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(57) ABSTRACT 

Blood cholesterol levels are correlated With production of 
amyloid [3 protein (AB), and are predictors of populations at 
risk of developing AD. Methods for lowering blood choles 
terol levels can be used to decrease production of AB, 
thereby decreasing the risk of developing AD. The same 
methods and compositions can also be used for treating 
individuals diagnosed With AD. Methods include adminis 
tration of compounds Which increase uptake of cholesterol 
by the liver, such as the administration of HMG CoA 
reductase inhibitors, administration of compounds Which 
block endogenous cholesterol production, such as adminis 
tration of HMG CoA reductase inhibitors, administration of 
compositions Which prevent uptake of dietary cholesterol, 
and administration of combinations of any of these Which 
are effective to loWer blood cholesterol levels. Methods have 
also been developed to predict populations at risk, based on 
the role of cholesterol in production of AB. For example, 
individuals With Apo E4 and high cholesterol, de?ned as a 
blood cholesterol level of greater than 200 mg/dl, post 
menopausal Women With high cholesterol levels—especially 
those Who are not taking estrogen, or individuals Which high 
blood cholesterol levels Who are not obese are all at risk of 
developing AD if blood cholesterol levels are not decreased. 
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METHODS FOR DECREASING BETA AMYLOID 
PROTEIN 

[0001] The United States government has certain rights in 
this invention by virtue of National Institutes of Health grant 
number RO1NS33325 to Bruce A. Yankner. 

BACKGROUND OF THE INVENTION 

[0002] AlZheimer’s disease is the most common 
cause of dementia in the aged population. The accumulation 
of large numbers of senile plaques containing the 40-42 
amino acid amyloid [3 protein (AB) is a classic pathological 
feature of AD. Both genetic and cell biological ?ndings 
suggest that the accumulation of AB in the brain is the likely 
cause ofAD (Yankner, B. A. (1996) Neuron 16, 921-932.; 
Selkoe, D. J. Science 275, 630-631 (1997)). Strong genetic 
evidence in support of the pathogenic role of AB came from 
the observation that individuals Who inherit mutations in the 
amyloid precursor protein almost invariably develop AD at 
an early age. These mutations increase the production of a 
long variant of the AB peptide that forms senile plaques in 
the brain (Goate et al., (1991) Nature 349, 704-706). Muta 
tions and allelic variations in other genes that cause AD, 
including the presenilins and apolipoprotein E, also result in 
increased production or deposition of the AB peptide. 
Reiman, et al. (1996) N. E. J. Med. 334, 752-758, reported 
that in middle age, early to mid 50’s, individuals Who are 
homoZygous for the Apo E4 gene have reduced glucose 
metabolism in the same regions of the brain as in patients 
With AlZheimer’s disease. These ?ndings suggest that the 
pathological changes in the brain associated With this gene 
start early. Furthermore, individuals With DoWn’s syndrome 
overeXpress the amyloid precursor protein, develop AB 
deposits in the brain at an early age, and develop AlZhe 
imer’s disease at an early age. Finally, the AB protein has 
been demonstrated to be highly toXic to nerve cells. Thus it 
is Widely believed that drugs Which decrease the levels of AB 
in the brain Would prevent AlZheimer’s disease. 

[0003] The knoWn genetic causes of AD can account for 
only a small proportion of the total number of cases of AD. 
Most cases of AD are sporadic and occur in the aged 
population. A major goal of research is the identi?cation of 
environmental factors that predispose to AD that Would be 
amenable to therapeutic measures. 

[0004] It is therefore an object of the present invention to 
provide methods for predicting populations at risk of devel 
oping AD. 

[0005] It is another object of the present invention to 
provide diagnostics and pharmaceuticals to decrease the 
production of amyloid [3 protein (AB), and thereby to 
prevent or reduce the liklihood of developing AD. 

[0006] It is a further object of the present invention to 
provide pharmaceutical treatments to treat AD in patients’ 
having the neuropsychiatric or diagnostic criteria for AD. 

