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Biomedical Advances in Alzheimer’s Disease

Summary

Alzheimer’ sDisease (AD) isaseverely debilitating neurodegenerative condition
that currently affectsan estimated 4.5 million Americans, withafeasiblerangeof 1.1
to 4.8 million. Asthe American population ages, the number of peoplewith AD is
expected to increase dramatical ly to approximately 13.2 million affected individuals
by 2050 (range: 8.0-16.0 million). Medicare costs to treat a person with AD are
almost threetimesgreater than theaveragefor other beneficiaries, and are anticipated
to reach $49.3 billion by 2010. Similarly, costs to the Medicaid program could
increasefrom $18.2 billion in 2000 to $33 billion annually inlessthan 10 years. The
recent death of former President Ronald Reagan highlighted not only the challenges
of providing health services to an AD patient, but also the devastating impact the
disease has on family caregivers.

Since the late 1980s, the dramatic increase in funding for AD research has
rapidly expanded our understanding of thedisease. However, unlike other important
chronic diseaseswe do not yet have any proven preventive interventionsor effective
treatments for curing AD. In 1999, at the instruction of Congress, NIH established
the AD Prevention Initiative to accelerate basic research and the translation of
research findings into clinical practice.

Funding for AD research has been appropriated for many different activities:
basicresearch, clinical research, health servicesresearch, and education and training.
In addition to budgets that may include funding opportunities for AD research or
services, the Consolidated AppropriationsAct, FY 2005 (P.L. 108-447), appropriated
the following amounts to various agencies and projects supporting AD research
(subject to the 0.8% rescission adjustment):

e $1.06 billion to the National Ingtitute on Aging (NIA) for
aging-related research (NIA spent about $680 million in AD
research in 2004);

e $11.8 million to the Administration on Aging (AOA) for AD
demonstration programs, $3.0 million for social research into AD
care options, best practices and other Alzheimer's research
priorities;

e $1.6 million to the Centers for Disease Control and Prevention
(CDC) specifically for AD activities.

Consistent with activity in the 108" Congress, early in the 109" a bill was
introduced to increase funding for AD research, and to authorize an education and
outreach program (H.R. 192, the La Cura Act of 2005).

This report provides an overview of the public health and financial impact of
AD, summarizes federal funding for AD research and clinical trials, and discusses
our current understanding of AD and promising avenues of AD research. Issues
relating to social servicesfor AD patients and support for caregivers are covered in
acompanion report. This report will not be updated.
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Biomedical Advances in
Alzheimer’s Disease

Introduction

Alzheimer’ sDisease (AD) isaseverely debilitating neurodegenerative condition
that is currently estimated to affect 4.5 million Americans, though the actual range
may be 1.1 to 4.8 million. As the baby boomer population ages, the number of
people with AD is expected to increase dramatically to approximately 13.2 million
(feasiblerange: 8-16 million) affected individuals by the year 2050. Medicare costs
to treat a person with AD are almost three times greater than the average for other
beneficiaries, and are anticipated to reach $49.3 billion by 2010.* Similarly, coststo
the Medicaid program could increase from $18.2 billion in 2000 to $33 billion
annually inlessthan 10 years. The recent death of former President Ronald Reagan
highlighted not only the challenges of providing health servicesto an AD patient, but
also the devastating impact the disease has on family caregivers. The enormous
impact will grow as the U.S. population ages.

Since the late 1980s, the dramatic increase in funding for AD research has
rapidly expanded our understanding of the disease. However, unlike other important
chronic diseaseswe do not yet have any proven preventive interventionsor effective
treatments for curing AD. In 1999, at the instruction of Congress, the National
Institutesof Health (N1H) established the AD Prevention Initiativeto accel eratebasic
research and the translation of research findings into clinical practice.

The 2005 Omnibus Appropriations Act (P.L. 108-447) appropriated for the
following agencies specific amounts for AD research:?

e The National Institute on Aging (NIA). Congress appropriated
$1.06 billion to the NIA for aging-related research; alarge fraction
of thistotal will be devoted to AD research.® The conferees further
recommended that NIA expand its collaboration with the National
Institute of Mental Health (NIMH) aswell asthe National Institute

! The Lewin Group, “Medicare and Medicaid Costs for People with Alzheimer’ s Disease,”
(Washington, DC: Apr. 2001), as cited in Alzheimer’s Assaciation, Alzheimer’s Disease:
Satistics, 2001. Medicare' s spending does not include nonmedical long-term care supports
provided in the community or in nursing homes.

2 Subject to the 0.8% recession adjustment. Note that these figures are specifically for AD
research; appropriations for AD socia services are excluded.

% In FY 2004, NIH reported spending approximately $633 million on AD research, $496
million of whichwasfromtheNIA.” (Source: CRS persona communicationwithNIA, July
12, 2005).



CRS-2

for Nursing Research (NINR) on AD to include research related to
identifying effective trestments for elderly persons who suffer from
depression.

e The Administration on Aging (AOA). In 1998, Congress
authorized the Alzheimer’ s Disease Demonstration Grantsto States
programs. This program is administered by the AOA, within the
U.S. Department of Health and Human Services (HHS). The
program’s mission is to expand the availability of diagnostic and
support services for persons with AD, their families, and their
caregivers, aswell astoimprovetheresponsiveness of thehomeand
community based care system to persons with dementia. The
program focuses on serving hard-to-reach and underserved people
with Alzheimer’s Disease or related disorders (ADRDS).

In FY 2005, Congress appropriated for AOA $12 million specifically for
AD demonstration programs. In addition, $3 million was given for social
research into AD care options, best practices and other Alzheimer’'s
research priorities that include research into cause, cure and care, as well
as respite care, assisted living, and the impact of intervention by social
Service agencies on victims.

e TheCenter for Disease Control and Prevention (CDC). Out of
CDC's total appropriation of $1.4 billion for health promotion
programs, Congress appropriated approximately $1.6 million
specifically for AD activities.

Early in the 109" Congress, a bill was introduced to increase funding for AD
research, and to authorize an education and outreach program to promote public
awareness and risk reduction, with particular emphasis on education and outreachin
the Hispanic population (H.R. 192, the La Cura Act of 2005). This bill would
significantly increase the NIA budget for AD research to $1.4 hillion and would
authorize $25 million for demonstration programs.

In the 108™ Congress, two hearings on AD focused on defining the short-and
long-term biomedical and social implications of the disease and the need for
additional research.* Several billswereintroduced that woul d haveincreased funding
for research, medical services for patients, or caregiver support.®

*U.S. Congress, Senate Committee on Appropriations, Subcommittee on the Departments
of Labor, Health and Human Services, and Education, and Related Agencies, Alzheimer’s
Disease, Apr. 1, 2003 (SHrg. 108-130), [http://frwebgate.access.gpo.gov/cgi-
bin/getdoc.cgi?dbname=108_senate hearings& docid=f:89018.wais.pdf]. Senate Committee
on Health, Education, Labor and Pensions, Subcommittee on Aging, Breakthroughs in
Alzheimer’'s Research: News You Can Use, May 11, 2004,
[http://help.senate.gov/bills’hih_42_bill.html].

®H.R. 4595 and S. 2533 (the Ronald Reagan Alzheimer’s Breakthrough Act of 2004)that
would have increased NIH funding for AD research to $1.4 billion in 2005. These bills
(continued...)
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This report provides an overview of the public health and financial impact of
AD, summarizes federal funding for basic AD research and clinical trials, and
discusses our current understanding of AD and promising avenues of AD research.
Issues relating to other congressional concerns, such as socia services for AD
patients and support for caregivers, are covered in companion reports.® A glossary
of termsisincluded at the end of this report to assist with terminology.

Demographics
New Cases per Year
Theincidence of Alzheimer’ sisestimated at approximately 380,000 new cases

per year.” In the absence of major medical breakthroughs, experts project that the
incidence will more than double to about 959,000 persons per year by 2050.

Current and Future Prevalence

The most recently published estimates (figures being used by the NIA and the
Alzheimer’ sAssociation) reported that approximately 4.5 million personswereliving
with clinically-diagnosed AD in 2000.° While there has been debate on the exact

> (...continued)

would also have authorized funding for programs supporting family caregivers, lifespan
respite care, education of health professionals, and the safe return program. H.R. 3451 (the
Alzheimer’ s Treatment and Caregiver Support Act) would have authorized the Secretary of
HHSto make grantsavailablefor health care providersto expand treatment servicesfor AD
patients, and provide support services for families and caregivers. S. 2029 would have
allowed atax deduction for home health care and adult day respite care for dependents of
taxpayers that suffer from AD or related disorder.

¢ See CRS Report RL30664, Alzheimer’s Disease and Caregiver Burden, by Beverly
Johnson and Carol O’ Shaughnessy; and CRS Report RL31755, Family Caregiving to the
Elderly by Employed Persons: The Effectson Working Caregivers, Employers, and Federal
Palicy, by Linda Levine.

” Ronald Brookmeyer, S. Gray, and Claudia Kawas estimated 360,000 in 1997 in
“Projections of Alzheimer’s Disease in the United States and the Public Health Impact of
Delaying Disease Onset,” American Journal of Public Health, 88(9), 1998 (hereafter cited
as Brookmeyer and colleagues, 1998). L.E. Hebert, L.A. Beckett, P.A. Scherr, and D.A.
Evansestimated 377,000in1995in“ Annual Incidenceof Alzheimer’ sDiseaseintheUnited
States Projected to the Years 2000 Through 2050,” Alzheimer Disease & Associated
Disorders, 15(4) ( Oct./Nov./Dec., 2001). (Hereafter cited as Hebert, et a., Annual
Incidence of Alzheimer’s Disease in the U.S)

8 Ibid.

9 L.E. Hebert, P.A. Scherr, J.L. Bienias, D.A. Bennett, and D.A. Evans, “Alzheimer’s
Diseaseinthe U.S. Population: Prevalence Estimates using the 2000 Census,” Archives of
Neurology, vol. 60, no. 8 (Aug. 2003). (Hereafter cited as Hebert et a., Prevalence
Estimates.)
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number, experts agree that the range is between 1.1 to 4.8 million.*® The number of
Americans with AD has more than doubled since 1980 and continued rapid growth
is expected over the next decades. Some experts project an almost three-fold
increase, to 13.2 million by 2050™ (feasible range of 8.0 to 16.0 million).

Table 1 highlights the wide variation in estimates and projectionsof AD. The
table presents estimates from four major studies carried out by: (1) the Government
Accountability Office (referredto as GAQO in table; previously known at the General
Accounting Office);* (2) Sloane and colleagues at the University of North Carolina
at Chapel Hill (referred to as Sloane in table);* (3) Evans and colleagues at Rush
University Medical Center (referred to as Evans in table);** and (4) Hebert and
colleagues also at Rush University Medical Center (referred to as Hebert and
colleaguesin table).”® Estimates of the number of moderate or severe cases are dso
provided.*

10°W.B. Grant, “Year 2000 Prevalence of Alzheimer's Disease in the United States,”
Archives of Neurology, vol. 61, May 2004. Grant assertsthat the Hebert, et al., Prevalence
Estimates over-estimate the prevalence of AD. He highlights a few methodological
concerns and notes that research by Brookmeyer and colleagues, 1998, estimated only 2.3
million, with scientific possibility within the range of 1.1 to 4.6 million. In 1998, the
Genera Accounting Office (GAO) judged there to be only 2.1 million cases in 1995, a
figurethat the Director of the NIA characterized as* substantially lower than those used by
NIA and others.” One of the main issues contributing to the uncertainty is the lack of
definitive diagnostictestsor biol ogical markersof AD, though the accuracy of diagnosishas
significantly improved with the development and implementation of diagnostic criteria by
NINCDS-ADRDA. U.S. GAO, Alzheimer Disease: Estimates of Prevalence in the United
Sates, 1998, GAO/HEHS-98-16. (Hereafter cited as GAO, Alzheimer Disease: Estimates
of Prevalence.) Seeaso Richard Mayeax, “ Epidemiology of Neurodegeneration,” Annual
Reviews in Neuroscience, vol. 26, 2003.

1 Hebert, et al., Annual Incidence of Alzheimer’sDiseaseinthe U.S. Estimateis based on
assumption that baby boomers will live longer, placing more persons into the older age
categories where AD rates are highest.

2 GAO, Alzheimer’s Disease: Estimates of Prevalence in the United States.

13 P.D. Sloane, et al. “The Public Health Impact of Alzheimer's Disease, 2000-2005:
Potential Implicationsof Treatment Advances,” Annual Review of Public Health, 2002, vol.
23, pp. 213-231.

1 Denis A. Evans, et al. “The Impact of Alzheimer's Disease in the United States
Population,” in The Oldest Old, ed. Richard M. Suzman, David P. Willis, and Kenneth G.
Manton (New Y ork: Oxford University Press, 1995).

