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Polymorphisms of APOE and LRP Genes in Brazilian
Individuals With Alzheimer Disease
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Abstract: Alzheimer disease (AD) is the most frequent cause of
dementia in Western countries. Putative genetic risk factors for
AD are polymorphisms in the apolipoprotein E (4POFE) gene
and in the low-density lipoprotein receptor-related protein
(LRP) gene. Our objective was to investigate the role of the
APOE coding region polymorphisms €2, €3, and €4 and APOE
promoter variants A/T at position -491 and G/T at -219, as well
as LRP polymorphism C/T, as risk factors for AD in Brazilian
individuals. One hundred and twenty patients with probable
AD, along with 120 controls were analyzed. A significant
difference between patients and controls for &4 alleles was
observed: frequency of this allele in AD was 0.31, and 0.10 in
controls. Individuals with 2 &4 alleles had a higher risk for AD
than subjects with only 1 such allele; presence of 1 €2 allele
proved protective. The presence of the T allele of the -219
polymorphism was also associated with an increased risk of AD,
but this polymorphism is in linkage disequilibrium with APOE ¢
polymorphisms. No significant differences between patients and
controls were observed for -491 4POE or LRP polymorphisms.
In this Brazilian population, both the &4 allele and T -219
polymorphism were associated with an increased risk for AD.
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Izheimer disease (AD) is the major cause of dementia
in Western countries.!> AD is characterized by
progressive memory deterioration, cognitive decline, and
behavior disturbances. The disease is denominated
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presenile when the onset of symptoms occurs before
65 years of age, and senile when manifestations beyond
this age.3

AD is a multifactorial condition in which genetic
and environmental factors play a role. Several genetic risk
factors for sporadic AD have been studied and the only
factor recognized as a major risk factor is the presence of
the €4 allele on the apolipoprotein E (4POE) gene,**
whereas the €2 allele is considered a protective factor for
the condition.”-® Furthermore, the presence of the ¢4 allele
is linked to earlier and faster cognitive decline.® APOE
is located on chromosome 19 and its coding region is
polymorphic, with 3 commonly recognized alleles: €2, €3,
and €4. The most common allele is the €3, whereas €2 and
&4 are considered variants.'%!!

ApoE is a protein comprising 299 amino acids with
a molecular weight of 34kd.'° In the nervous system,
ApoE is involved in cholesterol mobilization and redis-
tribution as well as myelin maintenance and neuronal
membrane formation and repair.!? It is also important for
membrane remodeling, and is associated with synaptic
plasticity mechanisms.!!-13

There are several hypotheses regarding the role of
ApoE in AD pathophysiology. Presence of the ApoE4
might interfere with B-amyloid (BA) deposition in brain
tissue,'*!> have a regulatory role in neuronal T protein
metabolism,'¢ influence dendritic outgrowth and branch-
ing,!” act in a negative way on the cholinergic system,!®
produce a less efficient antioxidant effect,!® and be
associated with increased low-density lipoprotein choles-
terol levels.?® ApoE2 is believed to have the opposite
effect. It is also possible that other polymorphisms that
cosegregate with APOE & polymorphisms are ultimately
responsible for the increased risk for AD.

In 1998, Bullido et al?! studied the association of
AD with the A/T polymorphism at position -491 of the
APOE promoter region, with the presumption that a
single base substitution in this region of the gene could
produce a significant change in the level of RNA
transcription and, consequently, protein expression.??
This finding would have represented an important
breakthrough, because the simple presence of the €4 allele
is known to be neither sufficient nor necessary to cause
AD. This initial study found an association between AD
and genotype A/A at position -491 and AD, indepen-
dently of the €4 allele. These results were confirmed by
some investigators,?*2* but not by others.?>-2
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Also in 1998, Lambert et al?’ reported that
polymorphism G/T at position -219 of the APOE
promoter, also known as Ty1E47cs, was a risk factor
for AD. They demonstrated that individuals with at least
1 T allele had a higher risk for AD, independently of the
APOEFE genotype. This same group of researchers demon-
strated an increased expression of 4POE mRNA in
heterozygotes -219 G/T with the APOE €3/e4 genotype.®