SUMMARY OF THE INVENTION 

[0007] Blood cholesterol levels are correlated With pro 
duction of amyloid [3 protein (AB), and are predictors of 
populations at risk of developing AD. Methods for loWering 
blood cholesterol levels can be used to decrease production 
of AB, thereby decreasing the risk of developing AD. The 
same methods and compositions can also be used for treat 
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ing individuals diagnosed With AD. Methods include admin 
istration of compounds Which increase uptake of cholesterol 
by the liver, such as the administration of HMG CoA 
reductase inhibitors, administration of compounds Which 
block endogenous cholesterol production, such as adminis 
tration of HMG CoA reductase inhibitors, administration of 
compositions Which prevent uptake of dietary cholesterol, 
and administration of combinations of any of these Which 
are effective to loWer blood cholesterol levels. Methods have 
also been developed to predict populations at risk, based on 
the role of cholesterol in production of AB. For eXample, 
individuals With Apo E4 and high cholesterol, de?ned as a 
blood cholesterol level of greater than 200 mg/dl, post 
menopausal Women With high cholesterol levels—especially 
those Who are not taking estrogen, or individuals Which high 
blood cholesterol levels Who are not obese are all at risk of 
developing AD if blood cholesterol levels are not decreased. 
In the preferred embodiment, individuals With these risk 
factors are treated to loWer blood cholesterol levels prior to 
developing any mental impairment attributable to AD, based 
on accepted neuropsychiatric and diagnostic criteria in clini 
cal practice. Treatment is based on adminstration of one or 
more compositions effective to loWer cholesterol blood 
levels at least 10%, Which is believed to be suf?cient to 
decrease production of AB. 

[0008] Diagnostic kits based on the discovery of these risk 
factors include reagents for measurement of cholesterol, 
total lipoproteins, and/or Apo E4. 

[0009] The eXamples demonstrate the use of HMG CoA 
reductase inhibitors to treat AlZheimer’s disease. Rats fed a 
high cholesterol diet shoW increased levels of the AlZhe 
imer’s disease AB protein in the brain. Cholesterol has been 
shoWn to increase the amount of AB in human neurons in 
culture. The HMG CoA reductase inhibitors reduce choles 
terol production. Several different HMG CoA reductase 
inhibitors. including lovastatin, simvastatin, ?uvastatin, 
pravastatin and compactin, signi?cantly inhibit the level of 
AB production in human neuronal cultures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I Methods for Predicting Populations at Risk for 
AD 

[0010] Individuals at increased risk for A6 accumulation 
and AlZheimer’s disease are those Who carry a copy of the 
apolipoprotein E4 gene (Strittmatter et al., (1993) Proc. Natl. 
Acad. Sci. USA. 90, 1977-1981), those With trisomy 21 
(DoWn’s syndrome) (Mann and Esiri, (1989) J. Neurol. Sci. 
89, 169-179)), and individuals Who carry a mutation in one 
of the genes that encode the amyloid precursor protein, 
presenilin-1 or presenilin-2 (revieWed in Yankner, 1996). In 
addition, individuals With a family history of AlZheimer’s 
disease have been documented to be at increased risk of 
AlZheimer’s disease (Farrer et al., (1989) Ann. Neurol. 25, 
485-492; van Duijn et al., (1991) Int. J. Epidemiol. 20 (suppl 
2). S13-S20), and could therefore bene?t from prophylactic 
treatment With an HMG CoA reductase inhibitor. 

[0011] Methods have also been developed to predict popu 
lations at risk, based on the role of cholesterol in production 
of AB. Several risk factors for developing AD have been 
identi?ed. These include: 
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[0012] (1) individuals With Apo E4 and high choles 
terol, de?ned as a blood cholesterol level of greater 
than 200 mg/dl, 

[0013] (2) post menopausal Women With high cho 
lesterol, especially those Who are not taking estro 
gen, 

[0014] (3) young individuals With high blood choles 
terol levels Who are not obese (age 48-65 yrs), 

[0015] (4) individuals With high blood cholesterol 
levels Who have a family history of AD, 

[0016] (5) individuals With high blood cholesterol 
levels Who have a family history of AD, and 

[0017] (6) all adult individuals With DoWn’s syn 
drome. 

[0018] These individuals are all at risk of developing AD 
if blood cholesterol levels are not decreased. In the preferred 
embodiment, individuals With these risk factors are treated 
to loWer blood cholesterol levels prior to developing any 
mental impairment attributable to AD using accepted neu 
ropsychiatric and diagnostic criteria for probable AlZhe 
imer’s disease (McKhahn et al. (1984) Neurology 34:939 
944). 
[0019] Individuals can be screened using standard blood 
tests for cholesterol, ApoE4, and/or total lipoprotein levels, 
as Well as by taking a medical and family history. In 
addition, over the counter immunoassay tests can be used by 
individuals Who may be at risk, so that they can seek further 
medical advise. These immunoassay kits can be qualitative 
and/or quantitative for elevated cholesterol, total lipopro 
teins, and Apo E4. 