15 Hebert, et a.,Prevalence Estimates.

1 The figures cited in the text as feasible ranges above do not match numbersin Table 1
precisely for two reasons. First, our analysisincluded the dataand research from additional
sources. Second, Table 1 reports only middle-range projections, and there is greater
variability (i.e., awider range) if the low- and high-range assumptions are used.
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Table 1. Four Estimates and Projections of the Prevalence of
Alzheimer’s Disease, by Stage, 2000-2050
(in millions of cases)

Moderate
All cases Or severe cases
Year | GAO |Sloane| Evans | Hebert | GAO |Sloane| Evans | Hebert
2000 2.2 2.2 4.8 45 12 12 21 23
2010 2.7 31 5.6 51 15 20 25 N/A
2020 34 41 74 5.7 19 25 3.2 N/A
2030 4.6 55 9.7 1.7 2.6 34 4.2 N/A
2040 6.3 7.9 115 11.0 3.7 49 53 N/A
2050 8.0 10.2 13.0 13.2 4.7 6.5 6.3 N/A

Sources: CRS compilation based on four research studies.

Notes: Where Hebert et al., Prevalence Estimates, use low-, middlie-, and high-series estimates of
popul ation growth from the 2000 census, only the middle, or most likely, projections are shown here.
Projections differ because of both differences in the size of the estimated baseline populations and
assumptions about relevant future trends.

N/A= estimates by level 9 of severity are not availablein this study.

Age and Alzheimer’s Disease

Therisk of AD variessignificantly by age. The diseaseisrarein personsunder
the age of 65. Its onset increases dramatically in each five-year age category above
age 65. Of the estimated 4.5 million persons with Alzheimer’s,*” only 0.3 million
(7%) were between the ages of 65 and 74 years, 2.4 million (53%) were between the
ages of 75 and 84 years, and 1.8 million (40%) were 85 years of age or older.

Theincidence of AD (new cases) increases dramatically with age— incidence
at age 65, for instance, is more than double that observed at age 60 (Table 2).8

7 Although the absol ute numbers estimated differ across different data sets, the age pattern
isaways one of increasing incidence and prevalencerateswith age. Thefigures presented
are the most recently published, those by Hebert, et al., Annual Incidence of Alzheimer’s
Diseaseinthe U.S. Thesefiguresare at the higher-end of the range of plausible estimates.

18 GAO, 1998, devel oped through integration of prevalence rates from 18 studies.
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Table 2. Alzheimer’s Disease:
Age-Specific Incidence Rates, United States

(in percent)
Incidence (new cases)
Age
Estimate Feasiblerange
60 0.08 0.02-0.24
65 0.17 0.05-0.44
70 0.35 0.13-0.82
75 0.71 0.33-1.53
80 144 0.71-2.86
85 2.92 1.48-5.33
90 5.95 3.06-9.95
95 12.10 6.36-18.57

Source: R. Brookmeyer and colleagues, “ Projectionsof Alzheimer’ sDisease
intheU.S.” American Journal of Public Health, 88(9), Sept. 1998, based on
four U.S. epidemiologic studies: Framingham, East Boston, Rochester, and
Baltimore.

Estimates of AD prevalencea so vary widely, but experts agree that the pattern
isone of sharp increase with age, doubling about every fiveyearsover at least theage
range of 65 to 85 years (not shown in table). Estimates suggest that, in age group
80-84, about 18% of persons have AD, increasing to 53% of persons by age group
95 and above. Moderate or severe AD is seenin 10% of those aged 80-84 and 35%
in age group 95 and above.

Gender and AD

It is often reported that the number of women with AD and the incidence rates
for women exceed those of men. However, some experts attribute thisto the gender
composition of the U.S. population and the longer life expectancy of women, rather
than to sex-specific risk factors for the disease.™

AD and Co-Morbidity

In addition to AD, patients suffer from many of the same chronic conditions as
the non-AD elderly population (see Table 3). Some conditions, such as congestive

1% Liese E. Hebert, Paul Scherr, Judith J. McCann, Laurel A. Beckett, and DenisA. Evans,
“Is the Risk of Developing Alzheimer's Disease Greater for Women than for Men?”
American Journal of Epidemiology 153 (2) (2001), pp. 132-136
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heart failure and cerebrovascular disease are two-three times more common in the
AD patients than the general elderly population. Because Alzheimer’s disease can
complicate co-morbid conditions, the hospital stay for a patient with AD averages
longer and is more costly than that of a patient without Alzheimer’s. For instance,
one study?® found that the average hospital stay wasfour days— and $4,000— more
for apatient with dementiathan anon-demented person of similar age Dementiaal so
complicates preventable medical situations by impairing patients’ abilitiesto follow
medical instructions and manage their own care, and predisposing patientsto atwo-
fold increase in the rates of fractures or other injuries.®

Table 3. Prevalence of Co-Morbid Conditions in AD Patients,
Adjusted for Age and Gender

Prevalence of co-mor bidity
Significantly
Co-morbidity AD patients| Non-AD elderly | different?
Cerebrovascular Disease 34.63 10.24 Yes
Congestive Heart Failure 23.94 14.36 Yes
Chronic Pulmonary Disease 19.77 19.96 No
Diabetes, Uncomplicated 18.89 16.55 Yes
Peripheral Vascular Disease 14.06 8.71 Yes
Malignancy 10.91 10.04 No
Myocardial Infarction 9.66 5.44 Yes
Renal Disease 5.42 3.10 Yes
Diabetes, with Chronic Complications 5.20 381 Yes
Peptic Ulcer Disease 4.69 3.38 Yes

Source: H. Fillit, JW. Hill, and R. Futterman, “Health Care Utilization and Costs of Alzheimer
Disease Stage, and Pharmacotherapy,” Family Medicine, July-Aug. 2002.

2 C. Lyketsos, “ Dementiain Elderly Personsin a General Hospital,” American Journal of
Psychiatry, 175(5), 2000, ascited in the Alzheimer’ s Association, Medicare and Medicaid
Costs for People with Alzheimer’s Disease, Apr. 2001.

2 Note that this study was of persons with dementia, a clinical state characterized by loss
of function in multiple cognitive domains. There are approximately 70-80 types of
dementia, with the most common being Alzheimer’s disease. See American Psychiatric
Association, Diagnostic and Statistical Manual of Mental Disorders, 4" ed. (DSM 1V)
(Washington, D.C.: American Psychiatric Association, 1994).
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AD and Mortality

Fifteen leading causes of death accounted for 83% of all deaths for al agesin
the United States in 2001, with deaths from diseases of the heart and malignant
neoplasms (with 700,000 and 554,000 desaths, respectively) far out-distancing other
causes of death. In 2001, AD was ranked at number 8 as aleading cause of death.?

There has been adramatic increase in the number of reported deaths from AD
over the past two decades (Figure 1). In 1979, there were only 857 reported deaths
from AD.Z In contrast, AD was reported as the underlying cause of death for a
record 53,852 personsin year 2001 (most recent data available), representing about
2.2% of the 2.42 million deaths from all causes.** The median survival from initial
diagnosis with AD was 4.2 years for men and 5.7 years for women with AD. Men
had poor survival across all age groups compared with females.®

Figure 1. Alzheimer’s Deaths, 1979-2001, by Sex
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Sour ce: CRS compilation based on National Vital Statistics data

22 National Center for Health Statistics (NCHS), National Vital Statistics Reports, vol. 52,
no. 3, Sept. 2003.

2 This number reflects, in part, lack of awareness of AD generally and unfamiliarity with
screening or diagnostic toals.

2 Official mortality data are compiled through the National Vital Statistics System. The
Standard Death Certificate is designed to €elicit a single disease or injury that started the
morbid process that led to death — referred to as the underlying cause of death.

Z E.B. Larson, et al., “Survival after Initial Diagnosis of Alzheimer Disease,” Annals of
Internal Medicine, vol. 140, 2004.
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In 2001, there were 38,090 (71%) AD deaths in females compared to only
15,762 (29%) for men, presumably reflecting the longer life expectancy of women
rather than sex-specific factors for the disease. The vast mgjority of al AD deaths
wereto personsaged 65 yearsand ol der (53,245, or 98.9%) with asignificant portion
to those aged 85 and above.

Age-adjusted death rates for the leading causes of death in the United States
have been falling for anumber of conditions, most notably for diseases of the heart
and cerebrovascular disease.”* Thetrend for mortality dueto AD, however, hasbeen
one of rapid increase since 1979. While this trend may reflect changes in the
underlying risk of becoming affected by AD, other contributing factors should be
noted, including improvementsin diagnosis (i.e., the devel opment and wide-spread
implementation of diagnostic criteria); an increase in awareness of the condition by
physicians, coroners, or funeral directors (who determine the underlying cause of
death for the death certificate); and in formal acceptance of the term “Alzheimer’s
Disease.” A particularly large increasein 1999 was likely the result of the adoption
of the 10th Revision of the International Classification of Diseases (ICD-10) by the
U.S. National Center for Health Statistics (NCHS) for that year, which led to more
accurate identification of AD as a true cause of death compared to some other
designated cause (e.g., pneumonia, heart attack, or general dementia).?’

Public and Private Funding for AD Research

Federal

Funding for Alzheimer’ sresearch hasbeen agrowing priority for NIH sincethe
mid-1980s, and has more than doubled since 1997, keeping pace with the budget for
the NIA (Figure 2). However, theincrease has been relatively modest compared to
the budget for all health research, with federal spending for AD comprising 1.23%
of the total NIH budget in 1987, growing to 2.44% in 2004. In 2004, NIH spent an
estimated $680 million on AD research.® For 2005, Congress appropriated $1.06
billiontotheNIA for aging-related research. Thegovernment current fundsover 100
new or ongoing research studies on many topics, including theidentification of risk

% The figures for age-specific and age-adjusted death rates differ slightly. The latter
highlights cause-specific mortality trends after adjusting crude rates to eliminate the effect
of differencesin population composition with respect to age and other variables.

' Cause of death data from death certificates are the most widely available, timely, and
geographically comparabl edataon heal th avail abl efor the United States, but their reliability
and accuracy are dependent upon the ability of the physician or coroner to make the proper
diagnosis and the care with which he records this information on the death certificate.
NCHS Seedso D.C. Ewbank, “Deaths Attributable to Alzheimer’ s Disease in the United
States,” American Journal of Public Health, Jan. 1999.

% U.S. Department of Health and Human Services. Office of the Assistant Secretary for
Budget, Technology and Finance, “ Alzheimer’ s Disease,” FY2005 Moyer Material, Feb. 5,
2004.
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factors and new early diagnostic markers for treating AD.* While there has been
dramatic progressin understanding the disease process, researchersarestill searching
for more effective means for earlier diagnosis, more effective treatments and
preventive strategies, aswell asefficient mechanismstotransfer thefruitsof research
into beneficial servicesfor patients.

Figure 2. NIH Funding (All Agencies) for AD
Compared to Total Budget of the NIA, 1987-2004

1200 4
1000

800 /_/
600 -

: j,ﬁ/
200

Funding level ($ millions)

‘ —e— AD budget —s— NIAbudget ‘

Source: AD funding, Alzheimer’sDisease Funding: “NIH Budget Office,” Oct. 5, 2004.
See a so [http://www.nih.gov/news/fundingresearchareas.html], accessed July 18, 2005.
NIA total budget, see [http://mwww.nih.gov/about/almanac/appropriations/index.htm],
accessed July 18, 2005.

Note: Datafor 1987-2003 are actual figures; data for 2004 and 2005 are estimates.

Private

Clinical trialsevaluating the safety and effectiveness of new diagnostic methods,
drugs or other treatments are expensive. Large scaletrials of new medical products
can cost $10-$30 million.* It is difficult to determine the magnitude of private
industry investments in AD research, and to determine what clinical trials are

2 The exact number depends on whether the search includes only Alzheimer’ s (as opposed
to broader dementia), the type of research supported (human studies, clinical trials, animal
models), and other factors. For a list and summary of current clinical trials, see the
Clinical Trials.gov database at [http://www.clinicaltrials.gov].

% Alzheimer’s Association, Additional Resources Needed to Speed Progress on Treating
and Preventing Alzheimer’s Disease, 2004. Also Alzheimer's Association, personal
communication, Apr. 26, 2005.
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conducted in the private sector that are not registered with the federal government.
The Alzheimer’ s Association isthe largest private funder of AD research, investing
over $165 million in 1,300 projects over the past 10 years, including $15.8 million
for 71 projects in 2004 alone.®® The Alzheimer's Association estimates that
additional funding is needed in the following areas:

e $50 million for clinical trias;

e $60 million for research to understand risk factors, including $10
million to support the Genetics|nitiative sponsored by NIA, and $50
million to examine the relative influence of environmental risk
factors,

e $30 million for identifying early markers of disease, including $10
million to support the neurcimaging initiative sponsored by NIA,
and $20 million to support community-based epidemiol ogic studies,

e $60 million for basic science research to increase the number of
studies funded from 15% of proposals submitted to NIA to 25% of
proposals.

