?

The close association between age and risk of AD raises
the question of whether AD is an inevitable consequence
of aging, especially since many older people with normal
cognition have substantial levels of brain beta-amyloid.
Is there any such thing as “normal” cognitive aging and,
if so, what does it look like?

Understanding what constitutes normal brain aging
and age-related cognitive decsiran important focus of
research. Cognitive decline associated with aging can
compromise quality of life for older people and looking at
brain aging in this way may he|p promote hea|thy Cogni- These results suggest that there is a SpeCiﬁC trajeC-
tive outcomes. It is anticipated that such research, bofi®iiy Of brain changes that occurs during normal aging,
animal models and in humans, can provide critically distinct from that occurring in AD. Brain changes in
important insight into effects of normal aging, distinct cellular mitochondria and energy production also occur
from AD, as well as providing a biological context for tAering normal aging (s€banges in brain metabolism in
abnormal brain changes in AD. More detailed descripormal aging and AD, page 18). Moreey, a review
tions of normal aging will also help in developing earlyfrom the University of Virginia in Charlottesville sug-
and sensitive AD diagnostic tools. gests that declines in certspects of cognitive func-

Investigators at NIA's intramural Laboratory of  tion, such as memory and speed of processing, may
Personality and Cognition imlBmore, MD, carried ~ begin as early as a person's 20s or 30s (Salthouse, 2009).
out an exceptionally detailed analysis of brain changd§ese observations appear to be dependent on the type
over time in 138 people who were 64 to 86 years of &jstudy conducted, cross-sectionmingitudinal, and
and nondemented at the beginning of the study. Braiflebate continues as to the point at which measurable
scans were conducted every year for up to 10 years 2@ddmeaningful change occurs.
cognitive status was evaluated. Some participants devel-
oped MCI over the course of the study, while others Additional advance in understanding normal aging:
remained cognitively normal. Both groups experiencaishop et al. (2010) Neural mechanisms of ageing and cogni-
atrophy (shrinkage) of certain brain areas over time, tgt decline. Haard University.
the specific patterns of atrophy differed. For examp|ep—
the group who remained cognitively normal showed
more atrophy in certain areas of the frontal cortex (the
portion of the cortex closest to the forehead), whereas
the group who developed MCI had more prominent
atrophy in temporal areas (the regions on the sides of
the brain, closer to the ears) (Driscoll et al., 2009).
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Discovering New The Search for New Genes
Genetic Mechanisms Four genes affecting the development of AD have been
known for many years. Mutations in three of them—the

In the early days of AD research, scientists realized thBP gene found on chromosome 21, the presenilin 1 gene
some cases of the disease ran in families. When it diwh thromosome 14, and the presenilin 2 gene on chromo-
appeared quite early, in the 40s or early 50s. By analame 1—cause the rare early-onset forms of familial AD.
ing the patterns of inheritance of these early-onset ca$esAD-associated mutations in each of these genes pro-
of AD, researchers proved that these particular formsmafte the breakdown of the large APP protein along a path-
the disease had a genetic basis. Those findings openey that generates more harmful forms of beta-amyloid.
an entire area of AD research that continues to be highlyrhe fourth gene, apolipoprotein E (APOE), found
productive today. Research into the genetics of earlyon chromosome 19,lisked to late-onset AD. Late-onset
onset AD has revealed much about the biological ba#B is not “inherited” in the same sense that the early-
of the disease, the interrelationship of genetic and eroriset mutations actually cause AD, but genes involved in
ronmental factors in causing it, and molecular pathwégte-onset AD can affect the risk of developing it. APOE
that might be targeted to prevent or treat both early- was the first gene to be identified as influencing late-onset
and late-onset AD. As medical science moves toward\D. APOE has three forms, or allei2se3, ande4.
individualized medicine based on a person’s unique Thee2 form may provide some protection against AD,
genetic makeup, identification of other genes contribaide3 is thought to play a neutral role. Thdorm can
ing to the development and progression of AD—includerease a person’s risk of developing AD.
ing those that may be involved in sporadic, late-onset Research shows that additional genes likely influence
disease, the most common form of AD—may help the development of late-on&&, either as risk factors
determine which preventive and treatment strategiesarprotective factors. Geneticists worldwide are searching
best suited to particular individuals. for these genes.

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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Normal Functions of AD Genes
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A third gene, CR1 (complement receptor 1), iden-
Genetics research has helped to reveal much about tied by theCardiff University investigators, was con-
basis of AD, the interrelationship of genetic and envifirmed as a “hit” in a smaller collaborative GWAS led by
ronmental factors in causing AD, and pathways ameReench investigators (Lambert et al., 2009). CR1 is an
ble to prevention or treatment. Complicating the studynmune system protein involved in inflammation
of AD genetics is the fact that the risk of late-onset ABsponses and lik&U, may be involved in clearing
is probably influenced by many genetic risk factors, dmth-amyloid from the brain. The French study also
likely contributing a small risk distributed across diffeddentified CLU, confirming its potential role in AD.
ent genes affecting a variety of biochemical pathways. A recently published analysis in an independent data
These genetic factors may influence the age at onsesethieas confirmed th@aR1, CLU, and PICALM are
risk of getting the disease, or disease progression. AD susceptibility genes in another population of
Technological developments in genetic analysis dggropean ancestry (Jun et al., 2010).
the last fewears have played a huge role in pushing thisinvestigators at Massachusetts General Hospital sup-
area of research forward. Genome-wide association ptutisd byNIMH identified a fourth potential AD gene,
(GWAS) technologies let scientists use sophisticatedADAM10. They discovered two rare mutations in this
software and hours of computing time to find links gene in individuals from seven different late-onset AD
between individual gene variations and observable traitsijlies. ADAM10 is an alpha-secretase, an enzyme that
such as the presence of AD. For just a few hundred didaves APP in a way that eliminates its potential to
lars, scientists can now rapidly test 500,000 to a millimmm beta-amyloid. A mutation could disrupt this cleav-
sites in an individual's DNA using a gene chip the siz&ge and add to AD risk (Kim M. et al., 2009).
of a postage stamp. Research in animal models as well as humans can
This year, a large GWAS search “struck gold” witlsuggest potential human ABnes. An international
the discovgrof two new late-onset AD genes, CLU artdam of researchers, supported by NIA and NINDS and
PICALM. Variants of these genes that correlated witHed by the Burnham Institute in La Jolla, CA, and
the development of late-onset AD were identified in &iamen University, China, identified a new gene in
collaborative study led by researchers at Cardiff mice—Rps23r1—that reduces levels of both beta-
University, Wales (Harold et al., 2009). The group anamyloid and phosphorylated tau (another major
lyzed more than 16,000 samples collected by dozen$ialimark of AD) when it is turned on either in AD
laboratories acrossr&pe and the United States, includnodel mice or in human cells in tissue culture (Zhang
ing several funded by NIA and other NIH Institutes. Y.W. et al., 2009). This gene may protect mice against
Sometimes newly discovered disease genes are thgsdevelopment of AD-like changes in the brain. If this
terious entities of unknm biological function. gene or one likeis present in humans, therapeutics
Fortunately, a substantial body of knowledge is alreadyght be designed to mimic its protective effects.
available about CLU and PICALM because the proteins
encoded by these genes have roles in well-studied czli:
lar pathways. CLU (ApoJ/clusterin) is another apolipc-
protein and, like ApoE, may play a role in clearing As new genetic risk factors for AD are discovered,
beta-amyloid out of the brain and into the blood (seemeasures to assess individual risk will be developed.
Clearing out beta-amyloid, page 37). PICALMphospha- Currently, APOEe4 is the most robust risk marker
tidylinositol-binding clathrin assembly protein) appeagyailable for late-onset AD, and requests for APOE
to be involed in recycling of cell membrane proteins &enotyping are increasingly common. The REVEAL
synapses. Identification of these two new genes shogigdy group led by researchers at Boston University with

help researchers home in on novel specific biologicafupport from NHGRI and NIA studied the psychologi-
processes that are disrupted in AD. cal consequences of disclosure of APOE genotype test

results in a group of 162 symptom-free adults who had a
parent with AD. This study found that people who had
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the highest genetic risk for AD and were told their test
results did not suffer significantly greater anxiety or

depression during the weeks or months after the test CHEMICAL
than did people who either tested negative or who did —
not learn their test results (Green et al., 2009). o+ e i ROUP
Additional advance in effects of genetic susceptibility testing: rDNAD
= Ashida et al. (2009) Disclosing the disclosure: factors associated
with communicating the results of genetic susceptibility testing HIST Gkl
for Alzheimerdisease. NHGRI Intramural Program. fr— HISTQMEZAL
|
DNA hidd eumpemsiamm—m——"
—
HISTONE

Epigenetics: Nature Meets Nurture
Until recently, scientists believed that genes and environ-
mental factors acted independently to influence an individ-
ual’s biological makeup, including a person’s predisposition
to different diseases. Now we realize that “nature and nur-
ture” are not so easily untangled. Genes can be affected hy
environmental factors, such as diet or smoking, which a
person may be exposed to, even in the womb.