Supporting the view that the T -219 genotype might
be a risk factor for AD, a study involving 1732 patients
with probable AD and 1926 matched controls, drawn
from 6 different populations, demonstrated a significant
effect of the -219 G/T polymorphism in older age groups
where both results were independent of the &4 allele of the
APOE.? The same authors in a recent publication® have
demonstrated, in the brains of 114 patients with late and
early onset sporadic AD, that the level of BA total and
BA4o was increased in those individuals bearing the -219
TT genotype, compared with GT and GG. In older
subgroups, PA total, BA,y, and BA,, were significantly
increased independent of the coding region APOE
variants, whereas the level of APOE mRNA was also
lowered by 65%. In the same study, no effect of the -491
polymorphism on BA deposition was observed.

Low-density lipoprotein receptor-related protein
(LRP) is the main ApoE receptor in the brain, being
selectively located in neurons and activated astrocytes.’!
LRP is also found in senile plaques, one of the pathologic
hallmarks of AD.

In 1997, Kang et al®? investigated the polymorphism
C/T at position 766 of the LRP gene, and found that the
C/C genotype was associated with increased risk for senile
AD. This finding was subsequently confirmed by some
investigators®3*3* but not by others.?’

It is speculated that the complex BA-ApoE linked to
LRP might represent the initial intracellular amyloid
precursor protein (APP) processing pathway, and that
LRP effects on APP processing are mediated through its
cytoplasmatic domains. When LRP is absent, levels of BA
are much reduced, secondary to a specific reduction in
APP internalization.’®37 Nevertheless, it has been sug-
gested that this genetic marker is in linkage disequilibrium
with a putative nearby AD susceptibility locus.’* In a
recent meta-analysis,*® including 4668 AD patients and
4473 matched controls, investigators found no associa-
tion between the C/T766 LRP gene polymorphism in the
total sample or in senile or presenile subgroups. In
addition, no association between this genotype and brain
levels of BA or T proteins was detected.

The aim of this investigation was to evaluate the
association of AD with certain polymorphisms of
the promoter and coding region of the APOE, and of
the coding region of LRP in a Brazilian population.

METHODS
One hundred and twenty controls and 120 patients
who fulfilled both Diagnostic and Statistical Manual of
Mental Disorders-4th edition criteria®® for dementia and
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National Institute for Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders Asso-
ciation criteria® for probable AD were studied. Patients
and controls were recruited at the Behavioral and
Cognitive Neurology Unit of Hospital das Clinicas, and
all were evaluated by neurologists and neuropsycho-
logists. All individuals or their caregivers signed an
informed consent previously approved by Hospital das
Clinicas Institutional Ethics Commission. Controls were
selected from spouses or nonrelated individuals who
displayed no evidence of neurologic or psychiatric
impairment, or systemic decompensated disease. To
screen for dementia among controls, the Mini-Mental
State Examination and a verbal fluency test were used.
Race was determined according to phenotypic appear-
ance: color of skin, together with hair, nose, and mouth
characteristics.

Genomic DNA was prepared from peripheral
blood using standard procedures.*® Genotyping for
APOE?"*142 and LRP* polymorphisms was performed
according to published protocols. Some modifications
employed to increase efficiency of APOE -219 genotyping
can be supplied upon request.

Statistical studies included analysis of variance,
followed by the Tukey multiple comparison test, when-
ever a statistically significant difference was detected
between groups. Whenever nonhomogeneous variances
were found, Kruskal-Wallis test was used. Associations
among categorical variables were tested by the ¥ test. In
cases where at least 1 of the expected frequencies was
below 5, Fisher exact test was applied. The 95%
confidence intervals (95%CI) of the percentages were
calculated by assuming a binomial distribution.

Logistic regression analysis was performed to
control for age, sex, and race effects and also to test for
interactions between promoter genotypes and APOE
status. We used both the stepwise and the ad hoc methods
to verify which variables were associated with AD.