Challenges to the Health Care System

The number of affected persons, the complexity, and the chronic and long-term
nature of AD will present unique challenges to the U.S. health care system in the
coming decades. The failure of physicians — particularly those in primary care
wherepatientsinitially seek services— and family membersto recognize symptoms
of dementiain the early stages, isamajor barrier to appropriate care for many AD
patients.** Onestudy found that general practitionersonly identified 3.2% of patients
with mild cognitive impairment and 23.5% of patients with moderate to severe
dementia®® A related medical concern is that while remedies may reduce the
incidence (i.e., number of new cases each year) of disease,* earlier diagnosis and
improved treatmentsincreasesthe preval ence— or proportion of personslivingwith
AD out of thetotal population, whilenot influencingtheincidence. Accordingtothe
Alliance for Aging Research, the United States will fall short of the 36,000
specialists® needed by 2030 to meet the medical needs of the aging population.

3 Alzheimer’s Association at [http://www.a z.org/research/].

% Jeffrey L. Cummings, “Alzheimer’s Disease,” New England Journal of Medicine, vol.
351, July 1, 2004, pp. 56-67 (Hereafter cited as Cummings, “Alzheimer’s Disease.”)

% C.M. Callahan, H.C. Hendrie, and W.M. Tierney, “Documentation and Evaluation of
Cognitive Impairment in Elderly Primary Care Patients,” Annals of Internal Medicine, vol.
122 (1995), pp. 422-429.

% J.C.S. Breitner, “The End of Alzheimer’s Disease?’ International Journal of Geriatric
Psychiatry, vol. 14 (1999), pp. 577-586.

¥ Alliance for Aging Research, “ Ten Reasons Why Americals Not Ready for the Coming
(continued...)
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Evenif better biological or genetic markersare developed toimprovediagnosis,
patients will still need evaluation and testing to determine onset of dementia,
prognosis, progression, residual function and hopefully, response to therapy.
Identification of earlier markers of AD offers the opportunity to begin preventive
treatments to slow the progression of disease, giving patients more time with their
families to plan the course of their care and make other life decisions. Additional
markers may act to monitor the effectiveness of therapy. ldentification of such
markers has been a priority for the NIH.*

While not a cure, delaying the onset of disease or the time to progression to
severe disease still has benefits. The Alzheimer's Association indicated that
breakthroughs in medical research could result in nearly a 45% drop in the number
of cases (from 6.5 million to 3.6 million), potentially saving up to $149 billion in
annual Medicareand Medicaid costsby 2025.% A recent study showed that using the
newly approved drug, memantine, alone could slow cognitive decline enough to
reducethe need for caregiving to 45.8 hours per month,® with the potential for better
outcomes when combined with other interventions. Likewise, treatment with an
established drug (donepezil), may slow progression sufficiently to delay nursing
home care for an average of 30 months.* While use of the drug would increase
treatment costs perhaps as much asfour-fold, it may substantially reduce a patient’s
overall medical costs— in one study, total annual costs were reduced by $3,891 for
patients receiving donepezil .*°

% (...continued)
Age Boom,” 2002, available at [http://www.agingresearch.org/bookshelf.cfm].

% Testimony of NIA Director Richard Hodes, in U.S. Congress, Senate Committee on
Health, Education, Labor and Pensions, Subcommittee on Aging, Breakthroughs in
Alzheimer’ s Disease: News You Can Use, hearing, 108" Congress, 2™ sess. May 11, 2004,
[http://help.senate.gov/testimony/t95_tes.html].

3" Report of the Lewin Group to the Alzheimer’ s Association, “ Saving Lives Saving Money:
Dividends for Americans Investing In Alzheimer Research,” June 23, 2004, pp. 1-7, at
[http://www.alz.org/Resources/FactSheets/Lewin_Full Reportl.pdf]. Thisreport issubject
to a number of important assumptions regarding the prevalence of disease, the rate of
technol ogical advancement, and the projected costs of care. These assumptions may bein
part, a reason why the costs at baseline are higher (estimated at $189 billion in total
Medicare spending in 2015) compared to those cited earlier in this report (total Medicare
costsfor Alzheimer’ swere $49.3 billionin 2010). Thecostscited earlier inthisreport were
from an earlier report by the Lewin Group (2001).

% B. Reisherg, et a., “Memantinein Moderate-to-Severe Alzheimer’s Disease,” The New
England Journal of Medicine, vol. 348, no. 14 (2003), pp. 1333-1341.

% George Provenzano, et a., “Delays in Nursing Home Placement for Patients with
Alzheimer’s Disease Associated with Donepezil May Have Health Care Cost Saving
Implications,” Value in Health vol. 4, no. 2 (2001), p. 158.

0 JW. Hill, et al., “The Effect of Donepezil Therapy on Health Costsin a Managed Care
Plan,” Managed Care Interface. Mar. 2002, pp. 63-70.
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Biomedical Aspects of Alzheimer’s Disease

In the absence of the disease, the human brain often can function well into the
tenth decade of life** In 1906, Dr. Alois Alzheimer, a German doctor, noticed
changes in the brain tissue of awoman who had died of an unusual mental illness.
The amyloid plaques and neurofibrillary tangles that he discovered are now
considered hallmarks of AD.* Until the 1970s, AD was considered arare disorder,
with only a small group of pioneers conducting research on the disease.®®

Thebiomedical aspectsof Alzheimer’ s Disease are considered in the next three
sections. The first section reviews the clinical symptoms of the disease and the
biology of AD progression. Though the precise cause of AD isstill illusive, much
knowledge has been gained through basic research in the understanding of the
physical signs and progression of the disease. This section will review major
initiativesin basic and clinical research.** Asknowledgeisgained about the process
of disease development, treatments can be designed to block or otherwise ater that
progression. For clarity, a discussion of current treatments follows the description
of the biological factors that they are designed to alter. None of the current
treatments provide a definitive or effective cure for AD, though a few may act to
slow the progression of cognitive decline.

In the next section (“Diagnosis’), an overview of current and promising means
of diagnosing AD based on the clinical signs and symptoms of the disease is
presented, along with a discussion of current treatments that target arisk factor and
aim to reduce the severity of symptoms and delay cognitive decline.

Finally, the third section will describe the latest research into the newest
potential treatments. Together these sections provide an overview of how research
dollars are being spent in various basic, clinical and behavioral research settings to
determine and affect cause, to prevent or reduce symptoms, and to reverse damage
accumulated during disease progression.

The Biology of Alzheimer’s Disease

Clinical Signs and Symptoms. AD is a progressive neurodegenerative
condition, and a common form of dementia in the elderly. The disease process

41 United States Department of Health and Human Services, National Institutes of Health
(NIH), National Institute on Aging (NIA), Alzheimer’s Disease: Unraveling the Mystery,
2002 (Heresafter cited as DHHSNIH/NIA, Alzheimer’s Disease: Unraveling the Mystery.)

“2NIH Senior Health, Alzheimer’s Disease, Nov. 23, 2003, at [http://nihseniorhealth.gov/
al zheimersdi sease/defined/04.htmi].

“ DHHS/NIH/NIA, Alzheimer’ s Disease: Unraveling the Mystery.

4 Basic research often uses animal or cell culture models to answer a specific research
guestion. In contrast, clinical (or applied) research involves investigation of a specific
intervention in human beings.
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usualy begins with mild cognitive impairment (MCI),* and loss of instrumental
activities of daily living (IADLS), such as check writing or use of public
transportation. Patients may present with confusion, poor judgement, language
disturbances, agitation, and hallucinations.* Depressioniscommonin early disease.
Asthe disease progresses, patients experience difficultiesin basic activities of daily
living (ADLSs), such as eating, grooming, bathing, or using the toilet.*” In addition
to the loss of physical abilities, mood changes and apathy occur throughout the
course of the illness. During the middle and later phases, psychosis and agitation
become commonplace.”® The disease can last from 8-10 years, with arange of 1-25
years. Death typicaly results from genera inanition (i.e.,, exhaustion due to
malnutrition), malnutrition, and pneumonia®® Early onset AD is characterized by
appearance of symptoms before age 65, usually between the ages of 40 and 50;
however, onset can range from the 30sto early 60s. Late onset AD is characterized
by the appearance of symptoms at age 65 or older.

Studies of AD aredifficult, because exact diagnosisis not possible without an
examination of brain tissuewhichisnot availableuntil after the patient hasdied. As
a result, the precise cause of AD remains unknown, but is postulated to be both
multifactorial (meaning that there are multiple causes) and polygeneic (i.e., multiple
genes® areinvolved). Much of what isknown hasbeen derived from animal models,
such as transgenic (i.e., genetically modified) mice.

AD results from a disruption of normal brain structure and function. Table 4
summarizesthefrequency of different typesof AD. Onethingthat contributesto the
disruption is a buildup of protein called beta-amyloid. The majority of the cases
occur sporadically, with no familia influence or obvious exposure. However,

> MCl isdifferent fromboth AD and normal age-rel ated memory change. Peoplewith MCI
have ongoing memory problems but do not have other losses like confusion, attention
problems, and difficulty with language. See the Alzheimer's Disease Education and
Referral Center (ADEAR) at [http://www.a zheimers.org/generalinfo.htm].

“6ThomasD. Bird, Alzheimer Disease Overview, Sept. 12, 2003. Availableat [http://www.
genetests.org] (Hereafter cited as Bird, Alzheimer Disease Overview).

“"D. Galasko, et al., “Aninventory to Assess Activities of Daily Living for Clinical Trias
in Alzheimer’s Disease: the Alzheimer’ s Disease Cooperative Study,” Alzheimer Disease
and Associated Disorders, vol. 11, suppl. 2 (1997), pp. S33-S39.

“M.S. Mega, J.L. Cummings, T. Fiorello, and J. Gornbein, “The Spectrum of Behavioral
Changesin Alzheimer’s Disease,” Neurology, vol. 46 (1996), pp. 130-135.

9 American Psychiatric Association (APA), Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. (Washington, D.C.: APA, 1994), pp. 139-145.

% Genes are pieces of DNA which encode the biochemical sequence that can be translated
into proteins. Each person usually inheritstwo copies of agene (onefromtheir mother, one
fromtheir father). Thedifferent formsof ageneare called alleles. Differencesin the gene
sequences that differentiate the alleles can result in different versions— or isoforms — of
a protein. CRS Report RL32478, Genetic Testing: Scientific Background and
Nondiscrimination Legislation, by Michele Schoonmaker and Erin Williams, includes a
brief discussion of the relationship between genes and proteins.
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approximately 25% of patients haverelativeswith AD (i.e., thedisease‘runsin their
families’). Clinically, familial caseslook the same as sporadic cases.

The gene that codes for the amyloid protein is found on chromosome 21.
‘Normal’ individuals have two copies of chromosome 21, and therefore two copies
of the gene for amyloid protein. Down syndrome patients have three copies of
chromosome 21 (and therefore three copies of the gene for amyloid protein).
Because Down syndrome patients have three copies of chromosome 21, arare few
of AD cases (less than 1%) can be associated with Down syndrome.

Table 4. Types of AD

Typeof AD Frequency
Sporadic (e.g., no family history) 75%
Familial 25%
Late onset 15-25%
Early onset <2%
Chromosomal (e.g., trisomy 21) <1%

Source: Bird, Alzheimer’s Disease Overview.

Physiological Changes and Pharmaceutical Targets. Thedamageto
the AD brain is selective and concentrated in the areas that are concerned with
memory, language, reasoning and judgement. The most striking damage is
generalized atrophy (i.e., shrinking) of thebrain* and enlargement of cavities(known
as ventricles) which occurs when nerve cells begin to die (Figure 3).

Figure 3. Physical Changes in Brain with Alzheimer’s Disease
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Sour ce: Alzheimer’s Disease Education & Referral Center (ADEAR), “Alzheimer’s Disease: Unraveling
the Mystery,” at [http://www.alzheimers.org/unraveling/07.htm].

*! The University of CaliforniaLos Angeles (UCLA) Laboratory of Neurolmaging (LONI)
website hosts a computer animation which demonstrates changes in the gross structure of
a normal human brain as it is transformed by AD. See “Elderly Normal to Elderly
Alzheimer’ s Disease Warp” at [http://www.loni.ucla.edu/SV G/Animations/Disease.html].
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Though still unproven, the “amyloid hypothesis’ is the most well-supported
theory of how AD develops. In thistheory, the cascade of biological eventsleading
to AD are (1) beta-amyloid accumulates in the brain in the form of plaques; (2)
neurofibrillary tanglesform, (3) inflammation occursaround the plaques and tangles
andfinally, (4) cell deathisinitiated. At some point inthe cascade, the neurons(i.e.,
nerve cells) become dysfunctional in their ability to communicate with one another.
Scientists do not always agree which of these steps are causal or which are effects of
disease.

Established trestments have focused on multiple stages in the AD disease
process. Some target the process of plaque formation. Other therapies attempt to
inhibit the inflammatory response that occurs in response to the plaques, or attempt
to improve function by replenishing neurotransmitters, growth factors or hormonal
therapies.® Each of the stepsin the disease process will be discussed below along
with the corresponding opportunities for therapeutic interventions.