The study of these interactions is capgeherics,
and it isemerging as a new frontier of science. Diet and
exposure to environmental chemicals, among other fac-
tors, throughout all stages of human development can
cause epigenetic changes that may turn on or turn off

) . ; C
certain genes. Changes in the regulation of genes Cq/li'o%al in a family develops AD while another does not.

make people more or less susceptible to developing Bne study, by scientists at the Sun Health Research

dlsel?r?l(ialéj U((:err:: SrnﬁtDétiI(?:]esr I(: Iilf(z:.netic modifications AP stitute in Sun City, AZ, looked at certain chemical

gen » €PIg : modifications in brain tissue samples from deceased iden-

genes do not_mWe char.lges to the genetic code. Thel)(cal twins. The comparison examined levels of DNA

involve cher_mcal a_Itera'uons that_make genes more Orrmfthylation, a chemical modification that can reduce the

less accessible to interactions with enzymes responsig)vcéI at which a gene is exoressed. One twin had devel-

for “reading” each gene’s code and cranking out the pro- 9 bre ' A
: > . oped AD at age 60 and deteriorated until his death at age

tein for which it codes. Environmental factors leave t gl_l’

alzir&

DNA hic S, off

There is some evidence that epigenetic mechanisms
tribute to AD. That may help explain why one indi-

mark on the genome by altering the epigenetic sign the other died cognitively intact at age 79. Methylated

of genes. Like gene mutations. epigenetic changes canp levels were significantly lower in the brain tissue
9 ' g : » €PIg ANGES GAND%he twin who had AD than in that of his brother
passed from one cell to its daughter cells during cell

division, and so can persist for an individual's Iifetime(.NllF‘ stroeni et _al2009)_. The twin with AD_had experl-
enced extensive pesticide exposure during his lifetime as

the cells involved are egg or sperm cells, the changes ¢ D of hi . . .
. result of higprofession. Pesticides are one environmental
also be passed to the next generation. (The old phr

%etor believed to cause epigenetic changes, although it is
“You are what you eat” now could be revised to say, P'g ges, g

“You are what you eat and what your mother ate.”) not known if they were a causative factor in this case.
y y ' Recent scientific evidence also points to the involve-

ment of epigenetic mechanismsemory formation
and maintenance. One such mechanism involves
enzymes that chemically modify histones (proteins
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around which DNA is wrapped inside chromosomes) Preventing AD and Promoting
and results in the remodeling of chromosomes, the ir.... Healthy Brain Aging

vidual coils of DNA and protein storing genetic infor-

mation inside cells. Two papers from the Massachusafsne“C factors cannot fully account for why SOME peo-
Institute of Technology in Boston and Columbia ple develop AD and others do not. There is mounting

University in New York, NY, supported by NINDS evidence that a number of nongenetic factors, such as

suggest an involvement of histone-modifying enzyméjsl,% Ilfestyle,_and exposuredto certalp e_n\lilr(;ndmen;[al .
memory formation and AD and point to these enzym@gents’ May INcrease or reduce ones risk or developing

as possible targets for therapeutic development (GuaﬁpetUnderstanding the;e nongenetic ri;k factors will
al., 2009; Francis et al., 2009). point the way to potential therapies or lifestyle changes

that can help prevent AD.
Additional 2009 adva ; iogenetics: ] ]
won vance m ej_”g_me o ~_ Potential AD Risk Factors
= Debette et al. (2009) Association of parental dementia with . d . head ini l-estab
cognitive and brain MRI measures in middle-aged adults. B ét(a}{anc.lng age and serious _ea Injury qre \_Ne -éstan-
University. Supported by NIA, NINDS, NHLBI. lished risk factors for developing AD. Scientists are

exploring a wide range of other possible factors.

The hormone estrogen has important effects on the
brain, many of which are potentially relevant to cogni-
tive aging and AD. For example, animal studies have
shown that estrogen protects neurons against a wide
spectrum of toxic insults, some of which are linked to
AD. Estrogen can also reduce formation of beta-amyloid
and can counteract some of the effects of normal aging
on cognition when administered to nonhuman primates.

In humans, some large observational studies have sug-
gestd a possible protective effect of estrogen for women.
Clinical trials and studies have attempted to assess whether
estrogen therapy can protect women against age-associated
cognitive decline. In the largest trial to date, reported in
2003, data from the Women's Health Initiative Memory
Study (WHIMS) showed that prolonged treatment with a
common type of hormone therapy (conjugated equine
estrogens) increased the risk of dementia and adversely
affected cognition in women age 65 and older.

However, in the WHI trial, postmenopausal hormone
therapy was usually stdrmany years after normal repro-
ductive cycles had stopped and involved synthetic hor-
mones. Further, hormone treatment also increased the risk
of stroke, suggesting that impaired cerebrovascular function
may have been a factor in participants’ cognitive decline.
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To try to understand why hormone therapy impaire::
cognitive function in the WHIMS study, researchers afAn estimated 200 million patients worldwide have sur-
Wake Forest University and NIA's Laboratory of gery with anesthesia each year. Several studies have linked
Personality and Cognition in Baltimore, MD, used MRd$ieneral anesthesia in surgery with an increased risk of AD
to look for brain degeneration in a group of women, algés in life. Researchers at Massachusetts General
79 to 89, who had participated in the 2003 WHI trial. Hospital and Harvard University in Boston, supported by
The women who had received hormone therapy showd&MS, NIA, and NINDS, looked at the most com-
more shrinkage of the hippocampus and frontal cortemonly used inhalation anesthetic (sevoflurane) and found
than those who did not. (These brain regions are impmrereases in beta-amyloid levels and cell death when it was
tant for memory and planning, and also show shrinkaggeplied to a glial tumor cell line in culture. In addition,
in AD.) Many of the women who received hormone mice anesthetized for 2 hours showed increased beta-
therapy also showed evidence of varying degrees of arayoid deposition in the frontal cortex (Dong et al.,)2009
damage due to cerebrovascular disease, but the extelhiimportant to note that no evidence to date with this
that damage was not significantly higher compared withany ¢her inhalation anesthetic shows similar results in
women who had received a placebo (Coker et a)., 208@mans, but further study of effects of anesthetics on
This finding suggests that the adverse effects of horntavelopment of brain pathology may be warranted.
therapy on cognition wemnet due to an increase in cere-
brovascular disease (Resnick et al.).2009

The human clinical data highlight the substantial A pilot study of 47 healthy subjects, 55 to 67 years old,
gaps in our understanding gaoan hormone influ- provided additional support for previous research suggest-
ences on neurocognitive aging, as recently summarizegia link between lead exposure and memory impairment.
from an NIA-sponsored workshop convened to addrgsgestigators at the University of Rochester, NY, supported
these issues (Asthana et al., 2009). One of these qubg-NIEHS, found that higher lead levels in bone, which
tions is about timing. Animal studies have shown thatndicate accumulated lead exposure over time, were associ-
estrogen has positive effentshe brain, but only if ated with impaired performance on two memory tests used
administered during or immediately after withdrawal td detect MCI (van Wijngaarden et 2009).
ovarian steroids. Thus, estrogen may protect cognition
in humans only if administered at a particular age or A@¥/itional advance related to AD risk factors:
a specific amount of time after menopause. Two NIA; de la Monte et al. (2009) Mechanisms of nitrosamine-mediated
funded clinical trials in progress will compare the effeeisgodegeneration: potential relevance to sporadic Alzheimer's disease.
of early and late hormone therapy on cognition, and Rhode Island Hospital/Brown University. Supported by NIAAA.
other endpoints: the Kronos Early Estrogen Preventiop
Cognitive and Affective Study (KEEPS—CA) and the
Early versus Late Intervention Trial with Estrogen
(ELITE) (seelD Clinical Trials, page 38).
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Lifestyle and Successful Cognitive Aging people (average age, 80). Consistent with previous stud-
Many individuals stay mentally sharp to age 90 and i€s, they found that better cogmitfunction was corre-
beyond, and there has been increasing research empgHgsigvith more frequent participation in social

on finding out why. Epidemiological-observational— activities, as well as with the subjects’ own perception of
studies such as those described below are important®ng well-supported socially. This correlation was sig-
identify associations between certain lifestyle factorsrifigant even after accounting for higher levels of intel-
the risk of developing AD. However, even if substantigctual and physical activity (Krueger et al., 2009).
evidence is found for a potential association, observa-

tional studies alone cannot establish a cause-and-effeci _ _ S _
relationship. To be useful in the clinic, associations Building evidence from epidemiological studies and sev-

between some factor and AD risk must be able to yi@@I small clinical trials in healthy adults have shown that
an intervention that can be randomly assigned to indf€robic exercise may help prevent age-associated cogni-
viduals in a clinical trial, as randomized trials remain §4@ decline, at least in the short term. Studies in animals
gold standard for identifying successful treatments (s&¢ggest that exercise may strengthen cognition in part by
AD Clinical Trials, page 38). supporting the hippocampus, a brain structure critical for
Researchers for tHealth ABC Study at the learning and memory that is one of the first to deterio-
University of California,a® Francisco, and the NIA ~ faté during both normal brain aging and in AD. A report
Intramural Research Program identified several factof®Mm investigators at the University of Pittsburgh, PA,
associated with continued cognitive health. In a grougnd the University of lllinois, Urbana-Champaign, sug-
of 2,509 older people who were functioning well whe@iests that exercise supports hippocampal function in
they entered the study (at ages 70 to 79), factors comumans as well. They assessed cardiorespiratory fitness in
tributing to enhanced or intact cognitive function 165 older adults using a treadmill test, and found that
included at least a high school level of education, nofigher fitness levels were associated not only with better
smoking, and engaging in moderate to vigorous exerRfiormance on a spatial memory test but also with

on a weekly basis (Yaffe et al., 2009). Similar associgfeater hippocampal volumes (Erickson et al).2009
tions have been found in a variety of studies. Work by researchers at Washington University, St.

