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A b s t r a c t

The only well confi rmed genetic risk factor for sporadic Alzheimer’s disease (AD) is the possession of apolipoprotein E 
(APOE) ε4 allele. As it contributes to 40-70% of AD cases, a large proportion of genetic variance may be determined 
by additional loci. 
Our aim was to estimate how reported genetic factors (APOE, NOS3, MTHFR) interact to increase the risk for AD 
and combine them with environmental factors (homocysteine, vitamin B

12
, cholesterol). Genotyping was performed 

in 154 AD patients and 176 healthy controls. Levels of homocysteine, vitamin B
12

 and cholesterol were assessed in 
subgroups of 100 AD patients and 100 controls.
We found a diff erence in APOE ε4 and NOS3 G/G distribution between groups (p<0.005). Plasma total homocysteine 
was increased and vitamin B

12
 decreased in AD patients (p<0.001). The infl uence of APOE ε4 and NOS3 G alleles on 

the risk of AD was independent of homocysteine, vitamin B
12

 levels and MTHFR status.
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Introduction

Alzheimer’s disease (AD) is a progressive neuro-
degenerative disorder with complex pathogenesis 
[2]. Among genetic factors that contribute to the de-
velopment of the late-onset form of Alzheimer’s di-
sease, apolipoprotein E (APOE) polymorphism is the 
most important one. The association between the 
disease and the APOE ε4 allele was fi rst reported in 
1993 and strongly supported later [3,33,37]. The APOE 
ε4 allele increases the risk of AD in a dose -related 

fashion and is associated with about 40-70% of la-
te-onset cases. Nevertheless, APOE genotyping does 
not provide suffi  cient sensitivity or specifi city to be 
used alone as a diagnostic test for AD. This explains 
the attempts to identify other genetic and environ-
mental factors associated with Alzheimer’s disease 
[32]. Potential candidates may be: genes encoding 
endothelial nitric oxide synthase (NOS3 gene) and 
methylenetetrahydrofolate reductase (MTHFR gene), 
increased homocysteine levels, decreased levels of 
vitamin B12 or increased cholesterol levels.
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Endothelial isoform of nitric oxide synthase is invo-
lved in regulation of vascular tone and blood pressure, 
but also in the processes of learning and memory by 
generation of nitric oxide (NO), as retrograde messen-
ger, during long-term potentiation [29]. NO may aff ect 
many other physiological processes such as oxidative 
phosphorylation in mitochondria, oxidative stress, in-
fl ammatory reaction and apoptosis. Moreover, NOS3 
is an important regulator of iNOS (and likely other ge-
nes) expression in vivo [7]. Many variants have been 
detected in the NOS3 gene and its promoter; however, 
the only common variation leading to amino acid sub-
stitution is 894 G/T or Glu298Asp. It has been repor-
ted that the possession of NOS3 gene G/G genotype 
of common 894 G/T polymorphism is associated with 
an increased risk for AD [9,15,41]. Other studies have 
shown negative results [8,16,26]. 

5,10-methylenetetrahydrofolate reductase (MT-
HFR) is a major enzyme involved in folate-dependent 
regulation of homocysteine concentrations in hu-
mans. There are several diff erent MTHFR mutations 
that cause severe homocystinuria or moderate or 
mild hyperhomocysteinaemia. The MTHFR gene has 
been mapped to chromosome 1p36.3 [14]. The most 
frequent mutation of the MTHFR gene 677C/T, rende-
ring the MTHFR enzyme thermolabile, is linked to mo-
derate hyperhomocysteinaemia [12]. Homocysteine 
levels correlate inversely with cognitive performance 
[10]. It has been postulated that hyperhomocysteina-
emia elevates the risk of mild cognitive impairment 
and dementia of both vascular and Alzheimer type 
[4,40]. The most recent study showed that an increase 
in plasma homocysteine is an independent risk factor 
for the development of AD [34].