Amyloid Protein. Onamicroscopic level, the AD brain is characterized by
the accumulation of amyloid plagues and neurofibrillary tangles. A large protein
called amyloid precursor protein (APP) is broken down (i.e., cleaved) into smaller
amyloid proteins, called beta-amyl oid-40 and beta-amyl oid-42. Thenumber signifies
how many amino acids (i.e., the chemical building blocks of proteins) are in each.
Of these cleavage products, beta-amyloid-42 is more likely to be in plaques and be
toxic to cells. APP and its cleavage products may occur in norma cells and
cerebrospinal fluid,> but their function is not known.**

In Alzheimer’s, the beta-amyloid product builds up around nerve cellsin abad
form (known as a beta-pleated sheet) and eventually forms the characteristic plaque
(Figure 4). The mechanisms of how the beta-amyloid protein is allowed to
accumulate are till unclear. In some cases, mutations in the APP gene (i.e., the
genetic material that is the blueprint for the protein) or abnormal processing of the
APP by enzymes called secretases may result in the overproduction of beta-amyloid.
In other instances, the accumul ation may be mediated by another unknown factor, or
may be due to the brain’ sinability to clear toxic forms of the protein.®

2 DHHS, Mental Health: A Report of the Surgeon General, Chapter 5: Older Adults and
Mental Health, Section4: Alzheimer’ sDiseaseat [http://www.surgeongeneral.gov/library/
mental health/chapter5/sec4.html].

3 Dennis J. Selkoe, “Alzheimer’s Disease: Mechanistic Understanding Predicts Novel
Therapies,” Annals of Internal Medicine, vol. 140, 2004, pp. 627-38 (Hereafter cited as
Selkoe, Alzheimer’s Disease: Mechanistic Understanding.)

* A. Kamal, et a., “Kinesin-Mediated Axona Transport of a Membrane Compartment
Containing Beta-secretaseand Presenilin-1 RequiresAPP,” Nature, vol. 414, 2001, pp. 643-
648.

* R.N. Rosenberg, “The Molecular and Genetic Basis of AD: The End of the Beginning,”
Neurology, vol. 54, 2000, pp. 2045-2054. (Hereafter cited asRosenberg, TheMolecular and
Genetic Basisof AD.)
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Figure 4. Microscopic Image of the AD Brain
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Source: CNS Pathology at [http://www-medlib.med.utah.edu/WebPath/CNSHTML/
CNS090.html], accessed May 26, 2005.

Notes: The large dark spots are the amyloid plagues and the smaller, darker, irregular
shaped structures are the tangles.

The presence of plaquesisnot limited to AD. Infact, in normal aging thereis
some neurona loss, and some healthy individuals even develop a few scattered
plagues and tangles, making an early diagnosis of AD difficult.

To date, there are no therapies availableto effectively reduce or eliminate beta-
amyloid fromthebrain.>® Researchersareinvestigating strategiestoinhibit secretase
(and therefore inhibit beta-amyloid synthesis) as potential therapies.> One vaccine
clinical trial was stopped in 2003 when 6% of the patients experienced serious side
effects.™

Neurofibrillary Tangles. Neurofibrillary tangles are the dense, irregularly
shaped structuresin Figure4. They are made of microtubules. Themicrotubulesare
the structures that neurons use to carry substances within the body of the cell and to
its many projections, called dendrites. These microtubules are made up of proteins
called tau proteins. In AD, a change in the chemical make up of the tau proteins

% Cummings, “Alzheimer’'s Disease,”, pp. 56-57.
" Rosenberg, The Molecular and Genetic Basis of AD.

%8 Jean-Marc Orgogozo, et al ., “ Subacute Meningoencephalitisin a Subset of Patientswith
AD After Abetad2 Immunization,” Neurology, vol. 61, 2003, pp. 46-54, in Cummings,
“Alzheimer’s Disease.”
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causes them to rearrange and weaken the support system for the nerve cell. Thecell
then changes shape and loses its ability to communicate with other nerve cells. The
cell eventually dies, but thetanglesremain. Tanglescan occur intheabsenceof beta
amyloid plagues, and do so in other diseases such as frontotemporal dementia.*®

Inflammatory Response. Asplagues and tanglesform, the brain launches
a localized inflammatory response against the dying nerve cells and abnormal
proteins. Studies show that signs of inflammation occur from early to late disease.
These signs include the association of inflammatory proteins with plagues, and the
accumulation and activation of microglial cells® around the plagues. While
inflammation isanormal responseto injury or disease, chronic inflammation can be
harmful to tissues.

Someresearcherssuggest that theinflammatory proteinsmay beinvolvedinthe
regulation of APP synthesis and actually aggravate the disease. In this model, the
APP is made and cleaved into the beta-amyloid protein. The toxic form of beta-
amyloid then activates microglia cells to produce inflammatory proteins. The
inflammatory proteins then stimulate production of more APP, which then is
converted to beta-amyloid, and so on, eventually leading to the build-up of beta-
amyloid into a plaque.®*

Anti-Inflammatory Medications. Regardliess of the mechanism by which
inflammation acts(i.e., whether chronicinflammation causesgeneral damagetobrain
tissue or the inflammatory proteins are somehow more specifically involved in
plague formation), researchers are investigating whether non-steroidal anti-
inflammatory drugs (NSAIDs), such asibuprofen, can slow the disease progression
assuggested by epidemiol ogic studies. Despitethe epidemiol ogic evidence, negative
results have been reported for trials of diclofenac, rofecoxib (Vioxx),% and naproxen
(e.g., Aleve, Naprosyn).®®* Asaresult insufficient evidence exists to support long-
term treatment with NSAIDs. Some researchers argue that comparisons between
different NSAIDs are difficult because they have different mechanisms of action.
Current studies are evaluating the value of new NSAIDs (such as celecoxib, human
recombinant interferon-alpha, and cyclophosphamine) in preventing AD.

Neurotransmitters. A neurotransmitter is achemical made by anerve cell.
It is used to transmit signals from one neuron to either another neuron or other cell
(such as a skeletal muscle cell or heart muscle cell). When aneuron is stimulated,
it releases a neurotransmitter from the ends of the dendrites (Figure 5). The

%9 Selkoe, Alzheimer’s Disease: Mechanistic Understanding.
€ Microglial cellsareimmune cellsthat engulf and clear dead cells and debrisin the brain.

61 J. M. Hoozemans, et al ., “Immunol ogical Aspectsof Alzheimer’ sDisease,” BioDrugs, vol.
15, no. 5 (2001), pp. 325-337.

62 VVioxx was recently removed from the market due to excessive adverse cardiac events
associated with its use for rheumatoid arthritis. Public health advisories have been issued
for other NSAIDs, including some sold over-the-counter, such as ibuprofen. See
[http://www.pueblo.gsa.gov/nsaid.htm]. Accessed Apr. 26, 2005.

8 Cummings, “Alzheimer’'s Disease.”
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neurotransmitter rapidly travels the small gap (called the synapse) between the first
neuron (called the pre-synaptic neuron), and binds to a special receptor on the
dendrite of a neighboring neuron (post-synaptic). The binding of the
neurotransmitter to its receptor €licits an electrochemical response (caled
depolarization) inthe second neuron, which stimulatesit to rel ease aneurotransmitter
to stimulate the next neuron. The movement of electrochemica signals and the
release of neurotransmittersoccur inonedirection alonganerve, and arewhat allows
neurons to communicate with each other (Figure5).

Figure 5. Neurotransmitter Function
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Sour ce: [http://users.rcn.com/jkimball.ma.ultranet/Biol ogyPages/S/Synapses.html].

When the signal has been transmitted, the neurotransmitter must be removed
from the synapse. For amost al neurotransmitters, removal occurs by a process
called reuptake. In reuptake, the neurotransmitter is actively re-absorbed by the
presynaptic neuron.

Figure 6. Movement of a Signal Between Neurons
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Source: Ingtituto de Fisiologia Celular, The Neuron at [http://www.ifisiol.unam.mx/
Brain/neuron. htm].
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Neurotransmitters can be small molecules (such as acetylcholine (ACH),
dopamine, norepinephrine, serotonin, histamine, and epinephrine), amino acids (such
as gamma-aminobutyric acid (GABA), glycine, glutamate, and aspartate), peptides
(suchasinsulin, neuropeptide Y, or somatostatin among others) or even soluble gases
(carbon monoxide or nitric oxide).

Acetylcholine. Thecholinergic system consistsof all of the neuronsthat use
acetylcholine (ACH) as their neurotransmitter. ACH has been shown to have a
central rolein information processing, memory, and learning. It is made from other
chemicals by an enzyme called choline acetyltransferase. The degenerative
progression in AD has been associated with deficitsin the cholinergic system. The
deficits could be due to the death of cholinergic neurons (i.e, neurons that make or
use ACH) which reduces the amount of ACH that is available.

ACH can be released into the synapse by two different receptors, caled the
muscarinic and nicotinic receptors.** These receptors can also bind other molecules.
Depending on the molecule encountered, the receptor will signal the increased or
decreased release of ACH into the synapse. When the signal has been transmitted,
the neurotransmitter must be deactivated. Unlikemost other neurotransmitterswhich
are deactivated by a reuptake mechanism, ACH is broken down into inactive
fragments by an enzyme called acetylcholinesterase.

Glutamate. Glutamate is a neurotransmitter that binds to another kind of
receptor, called theNM DA (N-methyl-D-aspartate) receptor. When glutamate binds
tothe NM DA receptor, it triggerscalciumto flow into theneuron. Calciumflow into
and out of the neuron isimportant for depolarization to occur. For the brain to store
information and function properly, there must be a balance between the levels of
glutamate and calcium. If there is not enough glutamate to bind NMDA receptors,
calcium cannot enter the cell and information cannot be stored. On the other hand,
if too much glutamate is available, too much calcium enters the neuron, and the
neuron may die.®®

Treatment with Neurotransmitter Modulators. The ACH system has
long been the target for therapeutic intervention. Drugs have sought to increase the
amount of ACH that is available by stimulating its production, by inhibiting the
enzymesthat break it down, or by affecting the receptorsto which ACH binds. Four

8 Muscarinic receptors are found between the junction of nerve cellsand cardiac or smooth
muscles, and between nerve cells that control sympathetic nervous function. Sympathetic
nervousfunctionisresponsiblefor thebody’ sresponseto stress. Stimulation of sympathetic
nerves causes the heartbeat to increase, blood pressure to rise, and digestive movement to
slow. Nicotinicreceptorsarefound at thejunction between nerve cellsand skeletal muscle,
and between neurons that control parasympathetic nervous function. Parasympathetic
nervous function is responsible for returning the body to normal after a stressful encounter
(e.g., lowers blood pressure, lowers heart beat, increase digestive movement).

& Namanda (memantine) Information for Consumers, available at [http://www.namenda.
com/treating/how.asp].
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drugs® that act to influence neurotransmitter function have been approved by the
Food and Drug Administration (FDA) for thetreatment of AD (Table5). Donepezil
(Aricept™), rivastigmine (Exelon™) and gaantamine (Reminyl™) inhibit
acetylcholinesterase, leaving more acetylcholine in the synapse to foster
communication between neurons. In addition, galantamine actually stimulates the
nicotinic receptors of the nerve cells to make more acetylcholine.

The most frequent side effects of cholinesterase inhibitors are nausea and
vomiting, diarrhea, stomach cramps and headaches, dizziness, fatigue, insomniaand
loss of appetite.®” Evidence suggests that treatment with cholinesterase inhibitors
may delay the onset of AD symptoms by 6-24 months.®® While cholinesterase
inhibitors have demonstrated effectiveness for improving cognition and/or attention
associated with mild to moderate disease, the effects still are not clear in later
stages.®® There have been no direct comparisons of these drugs, and the main
differences in utilization may be due to the ease of administration and side effect
profiles rather than their efficacy.”

% A fifth drug, tacrine, was one of the first approved by the Food and Drug Administration
(FDA), but now israrely used due to increased adverse side effectsin the liver.

6" Alzheimer’s Society, “ After the Diagnosis: Drug Treatments for Alzheimer’s Disease -
Aricept, Exelon, Reminyl and Ebixa,” Nov. 2000. Availableat [http://www.al zheimers.org.
uk/After_diagnosis/Treatments/info_drugs.htm].

 E. Giacobini, “Cholinesterase Inhibitor Therapy Stabilizes Symptoms of Alzheimer
Disease,” Alzheimer Disease and Associated Disorders, vol. 14, 2000, pp. S3-S10.

% Most trialshave only measured the effects of the cholinesteraseinhibitor for 6-12 months,
and one, using extrapol ated datafor the placebo group, suggested that patients continued to
benefit from therapy for two-three years. See Cummings, Alzheimer’s Disease.

R.S. Doody, et al., “ Practice Parameter: Management of Dementia, Report of the Quality
Standards Subcommittee of the American Academy of Neurology,” Neurology, vol. 56,
2001, pp. 1154-1166. (Hereafter cited as Doody et a., Practice Parameter).
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FDA Approved Anti-Dementia Drugs for
Treatment of AD

Date of approval

Common (trade) and Approved M echanism of
name manufacturer indications action
Donepezil 11/25/1996; Eisai  For treatment of Inhibits
(Aricept) and Pfizer mild to moderate Acetylcholin-
dementia of esterase
Alzheimer’ stype.
Rivastigmine 4/21/2000; For trestment of Inhibits
(Exelon) Novartis mild to moderate Acetylcholin-
dementia of esterase
Alzheimer’ s type.
Gdantamine 2/28/2001; Shire,  For treatment of Inhibits
(Reminyl) Inc. mild to moderate Acetylcholin-
dementia of esterase; stimulates
Alzheimer’ stype. acetylcholine
production
(nicotinic
receptors)
Memantine 10/27/2003; For the treatment of ~ Blocks glutamate
(Namenda, aka Merz moderate to severe  hinding to NMDA-
Ebixain UK) dementia of the receptors

Alzheimer’'stype

Sour ce: CRS compilation.