We used the SPSS 11.0 software for the statistical
analysis, and the R-program 2.4.1 (http://www.r-project.
org/) for the assessment of the linkage disequilibrium.
For all tests, P<0.05 was considered as statistically
significant.

RESULTS

In the patient group, 68.3% were females with
63.3% females in the control group (P = 0.41). Age at
ascertainment was also similar in cases and controls: for
patients, the mean age was 75.2 years (SD = 9.2) and for
controls, 72.5 years (SD = 8.6) (P = 0.26). Mean age of
AD onset was 71.1 years (SD = 9.5). In this sample,
89.2% of patients and 94.2% of controls were whites
(P = 0.16). The distribution of genotypes within patients
group was in Hardy-Weinberg equilibrium.

Sample characteristics are described in Table 1 and
genotypes results are shown in Table 2.

We observed that the frequency of the €4 APOE
allele was approximately 3 times more common in
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TABLE 1. Characteristics of the Sample

Category AD Controls P
Total 120 120
No. individuals
Senile 90 93 >0.05
Presenile 30 27
Sex (%)
Male 31.7 36.7 0.41
Female 68.3 63.3
Race (%)
Whites 89.2 94.2 0.16
Non-whites 10.8 5.8
Age (y) (mean £ SD) 752 +£9.2 72.5 £ 8.6 0.26*
Age of onset (y) (mean + SD) 71.1 £9.5

Levene test P value <0.05.
*Assuming equality of the variances.

patients (0.31) than in controls (0.10) (P < 0.001) and the
presence of the €2 allele was 3 times more frequent in
controls (0.09) than in patients (0.03) (P = 0.005).
Presence of the €4 allele was strongly associated with risk
for AD [odds ratio (OR) = 3.83; 95%CI = 2.27 to 6.50,
P <0.001]. The presence of the €2 allele showed a
protective effect (OR = 0.33; 95%CI = 0.13 to 0.78,
P =0.005).

Presence of T at position -219 of the APOE
promoter region was associated with an increased risk
for AD (OR = 1.52; 95%CI = 1.04 to 2.22, P =0.02),
whereas the presence of G at this same position showed
a protective effect (OR = 0.66; 95%CI = 0.45 to 0.96,
P =0.02).

We were able to demonstrate that alleles -219 T and
€4 are in linkage disequilibrium, with P <0.001
(D’ = 0.50 and r*> = 0.05), whereas the same occurred
with -219 G and €2 APOE alleles, with P <0.013
(D' =0.21 and > = 0.11).

Using logistic regression analysis, we were able to
demonstrate that the presence of the ¢4 APOE allele was
the only risk factor for AD in this sample (OR = 4.35;
95%CI = 2.45 to 7.78, P<0.001). No association was

seen between risk for AD and polymorphism A/T at
position -491 of the A POE promoter region. In addition,
polymorphism C/T 766 of the LRP coding region was not
recognized as a risk factor for AD.

DISCUSSION

Our study has confirmed previous investigations
regarding the association between AD and the presence of
the €4 allele in a dose-dependent manner.*>7-44

Frequency of &2 and &4 alleles is variable among
different populations, and to date, very few studies on this
issue have been performed in Latin America. In our
sample, frequency of the €4 allele among AD patients and
controls (0.31 and 0.10, respectively) were closer to levels
observed in the United States*> and Northern Europe*°
yet higher than those observed in other Latin-American
studies conducted in Brazil,*”*® Argentina,* Venezuela,>®
and Colombia®! (Table 3). These studies included patients
with both probable and possible AD, except in Argentina
whose study included only patients with probable AD,
and also involved much smaller samples than the present
study, with the exception of Venezuela. Furthermore, our
sample might have included more individuals with
European ethnic background than other Latin-American
studies. To our knowledge, no other studies on LRP or
APOE promoter polymorphisms have been conducted in
Latin America. Nevertheless, even though our sample size
is one of the largest ever published in Latin America, it is
still not sufficiently large to provide a definitive result
regarding €2, €3, and &4 allele frequency.