Louis, MO, supported BYIA and NIMH, suggests
some forms of exercise are more beneficial than others, at

A number of studies have found that social interactioigast in one animal model. In AD model mice, voluntary
whether through work, volunteering, or living with ~ €Xercise was superior to forced exercise in reducing plague
someone, is associated with maintaining cognitive ~deposition and improving memory (Yuede et al.).2009
health. It has not been clear, though, whether this coftother study, supported by NIA and NIAMS, from the
lation is due to the increased intellectual stimulation &tdversity of Californiantine, on AD model mice bear-
physical activity that generally accompany social intdfgcdifferent forms of the APOE gene suggested that exer-
tion or whether it was the social interaction itself thatCise is especially beneficial for cognitive function in mice
was beneficial. Researchers at the Rush University With the APOEe4 form (Nichol et al., 2009

Alzheimer's Disease Center in Chicago, IL, addresseﬁdditional advance related to exercise and AD risk:

this question in a large study of nondemented older = McAuley et al. (2009) Trajectory of declines in physical activity

in community-dwelling older women: social cognitive influences.
University of lllinois, Urbana-Champaign. Supported by NIA.
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Interactions Between AD and Vascular Disease
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Detecting Cognitive Testing
Disease Earlier Extensive cognitive testing has been a key diagnostic tool

Many researchers believe that therapeutic intervention f'g}D ’ reflned_ OvVer many years. Many existing tests_were
esigned to diagnose relatively later stages of the dis-

AD are more likely to be effective if initiated early in th ¢ . i le wh o the doctor’
disease process. Since we now know that the brain d:;ﬁ e—lor Zxamp e’llr.‘ peopfe Who come k?l N 3\(/:horts_
caused by AD can begin long before cognitive impair © already compiaining of memory probiems. atis

becomes evident, intensive effort has been aimed at dg%]rfently lacking are tests that can detect and track the

oping methods to detect this damage at its earliest staggg.'?st most suptle stgges of the disease and t ests that
an identify who is at risk of eventually developing the
disease. Research efforts now concentrate on the develop-
ment of a new generation of cognitive tests that are more
sensitive to changes in cognition and more reliably dis-
criminate between normal aging, early stages of AD, and
cognitive impairment due to other diseases, such as cere-
brovascular disease or Lewy body disease. Progress towar
establishing a detailed account of normal neurocognitive

aging will importantly inform this effort.

B MCI is often a transitional stage between normal
aging and AD. Sensitive, accurate diagnostic tests for
MCI are critical to identify people at risk of developing
AD and to predict the likely progression of symptoms.
There has been considerable variability in assessing how
common MCI is in the population and the rate at
which people with MCI progress to AD, due in part to
the use of different criteria for diagnosing MCI.
Researchers at the University of California, Los Angeles
Alzheimer’s Disease Center assessed 115 people with
amnestic or nonamnestic MCI using a battery of tests
for different neuropsychological functions, such as
memory, attention, and visuospatial processing, then fol-
lowed their progress for 16 months. (In amnestic MCI,
memory is the dominant problem; in nonamnestic
MCI, other cognitive impairments dominate, such as
problems with language, visuospatial processing, and
attention. People with amnestic MCI are more likely to
Scientists are currently exploring three main progress to AD than those with nonamnestic MCl.) In
approaches to early diagnosis: cognitive testing, brain both the amnestic and nonamnestic groups, the per-
imaging, and measurement of biomarkers in CSF. In addintage of people who had performance deficits differed
tion, there is a growing body of research on other earlysignificantly for different tests. However, the people who
symptoms and changes that may signal the onset of Ablere most impaired on memory tests at the beginning of
the study were also the most likely to have persistent
memory deficits over the long term (Teng et al., 2009).
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B The Mini Mental State Examination (MMSE) was Another source of diagnostic information, used in con-
designed in 1975 and remains the most widely usedjunction with cognitive tesis,reports from family
screening test for dementia. The MMSE is not sensitmembers and other caregivers about how well a person
to mild cognitive changes, nor is it very useful for disis functioning in day-to-day life. However, these infor-
tinguishing between AD and other forms of dementiamiant reports, too, may be affected by ethnic and cul-
has remained in use in part because it is simple, quitkrtd differences. Investigators from Duke University in
administer, and can be used in any doctor’s office. MBsirham, NC, found that family member/caregiver
clinical trials use MMSE scores to help determine whep®rts were less likely to predict cognitive impairment
eligible to participate. A number of new tests are undsithout dementia in African Americans than in whites
development that retain those virtues but provide mofeotter et al., 2009). These results are consistent with
sensitive and accurate diagnoses. For example, previous studies suggesting that African Americans are
researchers at Mount Sinai Medical Center in Miami,less likely than whitesr&port cognitive changes in
FL, reported on the Florida Brief Memory Screen, family members. This difference may reflect different
which shows high sensitivity for detection of MCI andcultural perceptions of “normal” aging. For example, a
takes only 3 to 4 minutes to administer. The testis research team at the University of Michigan and Boston
available in Spanish and English, an important featurdniversity Alzheimer’s Disease Centers studied a group
as linguistic issues can compromise test performancef 301 people in the Boston area, most of whom had
(Loewenstein et al., 2009). personal experience with AD as a caregiver and/or rela-
B Several computer-based tests have also been devet ve.eg»lgnlflgantly more of the African Am_enca_n than_

. . wHité participants believed that memory impairment is
most of which can be used with a standard personal com- .
puter. Most of these tests have to be administered and" expected part of aging (Connell et al., 2009).
scored by a clinician, as is also true for pen and paper-
based tests like the MMSE. University of Pittsburgh
researchers reported on a new computer-based test,
Computer Assessment of Mild Cognitive Impairment
(CAMCI), that is both self-administered and automati-
cally scored. The researchers reported a good sensiti
for detection of MCI (Saxton et al., 209

Additional 2009 advance related to cognitive testing:

= Schneider LS et al. (2009) Characteristics and performanc
a modified version of the ADCS-CGIC CIBIC+ for mild cogni
tive impairment trials. University of Southern California.
Supported by NIA, NCRR.

Several reports have suggested racial and ethnic dif
ences in the prevalence of AD. Studies seeking to
explain these differences have found that cultural fa
and variations in education quality, for example, can
affect performance on standardized cognitive tests.
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Other Early Signs and Symptoms Visuospatial skills allow us to perceive objects and
The clinical picture of AD is changing considerably. R8¢ spatial relationships among them and to judge how
many years since AD was first described in 1906, cliflose or far away we are from objects in our environ-
cians believed that it was a rare disease affecting mifitgat. These skills are crucial for navigating city streets,
aged adults. In the 1960s, at about the same time lafjfrown homes, or an assisted living facility. Researchers
numbers of people were living past age 65, it becamat the Washington University Alzheimer's Disease

evident that a similar disease occurred in older adult&eter in St. Louis, MO, studied 444 older people, all

the time, the clinical description of AD focused on th@f whom were cognitively normal at the start of the
symptom of memory loss, specifically, loss of the abifitydy. About 30 percent of them subsequently developed
to form and recall memories of recent events. Now thflee In this group, performance on tests of visuospatial

is growing recognition that, even in its earliest stageskill began to decline 3 years earlier on average than per-
AD can affect other cognitive skills and disrupt moodformance on memory tests (Johnson et al., 2009).

and behavior, sometimes even before memory is Investigators at the University of Rochester, NY,
affected. Scientists are also increasingly aware that thevided futher evidence that visuospatial skills can
symptoms and course of AD can vary considerably feifline while memory remains relatively intact (Duffy,
person to person, depending in part on whether an i§09). The team studied navigational problems associ-

vidual has other common diseases and conditions oféé®dl with AD, specificallpe question of why people
age, such as vascular disease or diabetes. with AD tend to get lost in familiar environments. They

found that the brain's electrical responses to navigation
are reduced in people with early AD, and that this abil-
Cognitive changes in the early stages of AD may incitydean be impaired even in people with no measurable
deficits in the ability to process sensory information. memory deficits.
NIA-supported research published in 2008 showed that Another report this year from the University of
some people with AD begin losing their sense of sméllabama, Birmingham Alzheifadisease Center
early in the course of the disease(e8eProgress found that in everyday life, people with MCI have worse
Report on Alzheimers Disease; also additional references driving performance than their cognitively normal peers
below). Resealr reported in 2009 suggests that visuo{Wadley et al., 2009). The MCI group did not have
spatial skills also may falter early on. worse visual acuity (sharpness of vision) than the control
group. Thusit is possible that the MCI group’s
impaired driving performance reflected deficits in corti-
cal visuospatial processing, similar to the navigation def-
icits observed by the Rochester researchers. On the other
hand, this impaired level of driving performance could
reflect changes in executive function (e.g., the ability to
rapidly choose the appropriate action once you have
detected a potentially dangerous situation), given the
complexity of driving.

Additional advances in sensory changes:

= Murphy et al. (2009) Olfaction in aging and Alzheimer’s dis-
ease: event-related potentials to a cross-modal odor-recognition
memory task discriminate ApoE epsilon4+ and ApoE epsilon 4-
individuals. San Diego State University. Supported by NIA and
NIDCD.

= Wilson et al. (2009b) Olfactory impairment in presymptom-
atic Alzheimer’s disease. Rush University Alzheimer’s Disease
Center. Supported by NIA.
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5) ring the course of AD, certain regions of the brain

Many people with AD experience behavioral and mood'. K due to the d i ; d death of
disturbances, including depression, irritability, and digipn« dué to the degeneration of synapses and death o

hibition (displays of socially inappropriate behavior). neurons. Researchers have been using brain scans to try

Indeed, such “neuropsychiatric” symptoms are the pﬁp detect such changes very early, before people have sig-
’ ificant cognitive impairment. A collaborative team of

mary reason caregivers consider moving family menﬂ)‘g?gt. tors f the Uni itV of P vania i
with AD to nursing homes. Investigators from the University of Pennsylvania in

Behavioral and mood disturbances also appear topl%ladelphla and NIAs Laboratory of Personality and

aseciated with more rapid progression from MCI to C_:ognition in Baltimore, MD, developed a pattern detec-
dementia. Researchers at the Instituto Universitario tlon_p_r ogram to analyze MRI scans obtained from A.D NI
CEMIC in Buenos Aires, Argentina, in collaboration participants. Th? program compared pat_terns of brain

with Johns Hopkins University Alzheimer’s Disease area loss over time in people with AD with those Pf cog-
Center scientists, studied 239 people with MCI, of nitively normal people the same age. Based on differences

whom 36 percent had persistent neuropsychiatric sy :[hesr:a .patter”nfs, tr’l\erlrlc()grarr]n generattlaldc;a t‘;‘”‘i of tial
toms in addition to cognitive symptoms. They also pro_earc Image” for AD-Iike changes, called the “spatia

. . . : tterns of abnormality for recognition of early AD
gressed more rapidly to dementia. During the period ,
the study, 44 percent of the people with both MCI an PARE-AD).” The researchers then used the program to

neuropsychiatric symptoms converted to AD, and 18 analyze people enrolled in NIA's Baltimore Longitudinal

percent converted to frontotemporal dementia (FTD),Sc‘ltUdy of Aging neuroimaging study. In that investiga-

degenerative dementia affecting the frontal and tempBPt ’ ptiople. who had Ieitherul[\‘/ICIr(])rdrrlﬁm(;].ryhde(iline
lobes of the brain and causing changes in personalit))’v' otherwise normal cognition had the highes

behavior, language, and movement. In contrast, only %gAREt'At?] StCOI’Ef]_([t).aV?'[(ZjIkOitet ag, t20(;9 ) Thetﬁ tL(dey
percent of the people who had MCI without neuropsywtghg'\e/lsl’:;. at sophis '(;]a Ie .Ea t?m € e;: IOP metho ls
chiatric symptoms converted to AD, and none to FTDV 'magingmay neip iden ity cognitively norma
individuals who are likely to show cognitive decline.