An association between AD and low concentration 
of vitamin B12 in serum and CSF has been described 
[19]. Some data suggest that high intake of vitamin 
B12 is related to a low risk of AD. It has been recently 
demonstrated that B vitamins may effi  ciently decre-
ase the plasma level of Aβ40 and thus have a role in 
the prevention of AD [11]. However, no association has 
been found between risk of developing Alzheimer’s 
disease and vitamin B12 intake [27].

Cholesterol is a factor possessing direct impli-
cations for AD. It has been shown that animals fed 
a diet supplemented with 2% cholesterol contained 
an increased load of Aβ in the brain cortex and hip-
pocampus [35]. It has been suggested that choleste-
rol-lowering drugs that inhibit ACAT1 (acyl-coenzyme 
a: cholesterol acyltransferase 1) could inhibit gamma-
secretase [18]. Recently, it was proposed that impaired 

brain cholesterol dynamics is the cause of Alzheimer’s 
disease [22].

The aim of this study was to estimate the asso-
ciation of previously reported genetic factors (APOE, 
NOS3 894 G/T, MTHFR 677C/T) with levels of chole-
sterol, vitamin B12 and homocysteine in Alzheimer’s 
disease. The design of the study was case-control in 
all factors with the exception of cholesterol.

Material and Methods

All human studies have been approved by the ap-
propriate ethics committee and have been performed 
in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki. All persons gave 
their informed consent prior to their inclusion in the 
study. The AD group consisted of 154 patients (F-102, 
M-52, mean age of onset = 71.5±4.67) recruited from 
the Department of Neurodegenerative Disorders at 
the Mossakowski Medical Research Centre in Warsaw. 
In all AD patients the disease was diagnosed as pro-
bable according to the NINCDS-ADRDA criteria. All of 
them were examined by a neurologist, a neuropsycho-
logist (evaluation in MMSE, Global Deterioration Sca-
le, Alzheimer’s Disease Assessment Scale – cognitive 
subscale (ADAS-cog) and Blessed Dementia Rating 
Scale) and a psychiatrist. In addition, a CT scan with 
assessment of hippocampal fi ssure was obtained for 
each patient. The control group consisted of 176 non-
demented people (F-120, M-56, mean age = 72.7±6.23; 
MMSE score > 27). Blood samples were taken after ob-
taining written consent from the patient or his/her re-
presentative. DNA was isolated from leukocytes using 
standard protocols. APOE, NOS3 894 G/T and MTHFR 
677C/T genotyping was done using a method of re-
striction genotyping described by [6,9,12].

Total fasting homocysteine concentrations in blo-
od plasma were measured with a fl uorescence po-
larization assay (Abbott IMx Homocysteine Assay), 
and plasma vitamin B

12 by immunoassay. Reference 
ranges are from 4 to 12 μmol/L for homocysteine and 
157-1059 pg/ml for vitamin B12. Homocysteine and vi-
tamin B12 were assessed in subgroups of subjects: 
100 patients with AD and 100 controls. 

Statistical analysis

Chi-square test and Kruskal-Wallis rank sum test 
were used in statistical analysis. Statistica 6.0 was 
used for the statistical analysis.
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Results

The frequencies of APOE ε4, ε3 and ε2 alleles 
were 0.31, 0.65, 0.04 in the AD group and 0.11, 0.84, 
0.05 in the control group, respectively (Table I). The-
re was a highly signifi cant overrepresentation of the 
APOE ε4 allele in AD patients compared with controls 
(χ2 test, p<0.005). Our study revealed an increased 
frequency of ε4/4 genotype in AD patients (9% vs. 
2%, p=0.017). Also APOE ε3/4 genotype frequency 
was increased in the AD group (p<0.005). Genotype 
APOE ε3/3 was found more often in the control group 
compared to the AD one.

Frequencies of NOS3 genotypes G/G, G/T and T/T 
in the AD group were: 0.69: 0.25: 0.06 (Table II). In 
the control group those frequencies were: 0.56: 0.35: 
0.09, respectively. Genotype G/G was signifi cantly 
more frequent in the AD group than in the control 
group (χ2 test, p=0.024), and the “G” allele was also 

signifi cantly overrepresented in the AD group (χ2 test, 
p=0.025).