Although the majority of our sample is constituted
by whites, it should be noted that the Brazilian popula-
tion is the result of extensive mixing of whites, Africans,
and Amerindians. Mitochondrial DNA analysis in
Brazilians with white phenotype>? has shown Amerindian
(33%) and African (28%) contributions to be high. On
the other hand, a study of the Y chromosome unique-
event polymorphisms in 200 Brazilian white males
demonstrated that most of the Y chromosomes were of
European origin.>3 These data suggest a strong European

TABLE 2. APOE and LRP Gene Polymorphisms in AD Patients and Controls

Polymorphism Genotype AD, n (%) Controls, n (%) P OR 95%CI
APOE ¢ 2/2 0 4 (3.3) — —

2/3 6 (5.0) 15 (12.5) 0.303 0.59 (0.21; 1.61)

2/4 2(1.7) 0 — —

3/3 53 (44.2) 78 (65.0) Reference —

3/4 46 (38.3) 21 (17.5) <0.001 3.22 (1.73; 6.01)

4/4 13 (10.8) 2(1.7) 0.004 9.57 (2.07; 44.13)

A/A 79 (65.8) 82 (68.3) 0.74 0.91 (0.51; 1.61)
APOE -491 A/T 34 (28.3) 32 (26.7) Reference —

T/T 7 (5.8) 6 (5.0) 0.88 1.09 (0.33; 3.62)

T/T 37 (30.8) 24 (20.0) 0.15 1.56 (0.85; 2.88)
APOE -219 T/G 69 (57.5) 70 (58.3) Reference —

G/G 14 (11.7) 26 (21.7) 0.10 0.55 (0.26; 1.13)

C/C 87 (72.5) 86 (71.7) 0.79 1.08 (0.59; 1.96)
LRP C/T 28 (23.3) 30 (25) Reference —

T/T 5(4.2) 4 (3.3) 0.68 1.34 (0.33; 5.49)
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TABLE 3. Frequency of APOE ¢4 in AD and Controls Among Different Populations

Publications Country AD (n) €4 Frequency Controls (n) &4 Frequency
Souza et al*’ Brazil 68 0.25 58 0.12
Almeida et al*® Brazil 43 0.22 56 0.09
Bahia et al, current study Brazil 120 0.31 120 0.10
Morelli et al* Argentina 45 0.22 45 0.08
Jacquier et al*® Colombia 83 0.23 44 0.07
Molero et al’! Venezuela 121 0.17 1665 0.11
Wang et al*® USA 235 0.30 274 0.11
Adroer et al*® Spain 160 0.29 207 0.06
Lambert et al?’ France 292 0.33 308 0.11

male contribution and a more diverse European, African
and Amerindian matrilineal heritage in the formation of
the Brazilian population.

In line with other studies,”-® the presence of the €2
allele proved a protective factor for AD.

The presence of at least 1 T at position -219 of the
APOE promoter region was associated with increased
risk for AD, whereas the presence of the G allele showed
a protective effect. Our results are in agreement with those
of Lambert et al,?*3% which showed an association of
increased risk for AD and polymorphism — 291 T, but we
were unable to demonstrate that this risk was indepen-
dent of APOE¢e4. Indeed, our results suggested that — 291
T is in linkage disequilibrium with A POEe4, and — 291G
with APOFEg2.

We did not find any relationship between -491
APOE polymorphism and risk for AD. This result is in
agreement with several other published studies, despite
slight effect of the -491 A/T polymorphism on risk for
AD, independent of the €4 allele, having been demon-
strated in a meta-analysis.*’

The C/T766 LRP polymorphism is a silent nucleo-
tide substitution, without RNA processing or amino acid
sequence changes. Akin to several other investiga-
tors,3383% we were unable to detect a relationship
between AD and the polymorphism C/T 766 of the
LRP gene in our sample.

In conclusion, we were able to demonstrate that in
the Brazilian population, frequency of the €4 allele among
AD patients is similar to that observed in Northern
European countries and the United States. We also
demonstrated that €4 is in linkage disequilibrium with
T -219 APOE promoter polymorphism, but we could not
distinguish the isolated effect of €4 and T -219 as risk
factors for AD.