(Taragano et al., 2009 -

A l-year structural MRI study of 449 participants by
Biomarkers and ADNI ADNI'lnvestlgators at the Unlvgrsny of California, San
o . . e Francisco, found that people with AD and MCI lost vol-
The Alzheimer's Disease Neuroimaging Initiative (ADNI]) . . : : )

e in the hippocampus more quickly than did cogni-

was launched in 2004 to determine which imaging . . :
- tively normal people The losses were associated with
methods and fluid biomarkers can best track and predict’. ~ . ”
eteriorating scores on cognitive assessments. In people

clinical change over time (more information on ADNL, with AD, higher rates of loss in hippocampal volume also
page 54). As of fall 2010, ADNI scientists had coIIecteé g PP P

3 years of longitudinal data from more than 800 patrtici-
pants (about 200ormal, 400 with MCI, and 200 with

AD) at 59 U.S. and Canadian sites. In 2009, ADNI

helped identify a number of precisely measurable, clini-
cally relevant biomarkers that will enable more accurate
diagnosis and prediction of disease course and also speed
and cut the cost of clinical trials.
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correlated with the presence of the Adagene, a risk  responds to therapies. Like all ADNI results, these find-

factor for Alzheimer’s. In people with MCI, higher ratesinfs have begrosted to a publicly accessible database

hippocampal loss were associated with lower levels ofdlailable to qualified researchers worldwide.

peptide beta-amyloid 1-42 (AB2) in CSF. The finding

of accelerating hippocampal loss is important for unde’dditional advances in neuroimaging:

standing the natura'_ hiStor)_’ of the disease _an_d emphgsi%‘kerson et al. (2009) The cortical signature of Alzheimer's dis-

the need for early diagnosis and therapeutic interventiease: regionally specific cortical thinning relates to symptom severity

the study report noted (Schuff et al., 2009b). in very mild to moderate AD dementia and is detectable in asymp-

researchers thie Mayo Clinic in Rochester, MN, have Harvard University. Supported by NIA, NINDS, and NCRR.

shown that PET imaging holds potential for a differentFennema-Notestine et al. (2009) Structural MRI biomarkers

use: the identification of people with AD pathology wit prec!inical anq mild Alzheimer’s disease. University of

have not yet developed dementia. Detection of brainCalifornia, San Diego (ADNI).

beta-amyloid could potentially be used as a risk factQrMeevoy et al. (2009) Alzheimer disease: quantitative structural

predict future decline to AD (Jack et al., 2009). neuroimaging for detection and prediction of clinical and struc-
tural changes in mild cognitive impairment. University of
California, San Diego. Supported by NIA (ADNI).

Researchers took a major step forward in developing a

test to diagnose early-stage AD by measuring two biQzditional advances in biomarkers:

markers—tau and beta-amyloid proteins—in CSF. » Fagan et al. (2009a) Cerebrospinal fluid tau and ptau(181)

Previous imaging stgdies had. shown that AD-like increase with cortical amyloid deposition in cognitively normal indi-
changes can occur in the brain years before any cogwituals: implications for future clinical trials of Alzheimer's disease.
tive symptoms appear. However, CSF testing costs |&¥sshington University. Supported by NIA, NINDS, and NCRR.
than brain imaging, so resear_chers have sought CSF. P?Qjan et al. (2009b) Decreased cerebrospinal fluid Abeta(42)
marker changes correlated with the development andorrelates with brain atrophy in cognitively normal elderly.
progression of AD. A report from the ADNI Biomarkewashington University. Supported by NIA, NINDS, and NCRR.
Corg E_It th.e Un!verSIty (_)f Pennsylvanla SChO_OI of » Jagust et al. (2009) Relationships between biomarkers in aging
MedICIne_ln Philadelphia provided strong evidence thaly gementia. University of California, Berkeley (ADNI).
changes in CSF tau and beta-amyloid signal the onset of . .
mild AD. Researchers also established a method for* Okereke et al. (2009) Ten-year change in plasma amyloid beta
tandardized testing for these biomarkers (Shaw et levels and late-life cognitive decline. Harvard University.
S 9 _ pported by NIA and NCCAM.
2009). These results may open the door to the discover
of an entirgpanel of CSF biomarkers that will predict
who is at risk of developing AD and how the disease
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Developing Novel the discovery of a new therapeutic target to the time a
Therapeutic Approaches new drug reced¢ FDA approval for use in the general
patient population (Paul et al., 2010). At each step of
Translational research is a multidisciplinary effort thathe translational process, there is a very high failure rate.

enables the transfer of information between basic-scienda recognition of the difficulties in moving basic scien-
laboratory studies and clinical research for the purpotic knowledge toward drug development, NIA's Division
of developing novel therapies. The discovery and dew¢INeuroscience instituted a series of funding initiatives
opment of new drugs for neurological disorders is aimed at creating a robust AD translational research pro-
extremely challenging and very expensive. On averagerit. The aim is to increase the number of investigational
takes more than 13 years and costs $1.78 billion fromew drugs that can then be tested in humans.

Target Validation

Assay Development
Screening, Hits to Leads
PAS 10-151 (R21)
PAR 10-001 (RO1)
PAR 10-002 (R21)

Lead Selection and AD Pilot Clinical Trials, PAR 08-062 (R01)
Lead Optimization Alzheimer s Disease Cooperative Study (U01)

PAR 10-205 (U01) Investigator Initiated Clinical Trials (R01)

IND-enabling Toxicology

Contract Services

200PROGRESS REFABEAHEIMER S DI




Research Advances

Drug Discovery and agents that inhibit Hsp90 can protect neurons against

Preclinical Development beta-amyloid toxicity as weskzz aggregation. A drug

NIA support provides critical investments in the riskiediscovery research team from the University of Kansas in

early steps of AD drug discovery and preclinical drug-awrence involved in the design of novel Hsp90 inhibi-

development, which the pharmaceutical industry is tors for AD reported that three new analogues of the

unlikely to pursue. The NIA Translational Research Hsp90 inhibitor novobiocin provide excellent neuropro-

Program funds a diverse portfolio of more than 60 prtgetion, with little, if any, toxicity in a cell culture model

ects, ranging from early drug discovery to preclinical of beta-amyloid (Lu Y et al., 2009

development of novel therapeutic compounds aimed at

a variety of targets (§@&nceska et al., 2009, for a

detailed summary). Memory is governed by long-term changes in nerve cell

To date, thigrogram includes more than a dozen firing patterns, which in turn require changes in the

preclinical drug developmembjects focused on 1) preexpression of certain neuronal genes. Regulation of gene

clinical optimization of novel therapeutic candidates, expression is the business of proteins called “transcrip-

2) repurposing and/or reformulation of drugs currentliion factors.” The activity of one such factor, CREB

in use to treat other disease conditions, and 3) preclitwhich seems to be particularly important in memory

cal development of naturally occurring compounds. formation) can be increased using the drug sildenafil

Following are examples of new candidate therapeuti€¥iagr&). When scientists at Columbia University in

for each of these three areas. New York, supported by NIA and NINDS, applied
sildenafil to hippocampal cells from AD model mice in
tissue culture, they saw immediate and long-lasting

Tau aggregation inhibitors. One of the hallmarks of  improvements in synaptic function. In addition, short-

AD is the abnormal clustering of the tau protein into term (2- to 3-week) administration of sildenafil to living

neurofibrillary tangles (sé@rief Primer on AD and the  AD model mice significantly improved their perfor-

Brain, page 11). Tau has emerged as an attractive themance in memory tests up to 3 months later.

peutic target for AD and other neurodegenerative disiterestingly, the drug also reduced beta-amyloid levels

eases, commonly known as tauopathiesiltidisci- in these mice, perhaps through its effects on gene

plinary team from the University of Pennsylvania in expression (Puzzo et al., 2009).

Philadelphia reported the discovery in mice of two can-

didate compounds that are effective inhibitors of tau

aggregation and can penetrate the blood brain barridPata from epidemiological studies and laboratory exper-

after being orally administered (Ballatore et al., 2010)nents suggest that gonadal steroid hormones (sex ste-

The Translational Research Program is supporting theoids) and their metabolites can promote neuronal

further preclinical optimization thfese compounds.  health, while their decline or absence is associated with
higher risk of neurodegenerative disease, including

Hsp90 inhibitors. Heat slock protein 90 (Hsp90) is a Alzheimer's (ségsrogen, page 25). One of the steroids

member of a large family of molecules that help reguk@t declines in the aged braind in AD brains in par-

the transformation of healthy cells to diseased ones. tigitilar, is allopregnanolone. Previous experimental evi-

recently, Hsp90 was mostly known for its involvemengi@gnce demonstrated the ability of this neurosteroid to

malignant transformation in cancer. But several laboratémulate the production of neuronal progenitor cells

ries have now provided evidence that Hsp90 plays a (oRils that ultimately develop into functional neuronal

in maintaining the stability of abnormally folded neurcsells in the brain) in rodent models. A multidisciplinary

nal proteins, allowing the accumulation of toxic aggreteam from the University of Southern California in Los

gates (Luo et al., 201®revious resehrhas shown that Angeles initiated a translational project focused on the
preclinical development of allopregnanolone as a regen-
erative AD therapeutic. The team reported that allopreg-
nanolone can rescue the loss of neurogenic potential in a
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transgenic mouse model of AD and reverse associatétese findings indicate that BDNF has multiple protec-
cognitive decline (Wang JM et al., 2010). The USC tive effects othe neuronal systems that deteriorate dur-
team icurrently identifying a formulation and dosing ing AD and suggest that therapeutic delivery of BDNF
regimen for allopgnanolone that will result in an opti-or other means of stimulating BDNF activity holds

mal efficacy and safety profile for testing in future climiromise as a therapeutic approach for the disease.

cal trials in humans.