There were no signifi cant diff erences in the fre-
quencies of the MTHFR alleles and genotypes among 
AD and cognitively intact elderly people. Frequencies 
of MTHFR genotypes C/C, C/T and T/T in the AD gro-
up were: 0.51: 0.38: 0.11. In the control group those 
frequencies were: 0.55: 0.38: 0.07, respectively.

The mean plasma total homocysteine levels were 
signifi cantly higher in patients with AD (17.5±7.7 
μmol/l) than in controls (14.4±4.5 μmol/l) (p<0.0001) 
and vitamin B12 levels were signifi cantly lower in AD 
patients (312.1±129.2 pg/ml) in comparison to con-
trols (413.8±242.5 pg/ml) (p=0.0006) (Table III). Lipids 
(total cholesterol, LDL cholesterol, HDL cholesterol 
and triglycerides) were assessed only in a subgroup 
of 100 AD patients. The mean total cholesterol was 
slightly higher than the reference range in this group. 
There was no correlation between the severity of the 
disease and the level of cholesterol.

Table I. Frequencies of APOE alleles and genotypes

APOE ε2 ε3 ε4 ε 2/2 ε 2/3 ε 2/4 ε 3/3 ε 3/4 ε 4/4

AD 
N=154

0.04 0.65 0.31* 0
(0%)

6
(4%)

5
(3.2%)

61
(39.6%)

73*
(47.4%)

9***
(5.8%)

Controls
N=176

0.05 0.84 0.11 0
(0%)

16
(9.1%)

3
(1.7%)

124**
(70.5%)

31
(17.6%)

2
(1.1%)

* p<0.005; ** p<0.05, *** p=0.017.

Table II. Frequencies of NOS3 894 G/T alleles and genotypes

NOS3 G allele T allele G/G G/T T/T

AD 
N=154

0.81* 0.19 106*
(68.8%)

38
(24.7%)

10
(6.5%)

Controls
N=176

0.74 0.26 100
(56.8%)

60
(34.1%)

16
(9.1%)

* p=0.025.

Table III. Plasma levels of homocysteine, vitamin B12 and lipids in AD and controls

AD patients Control Group Reference range

N 100 100

Homocysteine 17.5±7.7 14.4±4.5* 4-12 μmol/l

Vit. B12 312.1±129.2 413.8±242.5** 157-1059 pg/ml

Total cholesterol 209.9±34.4 nd 150-200 mg/dl

LDL cholesterol 131±30. 9 nd 100-129 mg/dl

HDL cholesterol 55.7±14.4 nd >45 mg/dl

Triglycerides 109±59.7 nd 60-150 mg/dl

p<0.0001,  ** p=0.0006, nd – not determined. Results are expressed in mean ± SD.
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Discussion

Our results demonstrate a highly signifi cant dif-
ference in APOE ε4 and NOS3 G/G distribution be-
tween healthy controls and AD patients. Moreover, 
plasma total homocysteine was increased and vita-
min B12 decreased in AD patients. The eff ect of APOE 
4 and NOS3 G alleles on the risk of AD was indepen-
dent of homocysteine, vitamin B12 levels and MTHFR 
polymorphism.

Many studies have confi rmed that presence of 
the APOE ε4 allele is the most important genetic risk 
factor for late-onset AD [3,33,37]. Its frequency in 
AD patients ranges between 0.32 and 0.42; while in 
normal individuals this frequency is estimated as be-
tween 0.13 and 0.17. However, some ethnic variations 
in genotypic risk have been reported. The results of 
our study were consistent with those performed on 
Caucasian populations and revealed a statistically si-
gnifi cant increase of APOE ε4 frequencies in the AD 
group compared to controls. 