ACKNOWLEDGMENT
The authors thank Raphael Nishimura for statistical
analysis.

REFERENCES
1. Fratiglioni L, Launer LJ, Andersen K, et al. Incidence of dementia
and major subtypes in Europe: a collaborative study of population-
based cohorts. Neurologic diseases in the elderly research group.
Neurology. 2000;54(11 suppl 5):S10-S15.

64

10.

11.

16.

17.

18.

. Herrera E Jr, Caramelli P, Nitrini R, et al. Epidemiology survey of

dementia in a community-dwelling Brazilian population. A/z Dis
Assoc Disord. 2002;16:103-108.

. McKhann G, Drachman D, Folstein M. Clinical diagnosis of

Alzheimer’s disease: report of the NINCDS/ADRDA workgroup
under the auspices of the Department of Health and Human
Services Task Force on Alzheimer’s disease. Neurology. 1984;34:
939-944.

. Strittmatter WJ, Saunders AM, Schemechel D. Apolipoprotein E:

high-avidity binding to B-amyloid and increased frequency of type 4
allele in late onset familial Alzheimer disease. Proc Natl Acad Sci
U S A. 1993;90:1977-1981.

. Tilley L, Morgan K, Kalsheker N. Genetic risk in Alzheimer’s

disease. J Clin Pathol Mol Pathol. 1998;51:293-304.

. Raygani AV, Zahrai M, Doosti M, et al. Association between

apolipoprotein E polymorphism and Alzheimer disease in Tehran,
Iran. Neurosci Lett. 2005;375:1-6.

. Panza F, Solfrizzi V, Torres F, et al. Apolipoprotein E in Southern

Italy: protective effect of €2 allele in early- and late-onset sporadic
Alzheimer’s disease. Neurosci Lett. 2000;292:79-82.

. Lee G, Pollard HB, Arispe N. Annexin 5 and apolipoprotein E2

protect against Alzheimer’s amyloid-beta-peptide cytotoxicity by
competitive inhibition at a common phosphatidyl serine interac-
tionsite. Peptides. 2002;23:1249-1263.

. Martins CAR, Oulhaj A, Jager CA, et al. APOE alleles predict the

rate of cognitive decline in Alzheimer disease. A nonlinear model.
Neurology. 2005;65:1888-1893.

Utermann G, Pruin G, Steinmetz A. Polymorphism of apolipo-
protein E. III. Effect of a single polymorphic gene locus on plasma
lipid levels in man. Clin Genet. 1979;15:37-62.

Chou CY, Yin YL, Huang YC, et al. Structural variation in human
apolipoprotein E3 and E4: secondary structure, tertiary structure,
and size distribution. Biophys J. 2005;88:455-466.

. Ignatius MJ, Gebicke-Harter PJ, Skene JHP, et al. Expression of

apolipoprotein E during nerve degeneration and regeneration. Proc
Natl Acad Sci U S A. 1986;83:1125-1129.

. Poirier J, Baccichet A, Dea D, et al. Cholesterol synthesis and

lipoprotein reuptake during synaptic remodelling in hippocampus in
adult rats. Neuroscience. 1993;55:81-90.

. McNamara MJ, Gomez-Isla T, Hyman BT. Apolipoprotein E

genotype and deposits of AB40 and AB42 in Alzheimer disease. Arch
Neurol. 1998;55:1001-1004.

. Holtzman DM, Fagan AM, Mackey B, et al. Apolipoprotein E

facilitates neurotic and cerebrovascular plaque formation in an
Alzheimer’s disease model. Ann Neurol. 2000;47:739-747.

Huang Y, Liu XQ, Wyss-Coray T, et al. Apolipoprotein E
fragments present in Alzheimer’s disease brains induce neurofibril-
lary tangle-like intracellular inclusions in neurons. Proc Natl Acad
Sci U S A. 2001,98:8838-8843.

Nathan BP, Bellosta S, Sanan DA, et al. Differencial effects of
apolipoprotein E E3 and E4 on neuronal growth in vitro. Science.
1994;264:850-852.