Additional advances in drug discovery and preclinical Neural stem cells—cells present in both embryonic and
drug development: adult neural tissue that have the capacity to develop into
« Cohen AD et al. (2009a) Anti-amyloid effects of small molef€Urons—have received less congidergtion as therapy for
cule Abeta-binding ageimsPS1/APP mice. University of AD than for other neurodegenerative disorders like
Pittsburgh. Supported by NIA. Parkinson’s disease and stroke. Because AD affects a

= Ma QL et al. (2009) Beta-amyloid oligomers induce phosph\éfrlsje Ve_me_ty of cell ty_pes acrpss widespread _reglons of
ylation of tau anéhactivation of insulin receptor substrate via the brain, it seemed implausible that many different cells
c-Jun N-terminal kinase signaling: suppression by omega-3 fa@yld be replaced using stem cells. Recently, however,
acids and curcumin. University of California, Los Angeles. scientists have realized that stem cells can improve brain
Supported by NIA and NCCAM. function not only by replacing lost cells, but also by
— promoting the survival and function of remaining cells.
Researchers at the University of California, Irvine,
supprted by NIA and NIAMS, took neural stem cells
m newborn normal mice and transplanted them into
hippocampal regions of aged AD model mice with
Sspread plaques and tangles. The transplanted neural

New Therapeutic Targets
As scientists continue to learn more about the complex[
of the processes and mechanisms of AD, they are also

covering potential new targets for attacking the disease’d

new approaches for treating it. These basic research firk cells reversed spatial learning and memory deficits in

are the stepping stones for translational research effort%ht% de_r T;]C?' gh?y d'g stobnot by r(i.duc;rk\]g pla(\q/\l;[ﬁs ?r
ultimately may lead to new, effective drug therapies. angles in their brains, but by promoting the growth ot
new synapses in surrounding brain tissue. The beneficial

effect of these stem cells turned out to be due to their

Brain-derived neurotrophic factor (BDNF), a growth faxecretion of the growth factor BDNF (Blurton-Jones et al.,
tor produced by neurons, is essential for early brain 2009)- This study is important because it suggests the
development and healthy brain function in adulthood.Potential of neural stecell therapy in AD and shows its
Among other actions, BDNF supports nerve cell grov\}?ﬁne_flmal effects in old t_ransgenlc mice with substantial
and survival and promotes synaptic outgrowth and pl&2-1ike pathology in their brains.

ticity. In people with AD, BDNF levels are abnormally

low in certain brain regions where neurons are dying. o

test the possible therapeutic effects of BDNF, researcﬁé? mber OBPOte?“zl newl 'Fhlerapeurt]lc t_argetz arehc_erﬂerg-
at the University of California, San Diego used a gen ng from 5“% 1€s 0 the multiple mechanisms by whic
therapy approach in several animal models of AD an eta-amyloid is removed or cleared from the brain. Beta-

aging. They found that BDNF had beneficial effects i myloid clearance iS_ accomplished. by proteins on b_rain
all of the models. In AD model mice, it induced recov Il od vessels that bind beta-amyloid and transport it out

of synapses and synaptic signaling markers and impr% ‘braln ?Jnd. mto_ th? béOO(Lj' A research te;jatr)n ?\ItIA
spatial memory. In rats, BDNF prevented the death otVas r:nglzlollrjl anversny n t|§,| ouss, supﬁorted hy b
cortical nerve cells that were exposed to beta—amyloié‘i t_e edroscience ueprint, snowed t at_ y
tissue culture. BDNF gene therapy also had positive experimentally increasing levels of the beta-amyloid

effects on spatial learning and memory in the aged r nsport protein LRP-1 in the mouse brain, it was possi-
as well as in nonhuman primates (Nagahara et al., 2 8 fo dramatically enhance beta-amyloid clearance and
'~ reduce its accumulation (Kim J et al., 2009).

Work by another team of investigators at the
University oRochester, NY, supported by NIA,
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NINDS, and NHLBI, raised the possibility that beta- Testing Therapies for

amyloid clearance by the same transport protein is dis  pPrevention and Treatment

rupted in some forms of AD. They found that LRP-1

production is suppressed by two gene regulatory proAD Clinical Trials

teins (SRF and myocardin) present in abnormally higBlinical trials, which compare a potential new treatment

levels in the brain blood vessels of some people withwith a standard treatment or a placebo (an inactive sub-

AD. Levels of these regulatory proteins in turn are stgtance), are the only way to demonstrate whether a drug

ulated by low blood oxygen levels, a condition associatether type of treatment is safe and effective in

with AD (Bell et al., 2009). humans. The first stage of human trials, Phase I, involves
testing a new treatment in a small group of healthy peo-

Additional advances related to translational research and ple to evaluate safety and tolerability. In Phase I, the

beta-amyloid clearance: treatment is given to a larger group of people with the

« Lakshmana et al. (2009) Novel role of RanBP9 in BACE1 disease to see if it is effective and to further evaluate

processing of amyloid precursor protein and amyloid beta pepafety. In Phase lIl, the last stage before a treatment is

tide generation. University of California, San Diego. Supportegpproved by the FDA, the treatment is given to a large

by NIA. group of people with the disease to confirm its effective-

« Lakshmana et al. (2010) A fragment of the scaffolding prot&§Ss and monitor safety. Phase Il trials are complex and

RanBP9 is increased in Alzheimer’s disease brains and strorggpensive, involving hundreds or even thousands of peo-

potentiates beta-amyloid peptide generation. University of ple and often conducted over long periods of time.

California, San Diego. Supported by NIA. In AD, some clinical trials focus on treatment—

= Oddo et al. (2009) Genetically altering Abeta distribution fréiifategies to presemognitive function for as long as

the brain to the vasculature ameliorates tau pathology. Univepsigsible and alleviate behavioral or psychiatric problems.

of California, Irvine. Supported by NIA. Other trials aim to delay progression from MCI to AD

= Persaud-Sawin et al. (2009) Raft aggregation with specific (secondary preventi_on). Still others TC_’CUS on primary
receptor recruitment is required for microglial phagocytosis oprevention—strategies to help cognitively healthy people
Abeta42. NIEHS Intramural Program. reduce the risk of developing AD in the future.

—— NIA provides both infrastructure and funding
opportunities for clinical delepment of AD therapeu-

tics. The major clinical trial programs are the Alzheimer’s
Disease Cooperative Study (ADCS) and the AD Pilot
Clinical Trials Initiative (se@ditional information, pages

53 and56). These programs are in addition to continued
support of investigator-initiated clinical trials for AD,

MCI, and age-related cogretigtecline.

Two trials published in 2009 support the notion that
AD progression can be slowed by targeting symptoms
other than memory loss (for example, depression or
sleep apnea, in the trials reported here). A third study
argues against the popular belief that gingko biloba is
effective in preventing cognitive decline. Eleven addi-
tional clinical trials reached completion this year; the
results are still being analyzed and/or awaiting publica-
tion (se&ecently Completed Trials, page 40).
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Slowing progression to AD among
people with MCI and depression
People with MCI are at higher risk for progressing to
AD if they also have neuropsychiatric symptoms such as
depression, apathy, or anxiety. The Alzheimer’s Disease
Cooperative Study (ADCS) examined the effects of
depression on progression from amnestic MCI to AD in
208 people who had depression and 548 who did not.
Symptoms of depression were assessed as a secondary
outcome measure as part of the ADCS trial of donepezil
(Aricep?), vitamin E, and placebo in participants with
MCI. Study investigators reported that depressed
patients were more likely to progress from MCI to ADhose who discontinued CPAP use. Importantly, caregiv-
than nondepressed patients. Also, the proportion of ers of people in the CPAP group reported that their sleep
depressed patients progressing to AD was significantlias better and that the patients’ behavioral disturbances
lower for the donepezil group than for the combined improved (Cooke et al., 200%he results of this small
vitamin E/placebo group for a little more than 2 yearstudy suggest that long-term CPAP treatment for patients
and remained marginally lower for up to 2.7 years. with AD and obstructive sleep apnea may slow cognitive
Nondepressed MCI patients who received donepezil decline and produce lasting improvements in sleep and
initially exhibited a slower rate of progression comparadod. Larger randomized controlled trials are needed to
to the vitamin E and placebo groups, but by 2 years test these findings. (See Al8@oid and Sleep, page 13
there was no difference between the groups. These
findings demonstrate that donepezil can reduce the Gingko not effective in reducing
increased risk of progression to AD in MCI patients risk of AD or cognitive decline
with depressive symptoms (Lu PH et al., 2009). Gingko biloba is a widely marketed supplement used by
people hoping to impve their cognitive health. The larg-
Treatment of sleep apnea may slow cognitive decline  est double-blind, randomized controlled trial to date, the
Obstructive sleep apnea is common among people wi@inkgo Evaluation of Memory (GEM) study, included
AD. The condition reducésain oxygen levels and 3,069 community-dwelling older adults aged 72 to 96
disrupts normal sleep patterns and thus may exacerbagtars who had either normal cognition or MCI. The study,
cognitive and behavioral problems in people with AD. funded by NCCAM, NIA, and NHLBI, was conducted
Researchers at the University of California, San Diegdn six academic medical centers in the United States
supported by NIA and NCRR, evaluated the long-ternmbetween 2000 and 2008. The primary analysis demon-
effects of continuous positive airway pressure (CPAP)strated that gingko was not effective in reducing risk of
treatment in a small sample of 10 people who had pamitirer AD or dementia overall. To learn if ginkgo has more
pated in a larger 6-week randomized controlled trial ofsubtle effects on cognitive health, GEM investigators ana-
CPAP in AD patients with obstructive sleep apnea. Fivgzed additional data from this trial. They found no signif-
of the participants had continued CPAP use for a littleicant effect on cognitive decline or on more specific
more than a year after the larger trial ended, and the otieasures of memory, attention, visuospatial skill, language,
five had not. Those who continued CPAP use showeddiedsxecutive functioning (Snitz et al., 2009
cognitive decline and daytime sleepiness, greater stabiliza-
tion of depressive symptoms, and better sleep quality than
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There has been increasing interest in combination ther-