A recently approved drug, memantine (Namenda™) helps to regulate the
activity of glutamate by binding to the NMDA receptor. While memantineismildly
effective in stabilizing or improving cognition at the middle to later stages of AD,
there is no evidence a this time to show that it slows or prevents
neurodegeneration.” Memantine therapy may be combined with other therapieslike
vitamin E or a cholinesterase inhibitor, since they have a different mechanism of
action. Combination therapy may result in some cognitive and behaviora
improvement compared to placebo. Like other drugs, the effects of memantine,
however, are temporary (i.e., does not stop, cure, or reverse the disease).”

Though still at avery early stage, pharmacogenomic datamay eventually prove
useful inidentifying which patientsarelikely to respond to different medications, and
which may experience serious adverse events. For example, FDA approved labeling

> Namanda(memantine) FDA -approved product | abeling, avail ableat [ http://www.fda.gov/
cder/foi/label/2003/0214871bl .pdf].

2P.N. Tariot, et a., “Memantine Treatment in Patientswith M oderate to Severe Alzheimer
Disease Already Receiving Donepezil: A Randomized Controlled Trial,” Journal of the
American Medical Association, vol. 291(2004), pp. 317-324.



CRS-23

for Reminyl states that 7% of patients treated may have a genetic variation which
would slow theratethat thedrugiscleared from their bodies (i.e., poor metabolizer),
potentially leading to toxic build-ups.” Theimplication of thisinformation is that
these patients may receive either alower than recommended dosage or a different
drug to minimize their risks of adverse events.

Apoliprotein E. Apolipoprotein E (ApoE) isawell characterized lipoprotein™
that is normally found in plasmaand cerebrospinal fluid. ApoE isinvolvedinlipid
metabolism. Itisparticularly important for bringing cholesterol into neurons during
brain development and in response to neuronal injury. ApoE normally recycles
cholesterol from dying neurons by forming a complex with it and other lipoproteins
insidethedying cell. Thecomplex isthen released into circulation whereit can bind
with areceptor site (the low density lipoprotein receptor: LPR) on ahealthy cell and
become internalized. The cholesterol is released and used to make new neuronal
dendrites or in re-building synapses.”

TheLPRscanalsointeract with APP, beta-amyloid, and other proteinsinvolved
inlipid metabolism (such as a pha-2 macroglobulin), and may mediate the clearance
of ApoE/beta-amyloid or protein/beta-amyloid complexes from the brain.”® LPRis
also found in the beta-amyloid plague.”

There are three main forms of the ApoE lipoprotein: ApoE2, E3 and E4 which
result from variation in the ApoE gene locus. In 1993, research demonstrated that
the ApoE4 allele(i.e., form of the gene) was more frequent in AD patients compared
tothosewithout AD, particularly in caseswith an early age of onset.” In AD, ApoE4
may produce increased risk through abnormal cholesterol metabolism.™ It has been
hypothesized that ApoE4 may be involved with the degradation of amyloid or may
disrupt theremoval of beta-amyloid from brain tissue leading to accel erated buildup

3 Reminyl (galantamine) FDA -approved | abeling, availableat [ http://www.fda.gov/cder/foi/
label/2002/21224s31 bl .pdf].

" A lipoprotein is a combination of afat and a protein that usually carries other lipids —
such as cholesterol — through the blood.

® Judes Poirier, “ApolipoproteinE: A Pharmacogenetic Target for the Treatment of
Alzheimer’s Disease,” Molecular Diagnosis, vol. 4, no. 4 (1999), pp. 335-341.

6 Rosenberg, The Molecular and Genetic Basis of AD.

" Bradley T. Hyman, Dudley Strickland, and William Rebeck, “ The Role of Low Density
Lipoptotein Receptor Related Protein (LPR) in beta-Amyloid Metabolismand Alzheimer’s
Disease,” Archives of Neurology, vol. 57, 2000, pp. 646-650.

8 See references 9-11 in Poirier, “ApolipoproteinE: A Pharmacogenetic Target for the
Treatment of Alzheimer’s Disease,” Molecular Diagnosis, vol. 4, no. 4 (1999).

" Rosenberg, The Molecular and Genetic Basis of AD.
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of the toxic protein.®® ApoE4 has been associated with other diseases, such asHIV-
associated dementia,® cerebral palsy,®” and cardiovascular disease.®®

Statins. (Cholesterol Lowering Drugs). Because cholesterol metabolism may
be linked to the generation of the beta-amyloid plaques, researchers have suggested
that cholesterol-lowering drugs (statins®®) may be beneficial in reducing the
accumulation of beta-amyloid.®® However, because studies to date have been
relatively small, professional groups do not recommend that a patient take statins
solely to combat Alzheimer's® One study investigating the ability of a statin
(smvastitin) to slow disease progression in 400 individuals with mild to moderate
AD was recruiting patients as of September 2004%’.

Environmental Risk Factors. The mgjority of AD patients do not have a
family history. Even though it has often been speculated that late onset disease
resultsfrom exposure to an unknown environmental agent on a predisposing genetic
background, no environmental agents have been definitively proven to cause AD.®
Many of the studies linking risk factorsto AD are epidemiologic (i.e., population-
based); conclusions usually support evidence of an association, but not of causality.
Additional research controlling for potential bias or unmeasured risk factors is
necessary to separate true associations from spurious ones, and to confirm the
epidemiologicfindings.®* Trauma, smoking, and exposureto pesticidesmay increase

8 peter H. St. George-Hyslop, “Molecular Genetics of Alzheimer’s Disease,” Biological
Psychiatry, vol. 47, 2000, pp. 183-199.

8 E.H. Coder, et a., “HIV-Infected Subjects with the E4 Allele for ApoE Have Excess
Dementia and Peripheral Neuropathy,” Nature Medicine, vol. 10, 1998, pp. 1182-1184.

8 Erika Meirelles Kalil Pessoa de Barros, Rodrugues, Consuela Jungueira; Pessoa de
Barros, Tarcisio; Bevilacqua, and Ruy Geraldo, “ Presence of Apolipoprotien E4 Allelein
Cerebral Palsy,” Journal of Pediatric Orthopedics, vol. 20, 2000, pp. 786-789.

8 F.M. Van Bockxmeer, C.D. Mamotte, F.R. Gibbons, and R.R. Taylor,, “Apoliprotein
Epsilon 4 Homozygosity — A Determinant of Restinosis after Coronary Angioplasty,”
Atherosclerosis, vol. 110, 1994, pp. 195-202.

8 FDA approved statinsinclude Atorvastatin (Lipitor®), Fluvastatin (Lescol®), Lovastatin
(Mevacor®), Pravastatin (Pravachol®), Simvastitin (Zocor®), among others, see
[http://www.fda.gov/cder/].

& Suzana S. Petanceska; S. DeRosa; V. Olm, N Diaz, A. Sharma, T. Thomas-Bryant, K.
Duff, M. Pappolla, and L.M. Refolo, “Statin Therapy for Alzheimer’s Disease: Will It
Work?" Journal of Molecular Neuroscience, val. 19, 2002, pp. 155-161.

8 Alzheimer’ s Association, “Facts About Statinsand Alzheimer’ sDisease,” Feb. 10, 2003,
available at [http://www.alz.org].

8 See [http://www.clinicaltrials.gov].
8 Bird, Alzheimer Disease Overview.

8 Steven D. Edland, Susan Slager, and Matthew Farrer, “Genetic Association Studies in
Alzheimer’ s Disease Research: Challenges and Opportunities,” Statisticsin Medicine, vol.
23, 2004, pp. 169-178.
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risk of developing AD.*® Other risk factors are similar to those for heart disease and
stroke (i.e., high cholesterol, high blood pressure, diabetes).®* However, itisunclear
if these risks are specific for other types of dementia or for conditions that may co-
exist with or accelerate the AD.

On the protective side, higher education, and time spent in physical or mental
activities during life have been associated with a lower risk of AD.* Though
alcoholism has been associated with dementia, afew studies have demonstrated that
light to moderate drinking may have abeneficial effect inreducing Alzheimer’ srisk,
possibly related to the antioxidant properties of alcohol or its effect on lipid
metabolism.®®* Other studies suggest that dietary folic acid may protect neurons
against DNA damageby lowering level sof homocysteine.** Folic acid can also cause
cholesterol to become oxidized into low-density lipoprotein, which is damaging to
the arteries. Low calorie diets may protect against agingin general.* To date, none
of these potential neuroprotective dietary agents or interventions have been shown
to be of benefit for people who aready have symptoms.

Infectious agents have also been investigated as having a possible role in
gporadic cases of AD. Herpes simplex virus (HSV-1) is a neurotropic infectious
agent that has been shown to be a risk factor for AD, potentially predisposing
individuals to increased inflammation, plague and tangle formation. Most (80%-
90%) humans have antibodies to HSV-1, indicating that they have been exposed to
the virus (mostly in the form of oral cold sores). Many exposureswill resultinmild
or asymptomatic disease. HSV-1 reproduces in the sensory nerves near the site of
infection. It can lay dormant in the nervous system. The theory is that HSV-1
reactivation causes neuronal injury which can predispose an individual to AD. No
clinical trials have been initiated that would investigate the effectiveness of antiviral
treatments, such asacyclovir, intreating AD. A few studieshave shown anincreased
frequency of the ApoE4 allele in patients that test positive for HSV-1, indicating a
possible interaction between ApoE and herpes disease recurrence.*

% Though nicotine asatreatment (binding to the nicotinic receptors) may offer some benefit,
smoking does not seem to reduce risk. See Richard Mayeux, “Epidemiology of
“Neurodegeneration,” Annual Reviewsof Neuroscience, vol. 26, 2003, pp. 81-104 (Hereafter
cited as Mayeux, Epidemiology of Neurodegeneration.)

. MoniqueM. Breteler, “Vascular Risk Factorsfor Alzheimer’ sDisease: An Epidemiologic
Perspective,” Neurobiology of Aging, vol. 21, 2000, pp. 153-160.

92 Mayeux, Epidemiology of Neurodegeneration.
% 1bid.

% Homocysteine is an amino acid that is produced in the body. If allowed to accumulate,
it can irritate blood vessels and cause blockage.

% Mark P. Mattson, “Gene-Diet Interactions in Brain Aging and Neurodegenerative
Disorders,” Annals of Internal Medicine, vol. 135, 2003, pp. 441-444.

% Richard B. Pyles, “The Association of Herpes Simplex Virus and Alzheimer’ s Disease:
A Potential Synthesis of Genetic and Environmental Factors,” Herpes, vol. 8, 2001, p. 64-
68.
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Some researchers have postulated links between AD and prion diseases” due
to similarities in the biochemical mechanisms by which the disease-associated
proteins are processed.”®

A magjor geneticsinitiativeisnow underway, sponsored by NIA in collaboration
with the Alzheimer’s Association to locate families with two or more affected
members. Histories are taken and specimens are banked for genetic testing. The
Genetics Initiative seeks to understand the relative influence of genetic and
environmental interactions contributing to AD.%

Other Potential Interventions to Reduce Risk.

Hormone Therapy. Epidemiologic studieshave shown that postmenopausal
women who were taking estrogen replacement therapy had alower incidence of AD.
However, to date, randomized trial shave not confirmed any benefit. Other hormones
— such as progesterone, dehydroepiandrosterone (DHEA), and melatonin have
produced similar negative effects.'® Fivetrialsare currently underway investigating
different hormone formulations. Until these trials are concluded, hormone therapy
is not recommended solely for treatment of AD.

Vitamins and Dietary Supplements. Free radicals are highly reactive,
chemically unstable mol ecul esthat interact with cell structures causingdamage. The
most common free radical in biological systems isthe radical form of oxygen. A
main theory of aging states that free radical damage occurs constantly within a cell.
When the cell can no longer repair the damage caused by free radicals, the cell dies.

Antioxidants are compounds that prevent damage to cells due to free radicals
by helpingthecell eliminatethem. Several studiessupport the concept that vitamins,
particularly vitamin E (an antioxidant) and vitamin C, may delay the onset of
symptoms of AD which arethought — in part — to result from oxidative damage.'®*
Some physi cians recommend high dose vitamin E supplements along with standard

9 Prion diseases (also known as transmissible spongiform encephal opathies such as Mad
Cow Disease) arerapidly progressive, and uniformly fatal diseases that can affect humans
and animals. Cases of the disease are thought be either acquired (sporadic) through
infection or may be inherited. Evidence suggeststhat ‘prions’ are not viruses, but may be
abnormal proteins that, once in the body, have the ability to affect normal organ function.