Allen SJ, MacGowan SH, Tyler S, et al. Reduced cholinergic
function in normal and Alzheimer’s disease brain is associated with
apolipoprotein E4 genotype. Neurosci Lett. 1997;239:33-36.

© 2008 Lippincott Williams & Wilkins



Alzheimer Dis Assoc Disord * Volume 22, Number 1, January—March 2008

Polymorphisms of APOE and LRP Genes
in Alzheimer Disease

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Miyata M, Smith JD. Apolipoprotein E allele-specific antioxidant
activity and effects on cytotoxicity by oxidatie insults and B-amyloid
peptides. Nat Genet. 1996;14:55-61.

Davignon J, Gregg RE, Sing CF. Apolipoprotein E polymorphism
and atherosclerosis. Artherosclerosis. 1988;8:1-21.

Bullido MJ, Artiga MJ, Recuero M, et al. A polymorphism in the
regulatory region of APOE associated with risk for Alzheimer’s
dementia. Nat Genet. 1998;18:69-71.

Angoti E, Mele E, Constanzo F, et al. A polymorphism (G—A
transition) in the —78 position of the apolipoprotein A-I promoter
increases transcription efficiency. J Biol Chem. 1994;269:
17371-17374.

Artiga MJ, Bullido MJ, Sastre I, et al. Allelic polymorphism in the
transcriptional regulatory region of apoliprotein E gene. FEBS Lett.
1998;421:105-108.

Ahmed ARH, MacGowan SH, Culpan D, et al. The 491A/T
polymorphism of the apolipoprotein E gene is associated with the
APOE ¢4 allele and Alzheimer’s disease. Neurosci Lett. 1999;263:
217-219.

Thome J, Gewirtz JC, Sakai N, et al. Polymorphisms of the human
apolipoprotein E promoter and bleomycin hydrolase gene: risk
factors for Alzheimer’s disease dementia? Neurosci Lett. 1999;274:
37-40.

Rocks G, Cruts M, Bullido MJ, et al. The 491 A/T polymorphism
in the regulatory region of the apolipoprotein E gene and early-onset
Alzheimer’s disease. Neurosci Lett. 1998;258:65-68.

Lambert JC, Pasquier F, Cottel D, et al. A new polymorphism in the
APOE promoter associated with risk of developing Alzheimer’s
disease. Hum Mol Gen. 1998;7:533-540.

Lambert JC, Berr C, Pasquier F, et al. Pronounced impact of
Th1E47cs mutation compared with —491 AT mutation on neural
APOE gene expression and risk of developing Alzheimer’s disease.
Hum Mol Gen. 1998;7:1511-1516.

Lambert JC, Araria-Goumidi L, Myllykangas L, et al. Contribution
of APOE promoter polymorphisms to Alzheimer’s disease risk.
Neurology. 2002;59:59—66.

Lambert JC, Mann D, Richard F, et al. Is there a relation between
APOE expression and brain amyloid load in Alzheimer’s disease?
J Neurol Neurosurg Psychiatry. 2005;76:928-933.

Beisiegel U, Weber W, Ihrke G, et al. The LDL Receptor-related
protein, LRP, is a Apolipoprotein E-binding protein. Nature.
1989;341:162-164.

Kang DE, Saitoh T, Chen X, et al. Genetic association of the low
density lipoprotein receptor-related protein gene (LRP), a apolipo-
protein E receptor, with late-onset Alzheimer’s disease. Neurology.
1997;49:56-61.

Baum L, Chen L, Ho-Keung NG, et al. Low density lipoprotein
receptor related protein gene exon 3 polymorphism association
with Alzheimer’s disease in Chinese. Neurosci Lett. 1998;244:
65-68.

Lambert JC, Vrieze FW, Amouyel P, et al. Association at LRP gene
locus with sporadic late-onset Alzheimer’s disease. Lancet. 1998;351:
1787-1788.

Mcllroy SP, Dynan KB, Vahidassr DJ, et al. Common polymorph-
ism in LRP and A2M do not affect genetic risk for Alzheimer disease
in Northern Ireland. Am J Med Genet. 2001;105:502-506.