Our data suggest an association of NOS3 894 
G/G genotype with AD. The signifi cance of NOS3 
polymorphism in AD remains controversial. The po-
lymorphism of codon 894 G/T is the only common 
polymorphism leading to amino acid substitution in 
mature protein, in which substitution of guanine by 
thymine results in the exchange of aspartate against 
glutamate at position 298 [17]. The impact of this 
mutation on gene expression or enzyme catalytic 
activity remains controversial. The Glu298Asp poly-
morphism is located on the surface of the protein 
structure, far from the active site or the dimerization 
interface [5]. These data suggest that the Glu/Glu ge-
notype exerts its eff ect by a mechanism not related 
to synthase of nitric oxide. Analysis of recombinant 
protein eNOS Asp298 and Glu298 indicates that the-
re is no diff erence in catalytic function  [13]. However, 
in the cell NOS3 is regulated by a variety of mecha-
nisms. The eff ect of Glu298Asp on the NOS3 activa-
tion process has never been studied, but it was ob-
served that substitution of Glu at codon 298 by Asp 
increases susceptibility to cleavage of this protein 
[39]. Moreover, the impact of this polymorphism on 
blood fl ow was demonstrated, which suggests that 
NO availability may be altered [28]. 

The analysis of the G allele-related risk of late on-
set AD development in diff erent populations has gi-
ven both positive and negative results [9,8,15,16,26]. 
Our previous analysis also did not confi rm that there 

is a genetic association between 894 G/T polymor-
phism of NOS3 and the risk of AD [38]. However, the 
previous analysis was performed on a small group 
of patients and could be underpowered. In a recent 
study by Wang et al. [41] conducted on 338 AD pa-
tients and 378 controls in China, the association of 
the NOS3 894G/G genotype with AD was dependent 
on the APOE ε4 status, and the risk was increased 
only in APOE ε4 noncarriers. We did not fi nd a similar 
interaction between the examined polymorphisms in 
Polish patients.

As demonstrated recently, signifi cant diversity 
between association studies is frequent, and may 
be explained by bias or genuine population diversi-
ty [20]. Genetic association studies require cautio-
us replication, and subsequent meta-analysis may 
detect previously unrevealed diversity, enabling the 
evaluation of interfering eff ects in further studies. 
Analysis of genetic associations including subgroup 
eff ects requires large numbers of subjects [20].

The association between total homocysteine le-
vel in plasma and AD found in our study was con-
sistent with previous case-control and longitudinal 
prospective studies [1,24,30,34]. The data presented 
in this study are an extension of our previously de-
scribed case-control study [31]. 

 In some countries, but not in Poland, the fortifi -
cation of food with folic acid has been started. It may 
have an eff ect on homocysteine levels and cognitive 
performance in the elderly population, but has to be 
evaluated in longer perspective. So far there is no 
evidence suggesting that food enrichment with folic 
acid and vitamins B12 and B6 may repair the cognitive 
impairment seen in AD [23,25]. It has even been re-
ported that increased vitamin B complex intake did 
not improve cognitive function in elderly patients 
with vascular lesions [36]. This may indicate that 
neuronal and synaptic damage is diffi  cult to restore 
and maybe anti-hyperhomocysteinaemia interven-
tions should be started early in the disease process. 
Anti-hyperhomocysteinaemia treatment seems to 
be a preventive rather than curative strategy in AD, 
and middle-age subjects (45-55 years old) should be 
included as a target population in clinical trials.

The data presented in our study indicate that 
a highly signifi cant diff erence exists in APOE ε4 and 
NOS3 G/G distribution in AD patients and healthy 
controls. The infl uence of the APOE 4 and NOS3 G 
alleles on the risk of AD was independent of homo-
cysteine, vitamin B12 levels and MTHFR status.



Folia Neuropathologica 2008; 46/4 253

Risk factors for Alzheimer’s disease 

Acknowledgments
The research was supported by grants PBZ-MIN-

001/PO5/16 from the Ministry of Education and 
Science, Warsaw, Poland. DR was supported by AFL.

References

1. Anello G, Guéant-Rodríguez RM, Bosco P, Guéant JL, Romano A, 
Namour B, Spada R, Caraci F, Pourié G, Daval JL, Ferri R. Homocy-
steine and methylenetetrahydrofolate reductase polymorphism 
in Alzheimer’s disease. Neuroreport 2004; 15: 859-861.