Recently Completed Trials apy for AD—simultaneous administration of two or
more drugs or behavioral interventions. Investigators at
the University of Pittsburgh Alzheimer's Disease
Research Center looked at the effects of combined treat-
ment with drugs from each of the two major classes cur-
rently approved to treat AD, cholinesterase inhibitors
and an NMDA receptor blocker (memantine). They
studied data from 943 probable AD patients at the
Center from April 1983 to December 2004 who had
been treated with a cholinesterase inhibitor alone, a cho-
linesterase inhibitor plus memantine, or no medication.
The researchers found that those treated with two drugs
delayed admission to a nursing home significantly longer
than those who took just one drug (Lopez et al., 2009).
Cholinesterase inhibitors may ameliorate some types
of behavioral symptoms in Atients, but what hap-
pens when those drugs are stopped? Researchers at
Brown University in Providence, RI, found that discon-
tinuation of cholinesterase medications in nursing home
residents with dementia who had been treated for 3 to 9
months was associated with some worsening behavioral
changes and less time engaged in leisure-related activities
compared to residents who received longer-term treat-
ment (greater than 9 months) (Daiello et al., 2009).

Alzheimers Disease Cooperative Study
The ADCS, a large clinical trials consortium with sites
throughout the Unite&tates and Canada, is a major ini-
tiative for AD clinical trials in the Federal Government. It
addresses treatments for cognitive and behavioral symp-
toms (seedditional information on page 53 TheADCS
mission is to advance research in the development of clin-
ical trial designs, instrumerasd interventions that
might be useful for treating patients with AD, particularly
interventions that might not be developed by industry.
The most recent round of new ADCS studies,
funded in October 200@xplore a variety of approaches:

B Docosahexaenoic acid (DHA). This completed trial
examined whether treatment with DHA, an omega-3 fatty
acid found in fish, would slow cognitive decline in people
with AD. Observational studies associate high fish con-
sumption with reduced risk of AD in people, and studies
in mouse models of AD show that dietary DHA reduces
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brain levels of beta-amyloid, oxidative damage associatés, twoare NIA-funded cognitive/AD measure add-ons
with beta-amyloid, and neurotoxicity. The manuscript ofo large NIH primaryrevention trials that address a vari-
the results has been accepted for publication/othi# ety of other primary outcomes. One such trial is NHLBI's
of the American Medical Association (JAMA). Systolic Blood Pressure Intervention Trial (SPRINT),

B [ntravenous immunoglobulin (IVIg). Vg, a blood which will evaluate the health effects of lowering systolic

product that is administered intravenously, contains natBI-OOOI pressure from 140 mmHg to 120 mmHg. The

rally occurring antibodies against beta-amyloid. Prelimi add-on study, SPRINT-MIND, funded by NIA and

r : . :
studies have shown that IVlg may improve cognition, a@MDS, will assess the effect of lowering systolic blood

. r re on nitiv line an velopment of MCI
research has demonstrated that 1VIg increases levels of A e on cog tive decline and development of MC

beta-amyloid antibodies in plasma and promotes clearz%anncdeAD' The study will also use brain imaging to measure

of beta-amyloid from CSF: This ongoing Phase ll, doule o™ effects on brain structure, including white mat-

blind randomized controlled trial will demonstrate WhethSF lesions typical of vascular disease.
IVIg is effective in treating AD.

A number of the prevention trials are focusing on
lifestyle interventions, includiegercise, cognitive
B Home-based assessment. This ongoingstudy, con- training, and a combination of the two. Other preven-
ducted in people aged 75 and older, will examine the tion trials examine how treatments for diabetes might
development and use of three types of home-based ass@sse risk of AD. Diabetes is associated with the devel-
ments: 1) a low-technology telephone assessment, 2)@ment of AD, and insulin regulation has been shown
high-technology automated telephone assessment, arid Be disrupted in AD. Two trials are examining the
a high-technology computer assessment. Cognition, daifgct of the diabetes medications metformin and piogli-
functioning, mood, and other factors will be evaluatedtewone on cognition and progression to AD in MCI
each of the methods. These innovative assessment asdbjects who are also obese. The trial using pioglitazone
data collection tools will be compared to traditional compares the effects of the medication and exercise
in-person measures. The findings from this study will (endurance training) as well as a placebo.
provide information on how home-based assessments  Another recently completed diabetes-related trial
might be used in prevention trials. Such methods coul(BNIFA--120) examined the effects of intranasal insulin in
significantly reduce the cost and increase the feasibilitgenfple with MCI or early AD. The idea is that restoring
participation in long-term clinical trials. normal insulin function in the brain may provide cogni-

B Resveratrol. This Phase II, double-blind randomized“ve benefit and slow disease progression. Administering

controlled trial, scheduled to begin in 2011, will eval-mSL.JIIn thro.ugh j[he nose does not result in mcreased_
: . peripheral insulin levels, and the drug enters the brain
uate the impact of resveratrol treatment on AD bio-

- : : , .. within 15 minutes. Data analysis is ongoing for this trial.
markers and clinical outcomes in patients with mild to . :
Table 2 summarizes treatment trials to delay the

moder_ate AD. Resveratrol, a compound f(_)und ngra reosgression of ABnd to treat the behavioral distur-

and wine, has been shown in animal studies to be ngu- : : .

roprotective, and observational studies have shown %nces typical of the disease. It also summarizes several
' . o : : rlatls that are testing biomarkers and performing feasi-

moderate consumption of red wine is associated Wlﬂ“bﬁ)i

lower incidence of AD. ty studies. Taken together, the trials test a wide range

of potential therapies. Several are due to be completed
in the next 2 years; other longer trials will not finish

data collection until 2014 or later. It is important to

note that the year the trial is completed does not include
the additional time necessary for analysis of data and
publication of findings.

NIH currently supports 37 active clinical trials,
including pilot and large-sctilals,of a wide range of
interventions to prevent, slow, or treat AD and/or MCI
(se€lable 1 and Table 2). In particular, the NIA is cur-
rently funding seveasrimary prevention and six second-
ary prevention trials (Table 1). Of the primary prevention
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TABLE 1. Ongoing AD/MCI Prevention Clinical Trials Funded by NIA

Principal Anticipated
Investigator/ Type Completion
Trial Name Institution Intervention Population of Trial Date
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Principal Anticipated
Investigator/ Type Completion
Trial Name Institution Intervention Population of Trial Date
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Research Advances

TABLE 2. Ongoing AD/MCI Treatment, Biomarker, and Feasibility
Clinical Trials Funded by NIA

Anticipated
Principal Investigator/ Completion
Trial Name Institution Intervention Population Date
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Anticipated
Principal Investigator/ Completion
Trial Name Institution Intervention Population Date

Note: For information on new and currently recruiting trials, aisiti nia. nib.gov/Alzheimers/Researchinformation/ClinicalTrials
or www. ClinicalTrials.gov.
*Alzheimer's Disease Cooperative Study trial
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Clinical Trials to Maintain or Improve
Cognitive Function with Age Thereis widespreagopularbeliefthat mentalfitness
As the population ages, there is growing interest not canbeincreasewith consistenbrainexercisée.g.,
only in preventing AD but in maintaining general goodrossword puzzles, Web-based games). To date, clinical
cognitive function and health throughout life. Althougtrials have yielded little clear evidence to support this
modest in comparison with AD, cognitive decline assmetion. This year, however, two clinical trials reported
ciated with normal aging significantly compromises that different cognitive training protocols improved
guality of life and independent living. Terms like “use égertainaspectsf cognitivefunctionin olderadults.
or lose it” refer to mental fitness and perhaps how exEne Improvement in Memory with Plasticity-based
cise or diet might keep cognitive decline at bay. NIA &daptive Cognitive Training (IMPACT) study tested a
testing a number of interventions to see if they mightcomputer-basetdaininginterventiondesignedo
directly benefit cognitive health. As these tests moveifoprovespeedndaccuracyf auditoryinformation
ward, NIH encourages the adoption of healthy lifestyfgocessing arandomizedrial with 487 cognitively
practices, as some, like exercise and social engagemenmalolderadultsage65 andolderin SanFrancisco
are known to reduce risk of other diseases or are othamd Los Angeles, CA, and Rochester, MN.
wise important as people age. Investigators found that training on one particular

set of auditory tasks can improve a person’s performance
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on other auditory tasks and that participants who  correlated with increased activity in prefrontal cortex rel-
received training later showed improved performancetive to controls (Carlson et 2D09). The results indi
not only the specific exercises they had been trainedcate that an intervention designed to promote better
with, but other auditory memory and attention exercisegnitve function through everyday activity may
as well. (Smith et al., 2009) enhance plasticity in relevant brain regions. Larger stud-
In another study of 66 cognitively normal adults ies will be necessary to validate these findings.
ages 65 to 75 atakke Forest University in Winston-
Salem, NC, supported by NIA, NINDS, and NCRR, Additional advance in remediating age-related cognitive
researchers observed significant benefits of an intervepairment:
tion aimed at improving the brain's ability to focus on, Hertzog et al. (2009) Enrichment effects on adult cognitive
one set of visual or auditory signals while resisting digevelopment: can the functional capatitider adults be
traction by irrelevant ones (Mozolic et al., 2009). Theseeserved and enhanced?
trials showed training effects on highly related tasks, iout=——
leave the question unan®aleas to what sort of brain
exercise, or combination of exercises, could improve
cognitive performance more broadly.
The Experience Corps study from Johns Hopkins