Pietrzik CU, Busse T, Merriam DE, et al. The cytoplasmatic domain
of the LDL receptor-related protein regulates multiple steps in APP
processing. EMBO J. 2002;21:5691-5700.

© 2008 Lippincott Williams & Wilkins

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Qiu S, Korwek KM, Weeber EJ. A fresh look at an ancient receptor
family: emerging roles for low density lipoprotein receptors in
synaptic plasticity and memory formation. Neurobiol Learn Mem.
2006;85:16-29.

Pritchard A, Harris J, Pritchard CW, et al. Association study and
meta-analysis of low-density lipoprotein receptor related protein in
Alzheimer’s disease. Neurosci Lett. 2005;382:221-226.

American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders: DSMIV. 4th ed. Washington DC: American
Psychiatric Association; 1984:139-143.

Miller AS, Dykes DD, Polesky HF. A simple salting out procedure
for extracting DNA from human nucleates cells. Nucleic Ac Res.
1988;16:1215.

Hixson JE, Vernier DT. Restriction isotyping of human apolipo-
protein E by gene amplification and cleavage with Hhal. J Lipid Res.
1990;31:545-548.

Helisalmi S, Hiltunen M, Valonen P, et al. Promoter polymorphism
(491 A/T) in the APOE gene of Finnish Alzheimer’s disease
patients and control individuals. J Neurol. 1999;246:821-824.
Hollenbach E, Ackermann S, Hyman BT, et al. Confirmation of an
association between a polymorphism in exon 3 of the low density
lipoprotein receptor-related protein gene and Alzheimer’s disease.
Neurology. 1998;50:1905-1907.

Clair DS, Rennie M, Slorach E, et al. Apolipoprotein E &4 allele is
a risk factor for familial and sporadic presenile Alzheimer’s disease
in both homozygote and heterozygote carriers. J Med Genet.
1995;32:642-644.

Wang JC, Kwon JM, Shah P, et al. Effect of APOE genotype and
promoter polymorphism on risk of Alzheimer’s disease. Neurology.
2000;55:1644-1649.

Adroer R, Santacruz P, Blesa R, et al. Apolipoprotein allele
frequency in Spanish Alzheimer and control cases. Neurosci Lett.
1995;189:182-186.

Souza DRS, De Godoy MR, Hotta J, et al. Association of
apolipoprotein E polymorphism in late-onset Alzheimer’s disease
and vascular dementia in Brazilians. Braz J Med Biol Res.
2003;36:919-923.

Almeida OP, Shimokomaki CM. Apolipoprotein E4 and Alzhei-
mer’s disease in Sdo Paulo-Brazil. Arq Neuropsiquiatr. 1997;55:1-7.
Morelli L, Leoni J, Castano EM, et al. Apolipoprotein E
polymorphism and late onset Alzheimer’s disease in Argentina.
J Neurol Neurosurg Psychiatry. 1996;61:426-427.

Jacquier M, Arango D, Villareal E, et al. ApoE €4 and Alzheimer
disease. Positive association in a Colombian Clinical series and
review of the Latin-American studies. Arqg Neuropsiquiatr. 2001;59:
11-17.

Molero AE, Pino-Ramirez G, Maestre GE. Modulation by age and
gender of risk for Alzheimer’s disease and vascular dementia associated
with the apolipoprotein E-g4 allele in Latin Americans: findings from
the Maracaibo Aging Study. Neurosci Lett. 2001;307:5-8.
Alves-Silva J, Silva Santos M, Guimaraes PE, et al. The ancestry of
Brazilian mtDNA lineages. Am J Hum Genet. 2000;67:441-461.
Carvalho-Silva DR, Santos FR, Rocha J, et al. The Phylogeography
of Brazilian Y-chromosome lineages. Am J Hum Genet. 2001;68:
281-286.

Fallin D, Kundtz A, Town T, et al. No association between the low
density lipoprotein receptor-related protein (LRP) gene and late-
onset Alzheimer’s disease in a community-based sample. Neurosci
Lett. 1997;233:145-147.

65