2. Armstrong RA. Plaques and tangles and the pathogenesis of Al-
zheimer’s disease. Folia Neuropathol 2006; 44: 1-11.

3. Blacker D, Haines JL, Rodes L, Terwedow H, Go RC, Harrell LE, 
Perry RT, Bassett SS, Chase G, Meyers D, Albert MS, Tanzi R. 
ApoE-4 and age at onset of Alzheimer’s disease: the NIMH ge-
netics initiative. Neurology 1997; 48: 139-147.

4. Bottiglieri T. Folate, vitamin B12, and neuropsychiatric disorders. 
Nutr Rev 1996; 54: 382-390.

5. Casas JP, Cavalleri GL, Bautista LE, Smeeth L, Humphries SE, 
Hingorani AD. Endothelial nitric oxide synthase gene polymor-
phisms and cardiovascular disease: a HuGE review. Am J Epide-
miol 2006; 164: 921-935.

6. Chapman J, Estupiñan J, Asherov A, Goldfarb LG. A simple and 
effi  cient method for apolipoprotein E genotype determination. 
Neurology 1996; 46: 1484-1485. 

7. Connelly L, Madhani M, Hobbs AJ. Resistance to endotoxic shock 
in endothelial nitric-oxide synthase (eNOS) knock-out mice: 
a pro-infl ammatory role for eNOS-derived no in vivo. J Biol Chem 
2005; 280: 10040-10046.

8. Crawford F, Freeman M, Abdullah L, Schinka J, Gold M, Duara R, 
Mullan M. No association between the NOS3 codon 298 poly-
morphism and Alzheimer’s disease in a sample from the United 
States. Ann Neurol 2000; 47: 687. 

9. Dahiyat M, Cumming A, Harrington C, Wischik C, Xuereb J, 
Corrigan F, Breen G, Shaw D, St Clair D. Association between 
Alzheimer’s disease and the NOS3 gene. Ann Neurol 1999; 46: 
664-667. 

10. Duthie SJ, Whalley LJ, Collins AR, Leaper S, Berger K, Deary IJ. 
Homocysteine, B vitamin status, and cognitive function in the 
elderly. Am J Clin Nutr 2002; 75: 908-913.

11. Flicker L, Martins RN, Thomas J, Acres J, Taddei K, Vasikaran SD, 
Norman P, Jamrozik K, Almeida OP. B-vitamins reduce plasma 
levels of beta amyloid. Neurobiol Aging 2008; 29: 303-305. 

12. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews 
RG, Boers GJ, den Heijer M, Kluijtmans LA, van den Heuvel LP et 
al. A candidate genetic risk factor for vascular disease: a com-
mon mutation in methylenetetrahydrofolate reductase. Nat Ge-
net 1995; 10: 111-113.

13. Golser R, Gorren AC, Mayer B, Schmidt K. Functional characte-
rization of Glu298Asp mutant human endothelial nitric oxide 
synthase purifi ed from a yeast expression system. Nitric Oxide 
2003; 8: 7-14. 

14. Goyette P, Sumner JS, Milos R, Duncan AM, Rosenblatt DS, Mat-
thews RG, Rozen R. Human methylenetetrahydrofolate reducta-
se: isolation of cDNA, mapping and mutation identifi cation. Nat 
Genet 1994; 7: 195-200. 

15. Guidi I, Galimberti D, Venturelli E, Lovati C, Del Bo R, Fenoglio C, 
Gatti A, Dominici R, Galbiati S, Virgilio R, Pomati S, Comi GP, Ma-
riani C, Forloni G, Bresolin N, Scarpini E. Infl uence of the Glu298-
Asp polymorphism of NOS3 on age at onset and homocysteine 
levels in AD patients. Neurobiol Aging 2005; 26: 789-794. 

16. Higuchi S, Ohta S, Matsushita S, Matsui T, Yuzuriha T, Urakami 
K, Arai H. NOS3 polymorphism not associated with Alzheimer’s 
disease in Japanese. Ann Neurol 2000; 8: 685.