% Frédéric Checler and Bruno Vincent, “Alzheimer's and Prion Diseases: Distinct
Pathol ogies, Common Proteolytic Denominators,” Trendsin Neurosciences, vol. 25, no. 12,
Dec. 2002, pp. 616-620.

% See [ http://www.al zhei mers.org/adgeneti csbrochure. pdf].

100 Brian R. Ott and Norma J. Owens, “Complementary and Alternative Medicines for
Alzheimer’s Disease,” Journal of Geriatric Psychiatry and Neurology, vol. 11, 1998, pp.
167-173 (Hereafter cited as Ott and Owens, Complementary and Alternative Medicines.)

101 Cummings, “Alzheimer’s Disease.”
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FDA approved therapy,'® while others are not convinced.’® Studies of the potential
benefits of other vitamins, such as B, and B,,, have not been conclusive.'®

Before 1994, dietary supplements were regulated by the FDA. However, since
the Dietary Supplements Health and Education Act of 1994, FDA overview of
supplements has been limited to ensuring good manufacturing practicesand labeling
review. Unliketraditional medicines, FDA doesnot review or approvethe saf ety and
effectiveness of a supplement before they are marketed. Thus, though the
manufacturer is responsible for ensuring the safety of dietary supplement products,
FDA cantakeregulatory actionif asupplement representsasignificant risk of illness
orinjurytoanindividual. Labelingfor supplementsislimited to general statements,
manufacturers cannot portray the product as being able to “diagnose, prevent,
mitigate, treat, or cure adisease.” Both FDA and the Federal Trade Commission
(FTC) havejurisdiction over labeling and advertising of dietary supplements.'®

Herbal remedies are commonly used by patients and their families. Ginkgo
Bilobaisaherbal remedy that has been used in Europe for treatment of avariety of
cerebrovascular conditions. Studies have shown that gingko biloba may have
positive effects on cholinergic neurotransmission by increasing the number of
muscarinic receptors and the rate of acetylcholine turnover,’® and may act as an
antioxidant.”” Because ginkgo bilobais comprised of many activeingredients, it is
difficult to standardize compounds from different manufacturers for study, and to
optimize dosage for a study. Other studies have demonstrated no effect of herbal
remedies like ginseng and ginkgo biloba on improving cognition or memory.'%

Ginseng has been used in Chinese medicine for 5000 years as a treatment for
many different conditions, such asfatigue, diabetes, and other disorders of aging. It
acts to release adrenocorticotropic hormone, which stimulates nerve growth factor
and exerts estrogen-like activity. Anima models have shown that it may stimulate

192 Doody et a., Practice Parameter. Also see [http://www.al zheimersupport.com/
articles/alz3.cfm], accessed Apr. 26, 2005.

193 Deborah Blacker, Mild Cognitive |mpairment — No Benefit from Vitamin E, Little from
Donepeiil, published at [http://content.nejm.org/] Apr. 13, 2005.

104 Ott and Owens, Complementary and Alter native Medicines.

15 FDA, Center for Food Safety and Applied Nutrition, “Overview of Dietary
Supplements,” at [http://www.cfsan.fda.gov/~dms/ds-oview.html].

1% Tyran Itil and David Martorano, “Natural Substances in Psychiatry (Ginkogo Bilobain
Dementia),” Psychopharmacological Bulletin, vol. 31, 1995, pp. 147-158.

107 M. Zimmermann, et al., “Ginkgo Biloba Extract: from Molecular Mechanisms to the
Treatment of Alzheimer’s Disease,” Cellular and Molecular Biology, voal. 48, no. 6, 2002,
pp. 613-623.

108 3. Persson, et a., “The Memory-Enhancing Effects of Ginseng and Ginkgo Biloba in
Healthy Volunteers,” Psychopharmacology, vol. 172, 2004, pp. 430-434.
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acetylcholine release, and have some anti-inflammatory effects. Ginseng has not
been studied specifically for AD.*®

Huperzine A isacompound isolated from club moss. The dried herb haslong
been used asan aternative medicinein Chinafor thetreatment of several conditions,
including schizophrenia® Huperzine A isapotent inhibitor of aceytlcholinesterase
that crosses the blood-brain barrier. Compared to synthetic acetylcholinesterase
inhibitors, it may have alonger duration of action and higher therapeutic index. An
early clinical trial of huperzine A and AD in China demonstrated positive results,™*
and since has been approved and used clinically in Chinato relieve symptoms.? A
trial of 150 patientsis currently underway in the United States.

Other compounds have been evaluated for their potentia to impact AD
progression, including dietary choline (intheform of lecithin, whichisanemulsifier
found in processed foods) and other chemicals in food. However, well designed
clinical studies have failed to show improvementsin cognition with these agents.*

Other Medications. AD patients also take a number of other drugsin an
attempt to reduce symptoms, including tranquillizers, antidepressants, mood
stabilizers, anti-anxiety drugs, hypnotics and anti-convulsants.™* The use of these
drugs primarily occurs “off-label,” meaning that few of these drugs have been
approved by FDA for use in patients with dementiaor AD.**

Nonpharmacologic Intervention. Many studies have investigated the
effectivenessof behavioral modifications, and cognitiverehabilitationin delayingthe
onset of cognitive decline. Interventions include the use of memory aids, music,
videotapes, sensory stimulation and relaxation. These strategies have been applied
and shown to be of varied effectiveness for patients in nursing homes or long-term
care facilities,"'® and are beginning to be evaluated in community and home care
Settings.

109 Ott and Owens, Complementary and Alter native Medicines.

1P L. Bai, X.C. Tang, and X.C. He, “Huperzine A, A Potential Therapeutic Agent for
Treatment of Alzheimer’ sDisease,” Current Medicinal Chemistry, vol. 7, 2000, pp. 355-374
(Hereafter cited as Bai et al., A Potential Therapeutic Agent).

11 Ott and Owens, Complementary and Alter native Medicines.
112 Bai et al., A Potential Therapeutic Agent.
113 Ott and Owens, Complementary and Alter native Medicines.

14 lan G. McKeith, Alzheimer’s Society Information Sheet, Nov. 2000. Available at
[http://www.a zheimers.org.uk/print_info/p_drugsbehaviour.htm].

15 Cummings, “Alzheimer’s Disease.”
116 | bid.



CRS-29
Diagnosis

Definitive diagnosis of AD is only possible upon death of the individual and
confirmation of the physical signsof AD pathology. Thesefindingsinclude grossor
microscopic evidence of beta-amyloid plaques, neurofibrillary tangles, degeneration
of small blood vessels, and neuronal |oss.

Diagnosis of probable or possible AD while an individual is alive is based on
differential exclusion of other possible causes for the symptoms.*’
Neuropsychological evaluation and cognitive testing by psychologists are the
preferred differential diagnostic methodsto discriminate organic dementiafrom age-
related cognitivedecline, cognitivedifficultiesrel ated to depression and other rel ated
disorders.™® Initial assessments typically include evidence of functional declinein
multiple cognitive domains (not just memory); a focused history and physical
examination (to take into account any sensory impairment or confounding factors);
informant reports (family, friends and caregivers); mental tests; and an evaluation of
mental hedth status™® These laboratory, functional, and cognitive tests are
conducted to first rule out other causes of dementia, such as: vascular dementia,
Picks Disease, HIV infection, head trauma, substance abuse, or other mental or
systemicillness.

“Probable” AD is determined by a diagnosis of progressive dementia on the
basisof theMini-Mental State Test or similar examination of cognitivefunction that
cannot be explained by the presence of another disorder based on neuropsychol ogical
tests. Probable AD patients have deficits in a least two areas of cognition.
“Possible” AD is used when the a patient has dementia that cannot be explained by
another cause, and a deficit in only one area of cognition.”® Using the criteria of
McKhann (1984), probable AD is confirmed at autopsy with 85%-90% accuracy.'*
These criteria were reviewed by the Quality Standards Subcommittee of the
American Academy of Neurology in 2001 and found to be reliable.'??

17M.B. Firgt, ed., “Delerium, Dementia, and other Cognitive Disorders,” Diagnostic and
Satistical Manual of Mental Disorders, 4" edition (Washington, DC: American Psychiatric
Association, 1994), pp. 134-155.

118 A PA Presidential Task Forceonthe Assessment of Age-Consistent Memory Declineand
Dementia, Guidelines for the Evaluation of Dementia and Age-Related Cognitive Decline,
Feb. 1998. Available at [http://www.apa.org/practice/dementia.html].

119 Farly Alzheimer’s Disease: Recognition and Assessment, Sept. 1996. Available at
[http://www.ahcpr.gov/clinic/alzover.htm].

120G, McKhann, et al., “Clinical diagnosisof Alzheimer’ s Disease: Report of the NINCDS-
ADRDA Work Group,” Neurology, vol. 34, July 1984, pp. 939-944.

121D, Galasko, et al., “Clinical-Neuropathol ogical Correlationsin Alzheimer’ s Disease and
related dementias.” Archives of Neurology, vol. 51, no. 9, Sept. 1994, pp. 888-895.

122D S. Knopman, et al ., “ Practice parameter: Diagnosisof Dementia, Report of the Quality
Standards Subcommittee of the American Academy of Neurology,” Neurology, vol. 56,
2001, pp. 1143-1153.
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Current research effortsarelargely focused onimproving mechanismsof patient
assessment such as imaging techniques, genetic testing, and assessment of
environmental risk factorsto better understand physical changesinthe AD brain, and
their association with familial risk and environmental exposures. Thegoal isearlier
identification of patients at greatest risk believing that earlier identification may
afford earlier opportunities for intervention.

Brain Imaging. Structural imaging of the brainisgenerally recommended in
the routine initial evaluation of patients diagnosed with dementia to increase the
accuracy of theclinical diagnosis. In many cases, brain atrophy (i.e., shrinking) can
be seen on imaging tests that show structure, such as computed tomography (CT) or
magnetic resonance imaging (MRI). Given that normal aging brains can have
evidence of plagues and tangles, some are questioning the value of imaging (at |east
with the current state of technology) in diagnosing early Alzheimer’s. Without an
effective treatment, doctors are not likely to recommend using imaging to screen
nonsymptomatic individualsfor AD, despite widespread availability and marketing
by commercia firms.'® Some of the available imaging techniques are discussed
below.

Computed Tomography (CT) scanning usesspecial X-ray equipment to produce
cross sections of the body, providing detailed images of organs, bones, and other
tissues. The cross-sectionseliminate much of the overlap of structuresand increases
theresolution of imaging over traditional x-rays. Sometimesaspecia dyeisusedto
increase the contrast between soft and solid body parts. The CT isused to evaluate
the structure of the brain, including an assessment of itssize. AD may be indicated
if brain atrophy (i.e., shrinking) is seen.

Magnetic Resonancel maging (MRI) usesradio-frequency wavesand astrong
magnetic field to provide remarkably clear and detailed pictures of internal organs
andtissues. MRI requires specialized equipment and expertiseand allowseval uation
of some body structures that may not be as visible with other imaging methods.***
The MRI aso evaluates brain structure and size. Whileit can have better resolution
than a CT scan and does not use ionizing radiation, other factors (such as the effect
on implanted metal electronic devices or the long time needed to capture an image)
may make MRI less desirable for some patients.

Positron Emission Tomography (PET) scans produceimages based on how the
brain uses glucose (sugar). In a PET scan, areas of the brain that are actively
functioning or using sugar show up as red-orange spots. Dark blue or violet spots
indicatelittleactivity. AD issuspectedif adark spot showsup in an areaof thebrain

123 John Fauber, “Doctors See Brain Scans as Ripe for Abuse. Alzheimer’s Fears Could
Lead to Unnecessary Procedures, They Say,” Milwaukee Journal Sentinel, July 4, 2004, at
[http://www.jsonline.com/alive/news/jul 04/245968.asp], accessed July 18, 2005.

124 Radiol ogy information, at [ http://www.radiol ogyinfo.comv/content/mr_of the body.htm].
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where language and memory processing occurs. PET scans may detect early signs
up to 93% of thetime, at a cost of about $1,500 each.*

Single photon emission computed tomography (SPECT) isanother test of brain
function. SPECT evaluates blood flow in the brain following the injection of a
special imaging solution into a patient. SPECT may be more comfortable to
administer than other imaging techniques, which require that a patient be enclosed
inside the detection device. Functiona tests, such as PET and SPECT, can
complement structural tests, like CT or MRI.

Despite promisefor earlier diagnosis, most current imaging studies are limited
to detecting damage which has already begun. The challengeisto untanglethe early
effects that are predictive for AD, while excluding normal aging or other disorders.
Some new studies are focusing on using neuroimaging techniques to untangle the
genetic and environmental influences of normal brain structure. Surprisingly, many
physical brain features — such as the distribution of gray matter in the cerebral
cortex — are under significant genetic control; where there is genetic similarity
between individuals, there is similarity in brain structure during the normal aging
process and in certain disease processes.’”® Structural changes — such as brain
atrophy over time in patients with mild cognitive impairment — may improve
diagnosis. However, the clinical value of the information over the battery of tests
that are currently available remains to be established.*

Other studies are focusing on identifying and evaluating new early biomarkers
of AD that will improve theimaging process. Biomarkers are moleculesthat can be
tagged with a dye that can be traced through the brain with imaging studies. For
example, NIA iscurrently recruiting for alarge Neuroimaging Initiative. Thisstudy
istheproduct of apublic and private partnership to develop more biomarkersfor AD.
It is estimated that the research will cost approximately $12 million per year. As of
July 2004, 24 companies had agreed to contribute.