II Methods of Treatment to Decrease Production of 

AB. 
[0020] Methods for loWering blood cholesterol levels can 
be used to decrease production of AB, thereby decreasing the 
risk of developing AD. The same methods can also be used 
to treat patients Who have already been diagnosed With AD. 
Methods include administration of compounds Which 
increase uptake of cholesterol by the liver, such as the 
administration of HMG CoA reductase inhibitors, adminis 
tration of compounds Which block endogenous cholesterol 
production, such as administration of HMG CoA reductase 
inhibitors, administration of compositions Which prevent 
uptake of dietary cholesterol and administration of combi 
nations of any of these Which are effective to loWer blood 
cholesterol levels. 

[0021] The examples indicate that several different HMG 
CoA reductase inhibitors reduce the production of AB. HMG 
CoA reductase inhibitors may act to loWer cholesterol at 
several different levels. For example, HMG CoA reductase 
inhibitors have been shoWn to loWer blood cholesterol levels 
by upregulating liporprotein clearance receptors in the liver 
(BroWn and Goldstein, (1986) Science 232, 34-47). In 
addition, HMG CoA reductase inhibitors Will directly inhibit 
cholesterol synthesis in neurons. Since every HMG CoA 
reductase inhibitor tested reduces AB production, it is antici 
pated that neW members of this class of drugs Will also 
inhibit AB production. Furthermore, since increased dietary 
cholesterol increases AB in the brain, drugs Which act 
through other mechanisms to reduce cholesterol Will also 
inhibit AB production. 
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[0022] Representative CoA reductase inhibitors include 
the statins, including lovastatin, simvastatin, compactin, 
?uvastatin, atorvastatin, cerivastatin, and pravastin. These 
are typically administered orally. 

[0023] Compounds Which inhibit cholesterol biosynthetic 
enZymes, including 2,3-oxidosqualene cyclase, squalene 
synthase, and 7-dehydrocholesterol reductase, can also be 
used. 

[0024] Representative compositions Which decrease 
uptake of dietary cholesterol include the bile acid binding 
resins (cholestryramine and colestipol) and the ?brates 
(clo?brate). Probucol, nicotinic acid, garlic and garlic 
derivatives, and psyllium are also used to loWer blood 
cholesterol levels. Probucol and the ?brates increase the 
metabolism of cholesterolcontaining lipoproteins. The cho 
lesterol-loWering mechanism of nicotinic acid is not under 
stood. 

[0025] Although the preferential route of administration of 
HMG CoA reductase inhibitors Would be oral, the drugs 
could also by administered by intravenous, subcutaneous or 
intramuscular routes. In some cases, direct administration 
into the cerebrospinal ?uid may be ef?cacious. 

III EXAMPLES 

[0026] Prior to the studies described in the folloWing 
examples, the relationship betWeen cholesterol and AB lev 
els in the brain Was unknoWn. In one study, rabbits Which 
Were fed a high cholesterol diet shoWed increased immuno 
cytochemical staining of brain neurons With an antibody to 
A6. HoWever, this antibody Was not speci?c for A6, and 
could cross-react With other metabolites of the amyloid 
precursor protein (Sparks, D. L. (1996) Neurobiology of 
Aging. 17, 291-299). The studies in the folloWing examples 
demonstrate that: rats fed a high cholesterol diet shoW 
increased levels of the AlZheimer’s disease AB protein in the 
brain; cholesterol increases the amount of AB in human 
neurons in culture; HMG CoA reductase inhibitors reduce 
cholesterol production; and several different HMG CoA 
reductase inhibitors, including lovastatin. simvastatin, ?uv 
astatin, pravastatin and compactin, signi?cantly inhibit the 
level of AB production in human neuronal cultures. 

EXAMPLE 1 

Cholesterol Increases the Level of AB in Human 
Neuronal Cultures. 