17. Hingorani AD, Liang CF, Fatibene J, Lyon A, Monteith S, Parsons 
A, Haydock S, Hopper RV, Stephens NG, O’Shaughnessy KM, 
Brown MJ. A common variant of the endothelial nitric oxide syn-
thase (Glu298-->Asp) is a major risk factor for coronary artery 
disease in the UK. Circulation 1999; 100: 1515-1520.

18. Hutter-Paier B, Huttunen HJ, Puglielli L, Eckman CB, Kim DY, Hof-
meister A, Moir RD, Domnitz SB, Frosch MP, Windisch M, Kovacs 
DM. The ACAT inhibitor CP-113,818 markedly reduces amyloid 
pathology in a mouse model of Alzheimer’s disease. Neuron 
2004; 44: 227-238. 

19. Ikeda T, Furukawa Y, Mashimoto S, Takahashi K, Yamada M. Vi-
tamin B12 levels in serum and cerebrospinal fl uid of people with 
Alzheimer’s disease. Acta Psychiatr Scand 1990; 82: 327-329.

20. Ioannidis JP, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG. 
Replication validity of genetic association studies. Nat Genet 
2001; 29: 306-309. 

21. Ioannidis JP, Trikalinos TA, Ntzani EE, Contopoulos-Ioannidis DG. 
Genetic associations in large versus small studies: an empirical 
assessment. Lancet 2003; 361: 567-571. 

22. Koudinov AR, Koudinova NV. Cholesterol homeostasis failure as 
a unifying cause of synaptic degeneration. J Neurol Sci 2005; 
229-230: 233-240. 

23. Lonn E, Yusuf S, Arnold MJ, Sheridan P, Pogue J, Micks M, McQu-
een MJ, Probstfi eld J, Fodor G, Held C, Genest J Jr; Heart Outco-
mes Prevention Evaluation (HOPE) 2 Investigators. Homocyste-
ine lowering with folic acid and B vitamins in vascular disease. 
N Engl J Med 2006; 354: 1567-1577.

24. Luchsinger JA, Tang MX, Shea S, Miller J, Green R, Mayeux R. 
Plasma homocysteine levels and risk of Alzheimer disease. Neu-
rology 2004; 62: 1972-1976.

25. Malouf M, Grimley EJ, Areosa SA. Folic acid with or without vi-
tamin B12 for cognition and dementia. Cochrane Database Syst 
Rev 2003; 4: CD004514.

26. Monastero R, Cefalù AB, Camarda C, Buglino CM, Mannino M, 
Barbagallo CM, Lopez G, Camarda LK, Travali S, Camarda R, Aver-
na MR. No association between Glu298Asp endothelial nitric 
oxide synthase polymorphism and Italian sporadic Alzheimer’s 
disease. Neurosci Lett 2003; 341: 229-232.

27. Morris MC, Evans DA, Schneider JA, Tangney CC, Bienias JL, Aggar-
wal NT. Dietary folate and vitamins B-12 and B-6 not associated with 
incident Alzheimer’s disease. J Alzheimers Dis 2006; 9: 435-443.

28. Naber CK, Baumgart D, Altmann C, Siff ert W, Erbel R, Heusch 
G. eNOS 894T allele and coronary blood fl ow at rest and during 
adenosine-induced hyperemia. Am J Physiol Heart Circ Physiol 
2001; 281: H1908-H1912. 

29. O’Dell TJ, Huang PL, Dawson TM, Dinerman JL, Snyder SH, Kan-
del ER, Fishman MC. Endothelial NOS and the blockade of LTP 
by NOS inhibitors in mice lacking neuronal NOS. Science 1994; 
265: 542-546. 



254 Folia Neuropathologica 2008; 46/4

Maria Styczyñska, Joanna B. Strosznajder, Dorota Religa, Ma³gorzata Chodakowska-¯ebrowska, Anna Pfeff er, Tomasz Gabryelewicz, 
Grzegorz A. Czapski, Ma³gorzata Kobryœ, Gytis Karciauskas, Maria Barcikowska

30. Ravaglia G, Forti P, Maioli F, Martelli M, Servadei L, Brunetti N, 
Porcellini E, Licastro F. Homocysteine and folate as risk factors 
for dementia and Alzheimer disease. Am J Clin Nutr 2005; 82: 
636-643. 