Genetic Associations in Familial and Sporadic Disease. Familial AD
comprises about 25% of all cases of the disease. Heritable causes of AD are still
largely unknown. In early onset familial AD, the disease appears to be inherited in
an autosomal dominant fashion, wheretherisk of transmission between aparent with
AD to his/her child is 50%.'® Early onset AD has three subtypes of disease,
depending on what geneisinvolved. AD1 is caused by a mutation in the amyloid
precursor protein (APP) gene, AD3 by amutation in the presenilin-1 (PSEN1) gene,

122 Daniel H.S. Silverman, et al., “Positron Emission Tomography in Evaluation of
Dementia: Regional Brain Metabolism and Long-term Outcome,” Journal of the American
Medical Association, vol. 286, no. 17, Nov. 7, 2001, pp. 2120-2127.

126 Paul Thompson, et al., “Genetic Influences on Brain Structure,” Nature Neuroscience,
Dec., val. 4, no. 12, 2001, pp. 1-6.

127 P.J. Nestor, P. Scheltens, and J.R. Hodges, “Advances in the Early Detection of
Alzheimer’s Disease,” Nature Reviews Neuroscience, July 2004, pp. S34-341.

128 Bird, Alzheimer Disease Overview.
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and AD4 by amutation in the presenilin-2 (PSEN2) gene.® All of these genes may
impact how beta-amyloidisproduced or cleared.**® “Presenilin” isagenerictermfor
afamily of proteinsthat arefoundin all cell typesand are highly conserved between
species. Though not proven, the gene for presenilinisthought to code for secretase,
an enzyme(s) that cleaves APP to produce the beta-amyloid peptide found in AD
plaques™* or for an unidentified protein that may regulate secretase.’*

Table 6. Familial AD: Genetic Associations
and Frequency of Occurrence

Major associated gene (gene
Disease subtype locus ?) Frequency

Early Onset Subtypes

AD1 APP (21g21) 10%-15%

AD3 PSEN1 (14924.3) 20%-70%

AD4 PSEN2 (1931-g42) rare
Late Onset AD

AD?2 ApoE4 (19913.2) 46%°

Sour ce: Bird, Alzheimer Disease Overview.

a. The gene locus refers to the physical location of a gene on a chromosome. Standard
nomenclature is to put the chromosome number first, followed by the chromosome
arm, and then by band where the geneislocated. For example, the APP gene locus
is21g21. Thismeansthat the geneislocated on chromosome 21, the g (or long) arm,
band number 21. Knowing the genelocus can beimportant for researching what other
disease or heath-related genes may be located in the same area (i.e., some genetic
damage can affect multiple genes and cause multiple conditions simply because the
genes are close together).

b. Thisstatisticisinterpreted as 46% of patientswith AD and afamily history of AD have
at least one ApoE4 allele, in either ahomozygous ed/e4 (i.e., the e4 dleleis on both
chromosomes) or heterozygous state (i.e, @4 on one chromosome, and another ApoE
allele on the other).

129 Summarized in On-line Mendelian Inheritance in Man (OMIM), #104300, Alzheimer
Disease, July 31, 2003. Availableat [http://www.nchi.nim.nih.gov/omim/] (Hereafter cited
as OMIM, #104300 Alzheimer Disease.)

10 Kristel Sleegersand CorneliaM. van Duijn, “Alzheimer’ s Disease: Genes, Pathogenesis
and Risk Prediction,” Community Genetics, vol. 4, 2001, pp. 197-203.

131 Selkoe, Alzheimer’s Disease: Mechanistic Understanding.
132 Rosenberg, The Molecular and Genetic Basis of AD.



CRS-33

For late onset familial AD, the mode of inheritanceisunknown. Lateonset AD
isthought to involve multiple susceptibility (i.e., risk increasing) genes. If someone
inafamily isidentified ashavinglate onset AD, therisk to other first degreerelatives
is 15%-30%."* The major gene involved with |ate onset familial diseaseis ApoE.
ApoE doesnot cause AD, but isassociated with anincreased risk for developing AD.
People with two copies of the ApoE4 allele represent only 2%-3% of the general
population, but 15%-20% of the AD population.’* Another allele, ApoE2, israrely
found in AD patients, and may confer a protective effect.’®*® ApoE3 is most
commonly found in the non-AD population. Individualswith two copies of ApoE4
allele have an eight-fold risk of developing AD by age 75 whileindividual swith one
copy of the allele have athree-fold increase in risk.**®

Candidate genesfor sporadic | ate onset disease have been elusive. Itispossible
that the genes for the proteinsinvolved in cholesterol metabolism in the neuron —
such asal pha-2-macroglobulin, low density lipoproteinreceptor, ApoE4 and amyloid
precursor protein described earlier — may participate in a common pathway that
leadsto the AD-rel ated neurodegeneration.*” The genesfor alpha-2-macroglobulin
andthelow density lipoprotein receptor areon chromosome 12. Several studieshave
shown linkage between sporadic AD and chromosome 12, but the actual gene
involved has been elusive.*® A gene on chromosome 10 may influence the age of
onset of AD.™* So far, there have been no associ ations between mutationsin the tau
gene (associated with neurofibrillary tangles) and familial AD;**° however, in a
mouse model, a gene called PIN1 has been recently identified that may protect
against AD, coding for a protein that may ‘untangle’ tangles caused by the tau
protein.**

Genetic Tests. Genetic testing can offer benefits as well asrisks. Perhaps
the greatest benefit of using predictive testing in asymptomatic (i.e., heathy) adults
is the opportunity to prevent damage before it occurs. As more genes are found to

133 Bird, Alzheimer Disease Overview.

132 American College of Medical Genetics (ACMG), “ Statement on Use of Apolipoprotein
E Testingfor AlzheimersDisease,” Journal of the American Medical Association, vol. 274,
1995, pp. 1627-1629. Available at [http://www.acmg.net/resources/policies/pol-001.asp],
accessed July 18, 2005 (Hereafter cited as ACMG, Statement on Use of Apolipoprotein).

135 Bird, Alzheimer Disease Overview.

1% Rosenberg, The Molecular and Genetic Basis of AD.
137 OMIM, #104300 Al zheimer Disease.

1% Rosenberg, The Molecular and Genetic Basis of AD.

1% Testimony of NIA Director Richard Hodes, in U.S. Congress, Senate Committee on
Health, Education, Labor and Pensions Subcommittee on Aging, Breakthroughs in
Alzheimer’s Disease: News You Can Use, hearing, 108™ Congress, 2™ session, May 11,
2004, at [http://help.senate.gov/testimony/t95_tes.html].

140 Some studies have shown that mutations in the tau gene are associated with a form of
frontotemporal dementia. See Selkoe, Alzheimer’s Disease: Mechanistic Under standing.

41y .C. Liou, et a., “Role of the Prolyl Isomerase PIN1 in Protecting Against
Age-dependent Neurodegeneration,” Nature, vol. 424, no. 6948, 2003, pp. 556-561.
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cause disease, testing may allow an individual to prepare for the eventual disability
associated with disease, and studying them will improvethe understanding of disease
etiology, progression and pathology. Susceptibility testing does not identify which
individuals will eventually get the disease, but it can provide information about
individualswho are at higher risk for developing AD, so that those individuals may
avoid other environmental factors that may further increase their risk.
Pharmacogenetic or pharmacogenomic testing**? may eventually help to identify
peoplewho could benefit from new drugs, or from genotype specific dosing regimens
for old or new drugs.

Therisks of testing asymptomatic adults include a possible negative effect on
personal rel ationshipsand emotional well-being for thosewho test positive, and may
offer afalse sense of security for those who test negative. Clinical laboratory tests
are available for ApoE4, APP, PSEN1 and PSEN2.

A consensus statement of the American College of Medical Genetics(ACMG),
the American Society of Human Genetics (ASHG), the American Academy of
Neurology (AAN) and the American Pediatric Association (APA) agreed that
although there is strong association between AD and ApoE4, testing is not
recommended for the general population. The statement stressed that susceptibility
or predictivetesting isonly valuableif the course of the condition can be affected by
lifestylechangesor early drugintervention (prevention or alleviation).'** Othersfeel
that although testing for the ApoE4 aleleis not widely recommended, identification
of the e4/e4 genotype may increase the sensitivity of traditional diagnosisup to 97%
in a symptomatic patient with family history of dementia. Diagnostic testing of
asymptomatic family membersfor PSEN1, APP, or PSENZ2 isonly recommended if
amutation has already been identified in a family member with Alzheimer’s.**

Once amutation isknown in afamily to be associated with adisease, testing in
other situations — such asin prenatal or preimplantation diagnostic testing'* — is
possible. Prenatal testing for PSEN1, PSEN2 and APP mutations is possible for
familieswhere amutation has been identified in association with disease. However,

142 Pharmacogeneti ¢ testing investigates vari ationsthat areinherited in aperson’ sDNA that
areassociated with how that individual’ sbody reactsto drugs. Studiesin pharmacogenetics
generaly look for markers that will predict whether an individual will have an adverse
reaction to a drug, but can aso investigate other aspects of drug metabolism.
Pharmacogenomic testing looks at the entire complement of gene products (including
proteins and enzymes) that are expressed in association with an individual’s reaction to
specific drugs.

143 ACMG, Statement on Use of Apolipoprotein.
144 Bird, Alzheimer Disease Overview.

15 prenatal diagnosis is a process by which a sample of fetal cells is collected from a
pregnant woman through a procedure called amniocentesis, which relies on aneedle being
inserted into the uterus during pregnancy. The cells can be cultured and analyzed for
genetic diseases or conditions for which the cause is known. Preimplantation diagnosis
involvesthe examination of products of conception (such asan early cell fromadeveloping
embryo) or other by-product of invitrofertilization (IVF), for genetic diseasesor conditions.
Only embryos lacking the genetic disease gene are implanted in the uterus.
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GeneTests(an onlineresourcefor locating genetic testing laboratoriesand associ ated
services) reportsthat nolabsareoffering testing for that purpose. Generally, requests
for prenatal testing for adult conditions is uncommon, and is not supported by
professional associations.**® Despite the recommendations, there was a report of a
case of preimplantation diagnosisin amother with an APP mutation. The consensus
of the professional community isnot to test children for adult onset di seases because
of the possibility of stigmatization, or serious educational and career implications.

Investigational Treatments

New Compounds. PhRMA, a leading association for pharmaceutical
manufacturers, indicates that there are 25 drugs under investigation for AD
(excluding the agents used in gene therapy); five have been approved by FDA either
for AD or other indications (i.e., they are aready on the market)."” Of the 20
unapproved products, only three (Alzhemed, Ampalex/CX516, and NS 2330) are
registered with the federal government. See [http://www.clinicaltrials.gov].*® Itis
too soonto tell which, if any of these new treatmentswill be effectiveintreating AD.
However, to put this research in the context of what is already available (refer to
section Physiol ogical Changesand Pharmaceutical Targets), of theremaining 17 new
compounds currently under investigation:

e 2 compounds target beta-amyloid formation, aggregation or

clearance (oneis an aternate form of an anti-inflammatory drug);

1 compound is thought to inhibit neuroinflammation;

1 compound modulates calcium channel activity;

2 compounds affect the acetylcholine neurotransmitter system;

2 compounds are neurotrophic (i.e., “nerve growing”) agents;

2 compounds are monoamine oxidase inhibitors (one of which also

has anti-acetyl cholinesterase activity and neuroprotective activity);

3 compoundstarget mood, anxiety and/or behavioral symptoms; and

e 4 have an unknown, unspecified or unpublished mechanism of
action.

146 ACMG, Statement on Use of Apolipoprotein.

147 PhRMA Medicines in Development for Older Americans, at [http://www.phrma.org/
newmedicines/].

148 Companies are required to inform the federal government that they plan to conduct
clinical trialsby filing an Investigational New Drug (IND) application with the FDA. Once
approved, companies are also supposed to disclose the existence of many ongoing clinical
studies to the federal government in a database, such as [http://www.clinicaltrials.gov].
Despite this requirement, few companies actually submit information to the database. A
Washington Post article noted that only 13% of the 5,754 trialslisted in the federal clinical
trials database, Clinical Trials.gov, were industry sponsored, in contrast to estimates that
over 80% of trials are funded by for-profit companies. See Shankar Vedantam,
“Drugmakers Prefer Silence on Test Data,” Washington Post, July 6, 2004, p. A0Ll. See
CRS Report RL32832, Clinical Trials Reporting and Publication, by Erin Williams.
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Gene Therapy. Gene therapy is a procedure that uses genetically modified
cells (from the patient or another source) or infectious agents to: introduce normal
genetic sequences to replace deficient ones; to selectively kill certain cells (e.g.,
diseased cells); to make abody cell resistant to different types of infection (e.g., HIV
infection) or to stimulate a patient’s immune function.’*® Gene therapy trials must
be approved by both the FDA (for use of the investigational therapeutic agent) and
theNIH Recombinant DNA Advisory Commitee (RAC) (for important human factor
considerations and technical review) prior to initiation.