[0027] Busciglio et al., (1993) Proc. Nat. Acad. Sci. 90, 
2092-2096, described the production of AB by human cor 
tical neurons in culture. To determine Whether cholesterol 
can affect the production of AB, primary human brain 
cultures Were established from the cortex of 16-20 Week 
fetal abortuses, and the neurons incubated in the absence or 
presence of very loW density lipoprotein (VLDL), loW 
density lipoprotein (LDL) or high density lipoprotein (HDL) 
particles isolated from human plasma. These lipoprotein 
particles are the physiological vehicles for the transport of 
cholesterol to cells. The effects of the different lipoprotein 
particles on the levels of AB in the human cortical cultures 
Was determined. The human cortical cultures Were main 
tained in serum-free Dulbecco’s Modi?ed Eagle’s Medium 
(DMEM) With N2 supplements (a serum-free supplement 
that supports neuronal viability). The medium Was then 
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changed to the same medium (controls) or medium supple 
mented With VLDL, LDL, or HDL particles. After incuba 
tion for 48-72 hours, AB Was measured by immunoprecipi 
tation of the culture medium With a polyclonal antibody to 
A6 (B12), followed by Western blotting With a monoclonal 
antibody to A6 (6E10). The Western blots Were developed 
either by the enhanced chemiluminescence method or by 
addition of an 125I-labeled secondary antibody and phos 
phorimager scanning. The bands corresponding to the 40 
and 42 amino acid form of AB Were analyZed quantitatively 
using a computer softWare program. Control human cortical 
cultures produced basal levels of AB. Exposure of the human 
cortical cultures to VLDL, LDL or HDL particles increased 
the levels of both the 40 and 42 amino forms of AB. These 
results suggest that the major classes of cholesterol-contain 
ing lipoproteins all act to increase production of AB in 
human neurons. 

[0028] It Was then determined Whether lipoprotein par 
ticles containing apolipoproteins E or A1 Were able to 
increase AB production. To address this question, synthetic 
lipoprotein particles containing these proteins Were created. 
Particles containing either apolipoprotein E or A1 increased 
the level of AB in the human cortical cultures. 

[0029] These results indicate that a variety of different 
cholesterol carrying lipoprotein particles can increase the 
production of AB in primary human neuronal cultures. 

EXAMPLE 2 

Dietary Cholesterol Increases AB Levels in the 
Brain. 

[0030] After establishing that cholesterol-carrying lipo 
protein particles increase AB in cultures of human neurons, 
it Was determined Whether dietary cholesterol increases the 
level of AB in the brain in vivo. Increased dietary intake of 
cholesterol is knoWn to increase circulating levels of lipo 
protein particles, Which in turn increases the delivery of 
cholesterol to cells. These experiments Were performed on 
20 month old rats. The rats Were fed a loW cholesterol diet 

(0.1% cholesterol) or a high cholesterol diet (5% choles 
terol). After 10 Weeks, the animals Were sacri?ced and the 
cortex Was removed for measurement of AB levels. AB Was 
assayed by immunoprecipitating cortical homogenates With 
the AB antibody B12, folloWed by Western blotting With the 
commercially available AB monoclonal antibody 4G8. 

[0031] Resolution of the AB isolated from rat cerebral 
cortex by electrophoretic separation on gels shoWed that AB 
levels Were signi?cantly increased by about 50% in the 
group of rats fed the high cholesterol diet relative to the 
group of rats fed the loW cholesterol diet. These ?ndings 
indicate that dietary cholesterol increases the amount of AB 
in the brain. It is noteWorthy that the approximately 50% 
increase in AB in the brain induced by a high cholesterol diet 
is similar to the increase in AB Which occurs in DoWn’s 
syndrome, Which is knoWn to predispose to the development 
of AlZheimer’s disease. 

EXAMPLE 3 

HMG CoA Reductase Inhibitors Inhibit the 
Production of AB by Human Neurons. 

[0032] The HMG CoA reductase inhibitors have been used 
in humans to decrease plasma levels of cholesterol in 
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patients at risk for heart disease. The discovery that choles 
terol increases the amount of AB in the brain led to this 
investigation to determine Whether the HMG CoA reductase 
inhibitors may be therapeutically efficacious for AlZheimer’s 
disease by inhibiting the production of AB . Human cortical 
neuronal cultures Were established from 18 Weeks gestation 
normal fetal cortical tissue as described above and main 
tained in a culture medium comprised of DMEM containing 
N2 supplements. After one Week, the culture medium Was 
changed to DMEM +N2 supplements (control), or DMEM 
+N2 supplements + either 100 pM lovastatin, 100 pM 
simvastatin, 100 pM compactin, 100 pM ?uvastatin, or 1 
mM pravastatin. after incubation for 48 hours, the cultured 
cells Were harvested and the levels of AB Were assayed, as 
described above. 

[0033] AB Was isolated from the culture medium from 
human cortical neuronal cultures and resolved by electro 
phoresis in gels. These results demonstrate that human 
neurons treated With either lovastatin, simvastatin, compac 
tin, ?uvastatin or pravastatin have signi?cantly decreased 
levels of AB relative to controls. These results indicate that 
HMG CoA reductase inhibitors decrease the production of 
AB by human neurons. 