NIA currently supports 27 active clinical trials, includ-

_ = _ ing pilot and large-scale trials as well as treatment stud-
University in Baltima, MD, supports the concept that ;o 14 petter understand the mechanisms related to

activities aimed at enriching life experience can lead Ebgnitive decline and to better target interventions (see

positive changes in specific brain circuits in older peoplg,. 3y Approaches include cognitive training, exercise,
Employing an “immersion” intervention that combined

_ _ . R nutritional supplementation, hormone therapy, combi-
physical, social, and cognitive activity simultaneously p, 5yjon g0 these, and pharmacological intervention. In

thr.ough partlmpatlon Ina volunteer program for YOUNQqdition, interventions to control hypertension and to
chlldrc_en n Baltl_more_ City public schools, the resegrci}g@”ate kidney dialysis to improve cognitive function
examined cognitive improvements and brain function Re underway. Even though the range of interventions is

eight older female study participants who were alreaq)éima, the trials share the common focus of trying to
the study compared to nine matched controls who WEIE  adiate age-related cognitive decline.

on the wait list to participate. The study revealed improved
executive function—the ability to exercise control over
cognitive function, such as switching quickly and accu-
rately from task to task or carrying out a sequence of
tasks appropriately—in the study participants that was
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TABLE 3. Ongoing Age-Related Cognitive Decline
Clinical Trials Funded by NIA

Anticipated
Principal Investigator/ Completion
Trial Name Institution Intervention Population Date
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Anticipated
Principal Investigator/ Completion
Trial Name Institution Intervention Population Date
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Anticipated
Principal Investigator/ Completion
Trial Name Institution Intervention Population Date

Note: For information on new and currently recruiting trials, ¥isiii nia. nib.gov/Alzheimers/ResearchInformation/Clinical Trials
or www. ClinicalTrials.gov.
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Supporting Occupational therapy

AD Caregivers Participation in meaningful activity is known to pro-
Ipote well-being in older adults, and its potential to
reduce symptoms of dementia is now receiving more

energy spent on caretaking, worry about the mental HS”“%“- Tze Talloretq Aclt';/r:ty Progrlam t(r-]r AEP) IS a th
physical decline of a loved one, and frustration in try %me- ased occupational therapy plan that assesses the
to communicate with and help them. While caregivin erests and capabilities of individuals with dementia,
can be rewarding, it can also be incredibly stressful §V |_des aprogram of cu.stoml.z_ed activities for eac'h_
contribute to physical and emotional health problems'n ividual, and trains their families to use those activi-

for the caregiver. Understanding caregivers’ needs afig§s as part of their daly care routines. A preliminary

health risks and supporting them are critical for redué—tUOIy of 57 people with dementia and their caregivers,

: : ducted by researchers at Thomas Jefferson University
ing the personal and public health burden of AD. conat .
Starting in 1995, NIA and NINR funded two clini in Philadelphia, PA, and funded by NIMH, found that

cal trials, REACH | and REACH II, to develop and teépe TAP program improved ovc_era!l !evels of pleasure and
strategies for helping dementia caregivers manage th ﬂgagement in the demented individuals, as assessed by

stress and emotional burden. The interventions includgg'" caregivers. It also reduced_ the extent to which care-
givers were upset by the behavioral symptoms of the

education on dementia, training in specific caregiving; dividuals th ing f di d thei
skills, and encouragement and techniques for physicérll Viduais they were caring Tor, and improved their
and emotional self-care. The REACH findings are no ense_of skill and perso_ngl control in dealing with
beingput into practicghroughtwo Federaagencieshe ehavioral problems (Gitlin et al., 2009).
Veterans Administration (VA) and the Administration on ) )
Aging (AoA). Additional advances in support for caregivers:

The VA successfully used REACH strategies in a* Hilgeman et al. (2009) Testing a theoretical model of the stress
rocess in Alzheimer’s caregivers with race as a moderator.

demonstration project with 19 of its home health car% TV
. . o ty of Alabama, Tuscal .S ted by NIA and NINR.
services and is now considering the use of REACH niversily of Alabama, Tuscaloosa. Stipportec by an

throughout the VA system. AocA's REACH OUT » Mitchell et al. (2009) The clinical course of advanced demen-
Program is beginning to implement these strategies tia. Hebrew SeniorLife Institute for Aging Research, Boston.
through local social service agencies. Researchers SuPPOrted by NIA.

reported on one of the AoA-funded efforts, a partner= Norton et al. (2009) Caregiver-recipient closeness and symp-
ship between the Alabama Department of Senior tom progression in Alzheimer disease. Utah State University.
Services and the University of Alabama. An analysis gfPPorted by NIA.

236 caregivers showed significant improvement in car@karupski et al. (2009) Race differences in emotional adapta-
givers’ sense of burden, social support, depression, &nd of family caregivers. Rush University. Supported by NIA.

health, as well as care recipient behavior problems a.ngitaliano et al. (2009) Depressed mood mediates decline in

mood (Burgio et al., 2009). cognitive processing speed in caregivers. University of
Efforts are underway to develop tests to gauge th&ashington. Supported by NIDDK, NCRR, and NIMH.

emotional well-being of caregivers and identify areaSs--— ———
where they may need support. One of these, the Risk
Appraisal Measure (RAM), was tested on participants in
the REACH Il trial. The test probes six areas in which
caregivers are at risk: depression, burden, self-care,
health behavior, physical safety, and problem behaviors
in the care recipients. RAM shows promise as a test to
identify caregivers who might benefit from assistance in
specific areas, for use in future research on supportive
measures, and as a guide for clinicians and community
health agencies (Czaja et al., 2009).

Family members often bear much of the burden of ¢
ing for people with AD. This includes the time and
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Advancing the Future of AD Research:

standing of AD pathology and using new insightgents; and by partnering with other NIH Institutes and
to develop therapies more likely to be succedsfderal agencies, not-for-profit groups, and industry.

in clinical trials. The outpouring of AD-related applica- Collaboration has been key for NIA's coordinating
tions in response to the 2009 American Recovery anghechanisms and initiatives. By pooling and sharing data
Reinvestment Act (ARRA) initiative, many of which widely, and efficiently using the well-established AD
were successful in review, demonstrated the vitality aésearch infrastructure, NIA is advancing AD science
new ideas in the scientific community. Several of thesgen within the limits of existing resources.
ideas, now supported by ARRA and non-ARRA funds,
resulted in large collaborative projects designed to
address the multifaceted nature of aging and AD  Research Infrastructure
research. However, the profusion of good ideas comNIA Intramural Research Program (IRP). In addition
bined with investment in more expensive collaborativie funding a broad portfolio of aging-related and AD
grants has its downside, and that is that the overall ssearch at institutions across the country, NIA supports
cess rate for grants is very low and may be difficult tifs own laboratory and clinical research program based
improve in the current economic climate. in Baltimore, MD. The NIA IRP focuses on under-

As planners and stewards of Federally funded scstanding age-related changes in physiology and behavior,
ence, NIA must both develop and sustain the researthe ability to adapt to biological and environmental
infrastructure necessary for productive research andsitesses, and developing insight about the pathophysiol-
the same time phase out approaches that may have agy-of age-related diseases, including AD. Laboratory
lived their usefulness. In this endeavor, it is critical toresearch ranges from basic science, such as neurogenetic
maintain and encourage lines of research that hold and cellular and molecular neurosciences, to personality
promise for new therapies while reducing investmentaind cognition. The IRP also leads the Baltimore
research less crucial to the mission. The Institute kedngitudinal Study of Aging, America’s longest-running
current and looks to the future in several ways—Dby cagientific study of human aging, begun in 1958, along
vening and collaborating in forward-looking workshopgth other clinical research studies.
in these new areas; by working within NIA to vigorously

Alzheimer s Disease Centers. NIA'S Alzheimer’s Disease
Centers (ADCs) form the backbone of the national AD
research effort. These multidisciplinary centers, located

leheimer’s researchers are gaining better under-discuss new science and opportunities for new invest-
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at 30 institutions nationwide, promote research, training
and education, and technology transfer. With participa-
tion by the community, the Centers conduct longitudi-
nal multicenter and collaborative studies of AD
diagnosis and treatment, age-related neurodegenerative
diseases, and predictors of future change in people witn-
out dementia that may indicate the initial stages of
development of AD. Complementary studies, such as
imaging studies and autopsy evaluations, also are con-
ducted at ADCs. All people enrolled in the Centers
receive a standard annual evaluation. Data from those
evaluations are collected and stored by the National
Alzheimer’s Coordinating Center (NACC, see below) as
the Uniform Data Set. determined not to have dementia before death, some

The ADCs serve as sites for other major studiesdid have mild cognitive impairment. The researchers
such as the ADCS and ADNI (see descriptions belovgncluded that it is likely that neuropathological pro-
Recently, DNA from 10,000 individuals enrolled in cesses related to AD in persons without dementia are
the ADCs was collected for use by the Alzheimer’s associated with this mild cognitive decline. By age 80-85
Disease Genetics Consortium (ADGC) for whole  years, many nondemented older adults had substantial
genome analysis. AD pathology. (Price et al., 2009)

The NACC data are helping to reveal different

National Alzheimers Coordinating Center (NACC). symptom patterns in diféart subsets of AD patients—
NIA established NACC in 1999 with the goal of pool-patterns that would not have become apparent without
ing and sharing daten participants in ADC studies. analyzing a dataset of this size. NACC has also been
The longitudinal clinical data from living subjects andnvolved in coordinating other NIA efforts, such as the
the brain material and pathological data collected at identification and selection of appropriate postmortem
autopsy give scientists opportunities to conduct clinigakterial from the individual ADCs to send to the
pathological studies with much larger patient sampleblational Cell Repository for Alzheimer’s Disease for use
collected from multiple centers than they could workimgthe ADGC GWAS studies.
independently. NACC helps coordinate these studies
and, in some cases, provides limited funding. Alzheimer s Disease Cooperative Study (ADCS). NIA