In 2001, doctors at the University of California, San Diego (UCSD) performed
the first surgery to implant genetically modified tissue into the brain of an AD
patient. In the therapy, skin samples from the patient (who had early-stage
Alzheimer’ s) were collected and modified in the laboratory to introduce genes for
nerve growth factor (NGF). After the researcher verified that the cells produced the
NGF, they used a surgical procedure to implant the modified cellsin damaged areas
of thebrain. A total of eight people underwent the procedure, and were followed for
ayear.™™ No adverse events were noted in any of the patients one year after surgery.
PET imaging of the patients showed increased metabolic activity in the areas of the
brains of patients after the treatment with NGF, and an autopsy of a patient who died
(death not related to treatment) showed active NGF production in the brain, with a
growth response of brain cellsto the NGF delivery.™

A second trial is underway by researchers at Rush University Medical Center
and sponsored by Ceregene, Inc. to evaluate the safety, tolerability, and efficacy of
a new agent, CERE-110, in subjects with mild to moderate AD. CERE-110isa
commercially developed agent that uses an adeno-associated virusto deliver NGF to
brain cells®* The CERE-110 tria is listed with the federa government, at
[http://www.clinicaltrials.gov].

Stem Cells and Tissue Regeneration. Stem cells are cells within the
body that have not yet become specialized to perform asingle function (i.e., they are
not blood, nerve, skin, muscular, etc). There are two types of stem cells. adult and
embryonic. Adult stem cellscirculatethebody inlow numbers, and retain the ability
to become aspecialized cell if needed. Much research hasfocused on harvesting and
using adult stem cells to repair tissue damage (such as spinal cord injury and brain
damage). Embryonic stem cells are derived from an early stage embryo. Though

149 P M. Cannon and W.F. Anderson, “Retroviral Vectors for Gene Therapy,” in NS
Templeton and D.D. Lasic eds., Gene Therapy Therapeutic Mechanisms and Strategies
(New York, NY: Marcel Dekker, Inc., 2000), pp. 1-16.

10 See Gene Therapy for Alzheimer’s Disease — Clinical Trial Information, at
[http://tuszynskilab.ucsd.edu/clinical _study.htm].

131 See Preliminary Results Are Promising in Alzheimer’s Gene Therapy Trial, online at
[http://www.eurekalert.org/pub_rel eases/2004-04/uoc — prad42204.php].

152 See protocol number 0401-623, “A Phase I/Il, Dose-Escalating, Randomized and
Controlled Study to Assess the Safety, Tolerability, and Efficacy of Cere-110
[Adeno-associated Virus (Aav)-based, Vector-mediated Delivery of Beta-nerve Growth
Factor (Ngf)] in Subjects with Mild to Moderate Alzheimer's Disease,” at
[http://www.gemcris.od.nih.gov].
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they may have a greater potential to become different types of cells than adult stem
cells, research using them is highly controversial, currently prohibited to existing
lines, and is the subject of heated debate in Congress.™

Degspite the controversy, some scientists believe there is potential for use of
stem cells in AD.™ Much of the federally funded research aims at further
understanding the mechanisms and regulation of how neural stem cells (NSC)
differentiate into specialized neurons. There are mgjor barriersto overcome before
stem cell therapy can become a clinical reality in the treatment of AD. Because
memory deterioration involves the degeneration of specific cells (cholinergic
neurons), scientists haveto figure out how to replace aspecific cell type (seealsothe
section, “Neurotransmitters’). This is complicated because the beta-amyloid
formation process in the diseased brain may create an environment that influences
what type of cell the NSC becomes.™ Two studies currently underway arefocusing
on using NSCs to repair damage to AD brains in an animal model.*™*® Given the
scientificand political barriers, clinical therapiesusing stem cells— whilepromising
— arenot likely to be available in the near term.

The National Human Neural Stem Cell Resource provides neural stem cells
harvested from the post-natal, post-mortem, human brain to the research community
for stem cell research. Several brain areas as well as cultures from normal and
genetically mutant specimens are represented in the Resource.™’

Vaccination. Because evidence suggests that the formation of plagues may
elicit an immune response, researchers have hypothesized that antibodies against
beta-amyloid may either prevent its accumulation or facilitate its clearance by
launching animmuneattack against the plaque. Despiteearly promise, aclinical trial
of active vaccination against beta-amyloid had to be stopped due to complications.
Following thetrial, analysis of a small group of patients suggested that vaccination
resulted in a reduction in disease progression in patients whose bodies generated
antibodies against the beta-amyloid.*® Given this promise, some scientists believe

158 More amore detailed discussion of stem cells and the debate concerning the use of stem
cellsinresearch, see CRS Report RL31015, Sem Cell Research, by Judith A. Johnson and
Erin Williams.

154 Statement of Richard J. Hodes, Director, National Institute on Aging, in U.S. Congress,
Senate, Subcommittee of the Committee on Appropriations, Alzheimer’s Disease, 2003
hearings, 108" Cong., Mar. 23, 2004, S.Hrg. 108-130, [http://frwebgate.access.gpo.gov/
cgi-bin/getdoc.cgi?dbname=108_senate hearings& docid=f:89018.wais.pdf].

%5 Kiminobu Sugaya, “ Neuroreplacement Therapy and Stem Cell Biology under Disease
Conditions,” Cellular and Molecular Life Sciences, vol. 60, 2003, pp. 1891-1902.

1% Based on a search of the CRISP (Computer Retrieval of Information on Scientific
Projects) database, search terms*“Alzheimer’s’ and “ Stem Cells,” accessed Aug. 25, 2004,
at [http://crisp.cit.nih.gov/crisp/crisp_query.generate screen.

157 See [http://www.nhnscr.org/default.htm].

1% C. Hock, et a., “Antibodies Against Beta-Amyloid Slow Cognitive Decline in
Alzheimer’s Disease,” Neuron, vol. 38, 2003, pp. 547-554 in Cummings, Alzheimer’s
(continued...)
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that passiveimmunization'*® may be safer. Evenif immunization were successful in
helping the body prevent beta-amyloid accumulation by facilitating clearance of the
peptide, itisunclear whether vaccinationinlater lifewill be ableto reverse cognitive
defects or brain pathology.

Currently, there are no human trials of AD vaccines registered with the federal
government. However, there are 15 federally funded research studies investigating
new formulations of AD vaccines in mouse models.*®

158 (..continued)
Disease.

19 Active immunization is when a patient is given a vaccination consisting of an
administered dose of either an infectious agent or small molecule (such asaprotein) before
exposure to the element, in an attempt to get the patient’s immune system to make
antibodies. At some future point when the patient contacts the agent (beta-amyloid), the
antibodies will then fight the agent to rid the body of the harmful agent. Passive
immunization is when a patient is given antibodies directly to fight an agent or molecule.
Passive immunization is usually given when the patient has already been exposed to the
agent.

160 CRISP search of “Alzheimer’s Vaccine,” at [http://crisp.cit.nih. gov].
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Appendix A. Glossary

Allele— The specific version of agenethat islocated on achromosome. Normally,
individualswill have two alleles for each gene, one located on each chromosomein
a set.

Amygadala— Theamygdalais an almond-shaped mass of gray matter, onein each
hemisphere of the brain, that is associated with feelings of fear and aggression and
isimportant for visual learning and memory.

Amyloid precursor protein — A large protein which is cleaved into smaller
proteins (or peptides), one of which isthe beta-amyloid form that accumulatesin the
brains of patients with AD as beta-amyloid plagues.

Autosomal dominant — A mode of inheritance in which achild has a50% chance
of inheriting a particular trait, condition or disease from their parent.

Beta-amyloid — A cleavage product of amyloid precursor protein, this peptide
formsabeta-pleated sheet which accumulatesinthebrainsof AD patientsasplaques.

Chromosome — A long stretch of DNA that contains genes and other information.
Humans have 46 chromosomes, which arrange during cell division in pairs of two
(23 sets). During reproduction, each parent contributes one set of 23 chromosomes
to their offspring.

Dementia— A clinical state characterized by loss of mental function.

DNA — Deoxyribonucleic acid; a large, double-stranded nucleic acid molecule
arranged like a staircase (double helix); the chemical substance of which genes are
composed.

Early onset AD — When symptoms appear before age 65.

Enzyme— A special kind of protein that can cause biochemical reactionsto occur.

Familial AD — Alzheimer’s disease that runsin family.

Family history — A record of diseases, conditions, or traits in a nuclear (parents,
children) or extended (grandparents, aunts, uncles, cousins, etc.) family.

FDA — United States Food and Drug Administration.
First degreerelative— A first degreerelative is defined as a parent, brother, sister
or child of an individual. A second degree relative would include grandparents,

aunts, uncles, nephews or nieces (children of aunts and uncles).

Gene— A stretch of DNA that carries information from one generation to the next
and codes for a specific protein.



CRS-40

Genotype— The specific alleles (forms of genes) inacell. For example, everyone
has a gene(s) for eye color. The genotype would be the specific alleles that resulted
in a particular phenotype like blue eyes.

Heter ozygous — When the alleles (forms of a gene) on both chromosomes (one
inherited from mother, one from father) are different.

HHS — United States Department of Health and Human Services.

Hippocampus — The hippocampusis part of the lower brain, one part within each
of the cerebral hemispheres. It is concerned with basic drives, emotions, and
short-term memory.

Homozygous — When the alleles (forms of a gene) on both chromosomes (one
inherited from mother, one inherited from father) are the same.

L ate onset AD — When symptoms appear at or after age 65.

M odeof inheritance— The pattern by which atrait, characteristic, disease, disorder
or condition is transmitted from a parent to a child.

Mutation — In contrast to a chromosome abnormality, amutation is an individual
change in a DNA sequence that accounts for genetic variations. Mutations may be
harmful if they prevent genes from making normal gene products. These mutations
can cause, or increase susceptibility to, specific diseases or conditions. A mutation
can be inherited from a person’s parents, or acquired from exposure to a toxic
environmental condition

Multifactorial — Multiple causes.

Neocortex — The neocortex is athin layer of nerve cells that covers the cerebral
cortex (top brain) that isinvolved with higher brain functions such as learning.

Neurofibrillary tangles— Neurofibrillary tanglesare characteristic“ flame shaped”
structuresinthe AD brain. The tangles are accumulations of abnormal forms of tau
proteins, which make up microtubulesin anormal nerve cell. The microtubules are
The microtubules are the structures that neurons use to carry substances within the
body of the cell and to its many projections.

Neurotransmitter — A neurotransmitter is achemica made by anerve cell that is
used to transmit signal sfrom one neuron to either another neuron or other cell (such
as askeletal muscle cell or heart muscle cell).

Neuron — Another name for a nerve cell.

Peptide — A short or truncated protein.

Phar macogenetic — Variations that are inherited in a person’s DNA that are

associated with how that individua’s body reacts to drugs. Studies in
pharmacogenetics generally look for markersthat will predict whether anindividual
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will have an adversereaction to adrug, but can also investigate other aspects of drug
metabolism.

Phar macogenomic — The entire complement of gene products that are expressed
in association with an individual’s reaction to specific drugs. Studies in
pharmacogenomics investigate many aspects of the drug metabolism process; and
many focus on identifying patterns of gene product expression that change in
response to drug treatment, and whether those changes indicate that the drug is
working.

Phenotype — Observable characteristics (appearance) of an individua that are
determined by the interaction of genes, gene products and the environment.
Phenotypic testing identifies genetic variation by looking at the structure or function
of agene products rather than looking directly at the gene.

Plaques— A buildup of the abnormal form of beta-amyloid in the brain which also
contains various lipids and inflammatory proteins. The buildup makesadark round
spot in the brain tissue, called the plague.

Polygenic — Multiple genes.

Predictivetesting— Testing acurrently healthy or asymptomaticindividua’ SDNA
for variations that may be associated with future disease.

Preimplantation diagnosis— A testing procedure performed on human eggs, sperm
or embryos before implantation in the uterus to determine whether or not certain
genetic disease, conditions, or traits are present.

Prenatal diagnosis — A testing procedure done on cells that are shed from a
developing fetus, usually between the third and fourth month of pregnancy, to
determine if the fetus has a genetic disease, condition or trait.

Protein — A string of amino acids that form athree-dimensional structure to carry
out thefunctionsof acell. Proteinscan be structural (givethe cell shape), regulatory
(act to turn genes “on or off”), or enzymatic (cause biochemical reactionsto occur).

Secretase — An enzyme or family of enzymes that are thought to cleave amyloid
precursor protein into smaller peptides, one of which is the beta-amyloid peptide
found in AD plagues.

Stem cells — Unspecialized cells in an adult organism or embryo that have the
potential to become differentiated into any kind of functional cell (e.g., nerve,
muscle, blood).

Susceptibility — A possibility of disease caused or influenced by agenotype. Most
diseasesresult from acomplex set of both genetic and environmental causes. Some
harmful gene mutationsincrease the likelihood that a person will devel op a specific
disease.