[0034] The ?nding that HMG CoA reductase inhibitors 
inhibit AB production by human cortical cells supports the 
use of this class of drugs for reducing the levels of AB in 
individuals With AlZheimer’s disease or at risk of developing 
AlZheimer’s disease. 

[0035] Modi?cations and variations of the methods and 
compositions for prediction of the liklihood of developing 
AD, and for preventing and/or treating AD, Will be obvious 
to those skilled in the art. These modi?cations and variations 
are intended to come Within the scope of the appended 
claims. 

We claim: 
1. A method for decreasing the production of AB com 

prising administering a composition Which decreases blood 
cholesterol levels to a person With elevated cholesterol 
levels Who is at risk of, or exhibits the symptoms of, 
AlZheimer’s disease. 

2. The method of claim 1 Wherein the composition is an 
HMG CoA reductase inhibitor. 

3. The method of claim 2 Wherein the composition is 
selected from the group consisting of lovastatin, simvastatin, 
?uvastatin, pravastatin. atorvastatin, cerivastatin, and com 
pactin. 

4. The method of claim 1 Wherein the composition 
inhibits uptake of dietary cholesterol. 

5. The method of claim 1 Wherein the composition blocks 
or decreases endogenous cholesterol production. 

6. The method of claim 1 Wherein composition increases 
cholesterol metabolism or clearance. 

7. The method of claim 1 Wherein the person carries the 
apolipoprotein E4 gene. 

8. The method of claim 1 Wherein the person has trisomy 
21 (DoWn’s syndrome). 

9. The method of claim 1 Wherein the person carries one 
or more mutations in the genes that encode amyloid [3 
protein. amyloid precursor protein, presenilin-1 or preseni 
lin-2. 

10. The method of claim 1 Wherein the person has a 
family history of AlZheimer’s disease or dementing illness. 
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11. The method of claim 1 wherein the person is a post 
menopausal Woman With high cholesterol. 

12. The method of claim 1 Wherein the person has high 
blood cholesterol levels Who is not obese. 

13. The method of claim 1 Wherein the person is betWeen 
48-65 years of age. 

14. A method for predicting if a person is at risk of 
developing AlZheimer’s Disease comprising 

determining if they have elevated blood levels of choles 
terol. 

15. The method of claim 14 Wherein the level is 200 mg/dl 
or greater. 

16. The method of claim 14 further comprising determin 
ing if the person carries the apolipoprotein E4 gene. 

17. The method of claim 14 further comprising determin 
ing if the person has trisomy 21 (DoWn’s syndrome). 

18. The method of claim 14 further comprising determin 
ing if the person carries one or more mutations in the genes 
that encode amyloid [3 protein, amyloid precursor protein, 
presenilin-1 or presenilin-2. 

19. The method of claim 14 further comprising determin 
ing if the person has a family history of AlZheimer’s disease 
or dementing illness. 

20. The method of claim 14 further comprising determin 
ing if the person is a post menopausal Woman With high 
cholesterol. 

21. A kit for determining if a person is at risk of devel 
oping AlZheimer’s disease comprising reagents for deter 
mining if the blood cholesterol level is in eXcess of 200 
mg/dl. 
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22. The kit of claim 21 further comprising reagents for 
determining at least one of the factors selected from the 
group consisting of the apolipoprotein E4 gene or its prod 
uct, amyloid [3 protein, amyloid precursor protein, preseni 
lin-1, and presenilin-2. 

23. A composition for decreasing the production of AB 
comprising an effective amount of a compound to decrease 
blood cholesterol levels. 

24. The composition of claim 23 comprising an HMG 
CoA reductase inhibitor. 

25. The composition of claim 24 Wherein the inhibitor is 
selected from the group consisting of lovastatin, simvastatin, 
?uvastatin, pravastatin, atorvastatin, cerivastatin, and com 
pactin. 

26. The composition of claim 23 comprising a compound 
Which inhibits uptake of dietary cholesterol. 

27. The composition of claim 23 Wherein the composition 
blocks or decreases endogenous cholesterol production. 

28. The composition of claim 27 Wherein the composition 
comprises an inhibitor of the cholesterol biosynthetic 
enZymes selected from the group consisting of 2,3-oXi 
dosqualene cyclase, squalene synthase, and 7dehydrocho 
lesterol reductase. 

29. The composition of claim 23 Wherein the composition 
is selected from the group consisting of a ?brate, a bile acid 
binding resin, probucol, nicotinic acid, garlic or garlic 
derivative, and psyllium. 