By 2009, NACC had collected information on motaunched thé&DCS in 1991 to develop and test new
than 90,000 ADC studparticipants and neuropatho- interventions and treatments for AD that might not
logic data on more than 10,000 brains from autopsiedtherwise be developed by industry. Operated under a
participants. Much of these data and autopsy materiasoperative agreement with the University of
are available to qualified AD researchers worldwide. California, San Diego, the large clinical trials consor-
Since 2000, there have been over 60 publications bytium, a significant component of NIA's AD Prevention
external researchers using NACC data, 51 publicatiolmstiative, comprises more than 75 sites throughout the
by NACC personnel, and 95 publications from NACQOJnited States and Canada. The ADCS focuses on test-
funded collaborative ADC projects. ing agents that lack patent protection, patented drugs

One such study quantitatively assessed pathological
plagues and neurofibrijaiangles at autopsy in 97 non-
demented participants age 60 years or older (average age
84 years) who had been enrolled in one of seven differ-
ent ADCs. While all of the research subjects had been
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that are marketed for other indications, and novel cadistribute the results of large-scale GWAS analyses.
pounds developed by individuals, academic institutioftg;ough dbGaRlata sets from multiple GWAS done
and small biotech companies. It also develops new evathfferent platforms can be merged, and data from
uation instruments for clinical trials and innovative thousands of study participants can be analyzed
approaches to clinical trial design. The group also ptogether, increasing the probability of gene discovery.
vides infrastructure support to other Federally funded

clinical efforts, including ADNI and the Dominantly =

Inherited Alzheimer Network (DIAN, a study of famjl/nitiatives

ial AD). (Seellzheimers Disease Cooperative Study, Alzheimers Disease Neuroimaging Initiative (ADNI).
page 40, for a summary of current trials and studiesIn 2004, NIA launched this groundbreaking initiative,
conducted by the ADCS.) the largest public-privgiartnership to date in AD

research. The goal was to find neuroimaging and other
The National Cell Repository for Alzheimers Disease  biological markers that could be used to detect AD
(NCRAD). This NIA-funded repositgrlocated at progression and measure the effectiveness of potential
Indiana University Medical Center in Indianapolis, préherapies. The study recruited 800 participants, a mix of
vides resources that help researchers identify the genegnitively healthy people and those with AD or MCI.
that contribute to AD and other types of dementia. To speed the pace of analysis and findings, ADNI investi-
NCRAD collects and maintains biological specimensgators agreed to make their collected data widely avail-
and associated data on almost 43,000 people from aable. MRI and PET scan brain images as well as clinical,
variety of sources, including genetically informative, genetic, and fluid biomarker data are available to qualified
phenotypically well-characterized families with multiptesearchers worldwide through a Web-based database.
individuals affected by AD, as well as people enrolled inThe first phase of ADNI has already borne remark-
ADNI, ADGC, and the Ginkgo Evaluation of Memoryablefruit: more than 170 papers using ADNI data have
Study. Qualified research scientists may apply to ~ been published from investigators around the world, and
NCRAD for samples and data to conduct genetic  many more will come as further data are collected and
research. Since it was funded, more than 52,000 DN&nalyzed. These early findings have generated excitement
samples have been requested and sent to investigatak®ut using brain and fluid markers to identify people

across the U.S., resulting in 204 publications. who may be at risk for developing AD or for cataloguing
their pace of deterioration. Accomplishments include

NIA Genetics of Alzheimers Disease Data Storage new findings about how changes in the structure of the

Site (NIAGADS). Locatedat the University of hippocampus may help detect disease progression and

Pennsylvania, NIAGADS is a Web-based data wareheffigetiveness of potential treatments, and the establish-
for AD genetic data. All genetic data derived from Niment of biomarker and imaging measures that predict
funded studies on the genetics of late-onset AD are risk for cognitive decline and conversion to dementia in
deposited at NIAGADS, another NIA-approved site, dhis clinical cohort. (S@markers and ADNI, page 33,

both. Data from GWAS that are stored at NIAGADS for descriptions of several published studies.) The success
are also made available through the database of  of ADNI has inspired similar efforts in Europe, Japan,
Genotype and Phenotype (dbGaP) at the National and Australia. A follow-on effort, ADNI-GO, was

Library of Medicine’s National Center for Biotechnologunched with ARRA funds in 2009, and ADNI 2 was
Information, which was developed to archive and  launched in fall 2010. ADNI 2 will enroll a new cohort
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Revising AD Diagnostic Criteria. NIA and the
Alzheimes Association organized two meetings in
spring 2009 to discuss new data and technologies for
improving the clinical diagnosis of AD and a research
agenda for diagnosis at earlier stages of the disease. The
current system of AD classification has deficiencies that
limit its utility for drug development, research, and
practice. Existing standards for diagnosis of the demen-
tia stage of AD, the NINCDS-ADRDA clinical criteria,
are more than 25 years old and do not address very early
and presymptomatic AD. They were developed without
the knowledge available from more recent studies on the
epidemiology of AD, clinical-pathologic correlations,
and diagnostic imaging and fluid biomarkers.

Following discussion at the meetings, three working
of participants with very early MCI and continue to folgroups wer set up, one to revise the NINCDS-
low participants in the other ADNI cohorts, with the ADRDA criteria for Alzheimer’s dementia; a second to
goal of identifying and tracking early changes in the better define the stage(s) between normal and
brain before the onset of AD symptoms. Alzheimer's dementia, often termed MCI; and a third

to examine factors in older individuals with no symp-

Alzheimers Disease Genetics Initiative (ADGI) and toms or very minor symptoms that may predict MCI
Alzheimer s Disease Genetics Consortium (ADGC). and Alzheimer's dementia.
The study of AD genetics is complicated by the likeli- The overall goals of this project are to better define
hood that the riskf late-onset AD is influenced by  the natural historgf AD, from its asymptomatic stages
many genes, each of which confers a relatively smaltaisknically diagnosed dementia, and to attempt to
Identifying these genes requires analyzing the genomelaite clinical symptoms as they emerge to underlying
of large numbers of people. ADGI was launched in pathophysiology. An overarching goal is to stimulate
2003 to identify at least 1,000 families containing bottesearch on how imaging and fluid biomarkers can con-
members who have late-onset AD and members wharitboite to the identification of people at risk for cogni-
not. The ADGC was funded in 2009 to support the usee dysfunction and to better diagnose them after
of large-scale, high-throughput genetics technologiesipnptoms appear.
researchers studying late-onset AD. The groups presented their preliminary proposals at

The ADGC confirmed the likely role of three newlhe International Confence on Alzheimer's Disease
discoveredenes in contributing to the risk of LOAD (ICAD) in July 2010. The three committees are review-
(se€Discovering New Genetic Mechanisms, page 21) and ing public comments and will publish proposed guide-
is nav working to confirm additional genes in collabolaies in a scientific journal in 2011. The guidelines,
tion with reseah groups in Europe. In addition to proprimarily for use in research studies, will likely be revis-
viding additional insight into AD pathogenesis and ited and revised periodically as new data emerge from
suggesting therapeutic targets, these new gene discawaging and biomarker research studies.
ies may also one day help predict who is at risk for AD.
AD Translational Initiative. Launched in 2004, the
AD Translational Initiative supports early drug discovery
and drug development research by academic scientists
and small biotechnology companies, with the goal of
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finding ways to treat and prevent AD, MCI, and age-logical decline. A second Summit, held in October
related cognitive decline. This effort is broadening th€010, shared pgress from funded studies and identi-
range of potential treatments and therapeutic targetsfiegl future research directions.

supporting critical steps of translational research that are

traditionally not supported by the pharmaceutical indd&H Toolbox for Assessment of Neurological and

try. In 2009, the NIA committed $5 million to continuéBehavioral Function. Awarded in 2006, this contract is
two funding initiatives for early drug discovery and pr&4pported by the NIH Blueprint for Neuroscience

clinical drug development through 2012. (aee Research and the NIH Opportunity Network for Basic

about translational research, page 35.) Behavioral and Social Science Research. The goal is to
develop a set of brief tests to assess cognitive, sensory,

AD Pilot Clinical Trials Initiative. Thisinitiative, motor, and emotional function, particularly in studies

begun in 1999, is aimed at increasing the number an@ith many people (such as epidemiological studies and
quality of preliminary clinical evaluation of interventiomdinical trials). The tests will be available in English and
for AD, MCI, and age-associated cognitive decline. Tigpanish and applicable for use in individuals age 3 to
goal is not to duplicate or compete with pharmaceuticd®, enabling direct comparison of cognitive and other
companies but to encourage, complement, and accelabdliges at different ages across the lifespan.
the process of testing new, innovative, and effective treat-
ments. Initially focused on drug interventions, the proNIH Blueprint for Neuroscience Research Initiative
gram has been broadened to nonpharmacologic as wall é¢ Human Connectome Project. The Human
pharmacologic interventions. NCCAM and NINR alsoConnectome Project was started in 2010 to develop and
participate in this initiative. (SéB Clinical Trials, share knowledge about the structural and functional
page 38for summaries of pilot clinical trials.) connectivity of the healthy human brain. This collabora-
tive effort will use state-of-the-art imaging instruments,
Research Partnership on Cognitive Aging. Through analysis tools, and informatics technologies to map the
the Foundatiorior NIH, NIA and the McKnight Brain neural pathways underlying human brain function. The
Research Foundation convened a Cognitive Aging project will map the connectomes in 1,200 healthy
Summit in 2007 focused on healthy brain aging and adults—twin pairs and their siblings—and will study
function. This summit helped galvanize the field and anatomical and functional connections between regions
served as a catalyst for two subsequent research initdi-the brain, which will be related to behavioral test
tives. The first, “Remediation of Age-Related Cognitieiata. The goal is to reveal the contributions of genes and
Decline,” is funding research on pilot interventions toenvironment in shaping brain circuitry and the variabil-
reverse age-related decline or maintain successful futycin such connectivity. The human connectome map of
tion. The second, “Neural and Behavioral Profiles of the healthy adult brain will serve as a foundation to fur-
Cognitive Aging,” is funding studies to understand ther understand how brain networks change with age
neural and behavioral mechanisms involved the mairsted neurological diseases like Alzheimer’s.
nance of cognitive health and to identify characteristics
that distinguish normal age-related change from patho-
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