31. Religa D, Styczynska M, Peplonska B, Gabryelewicz T, Pfeff er A, 
Chodakowska M, Luczywek E, Wasiak B, Stepien K, Golebiowski 
M, Winblad B, Barcikowska M. Homocysteine, apolipoproteine 
E and methylenetetrahydrofolate reductase in Alzheimer’s di-
sease and mild cognitive impairment. Dement Geriatr Cogn Di-
sord 2003; 16: 64-70.

32. Saarela MS, Lehtimaki T, Rinne JO, Huhtala H, Rontu R, Hervo-
nen A, Roytta M, Ahonen JP, Mattila KM. No association betwe-
en the brain-derived neurotrophic factor 196 G>A or 270 C>T 
polymorphisms and Alzheimer’s or Parkinson’s disease. Folia 
Neuropathol 2006; 44: 12-16.

33. Schmechel DE, Saunders AM, Strittmatter WJ, Crain BJ, Hulette 
CM, Joo SH, Pericak-Vance MA, Goldgaber D, Roses AD. Increased 
amyloid beta-peptide deposition in cerebral cortex as a consequ-
ence of apolipoprotein E genotype in late-onset Alzheimer dise-
ase. Proc Natl Acad Sci U S A 1993; 90: 9649-9653.

34. Seshadri S, Beiser A, Selhub J, Jacques PF, Rosenberg IH, D’Ago-
stino RB, Wilson PW, Wolf PA. Plasma homocysteine as a risk 
factor for dementia and Alzheimer’s disease. N Engl J Med 2002; 
346: 476-483. 

35. Sparks DL, Scheff  SW, Hunsaker JC 3rd, Liu H, Landers T, Gross 
DR. Induction of Alzheimer-like beta-amyloid immunoreactivi-
ty in the brains of rabbits with dietary cholesterol. Exp Neurol 
1994; 126: 88-94.

36. Stott DJ, MacIntosh G, Lowe GD, Rumley A, McMahon AD, Lan-
ghorne P, Tait RC, O’Reilly DS, Spilg EG, MacDonald JB, MacFar-
lane PW, Westendorp RG. Randomized controlled trial of homo-
cysteine-lowering vitamin treatment in elderly patients with 
vascular disease. Am J Clin Nutr 2005; 82: 1320-1326.

37. Strittmatter WJ, Saunders AM, Schmechel D, Pericak-Vance M, 
Enghild J, Salvesen GS, Roses AD. Apolipoprotein E: high-avidity 
binding to beta-amyloid and increased frequency of type 4 al-
lele in late-onset familial Alzheimer disease. Proc Natl Acad Sci 
U S A 1993; 90: 1977-1981.

38. Styczynska M, Religa D, Pfeff er A, Luczywek E, Wasiak B, Sty-
czynski G, Peplonska B, Gabryelewicz T, Golebiowski M, Kobrys 
M, Barcikowska M. Simultaneous analysis of fi ve genetic risk 
factors in Polish patients with Alzheimer’s disease. Neurosci 
Lett 2003; 344: 99-102.

39. Tesauro M, Thompson WC, Rogliani P, Qi L, Chaudhary PP, Moss 
J. Intracellular processing of endothelial nitric oxide synthase 
isoforms associated with diff erences in severity of cardiopulmo-
nary diseases: cleavage of proteins with aspartate vs. glutamate 
at position 298. Proc Natl Acad Sci U S A 2000; 97: 2832-2835.

40. Ventura P, Panini R, Verlato C, Scarpetta G, Salvioli G. Hyperho-
mocysteinemia and related factors in 600 hospitalized elderly 
subjects. Metabolism 2001; 50: 1466-1471.

41. Wang B, Tan S, Yang Z, Xie YC, Wang J, Zhou S, Li S, Zheng C, Ma 
X. Association between Alzheimer’s disease and the NOS3 gene 
Glu298Asp polymorphism in Chinese. J Mol Neurosci 2008; 
34: 173-176.


