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Abstract: Background: Genetic polymorphisms in genes regulating cholesterol metabolism have been suggested to risk factor 
of developing Alzheimer’s disease (AD). Objective: to analyze the frequency of polymorphisms apolipoprotein E (APOE-HhaI) 
and adenosine triphosphate binding cassette transporter 1 (ABCA1-StyI) in patients with late-onset AD. Design: case-control 
study. Participants: We studied 166 subjects (≥65 years old): Study Group (SG)- 88 patients and Control Group (CG)- 88 without 
dementia. Setting: The polymorphisms were determined using the polymorphism chain reaction and restriction fragment length 
polymorphism (PCR-RFLP) methods. It was applied Fisher's exact/chi-square tests (P<0.05). Results: Genotypes with APOE*4 
prevailed in SG. The genotypic combination between APOE-HhaI and ABCA1-StyI polymorphisms showed a prevalence of 
heterozygous genotypes of risk for AD. Conclusion: Although genetic variants for ABCA1-StyI alone does not differentiate patients 
and controls, the G allele in synergy with APOE*4 allele is highlighted in patients suggesting the influence of ABCA1 in the disease.  
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Background 

Alzheimer's disease (AD) is the most common form 
of dementia (1), affecting millions of individuals of all 
ethnic groups (2 to 6 million of North-Americans and 
about 1 million Brazilians), with higher incidence in 
Caucasian European descendants than in Japanese and 
black Africans (2).  AD is characterized by deficits in 
short-term memory, language, visuospatial and executive 
functioning, eventually resulting in global cognitive 
impairment, with a mean disease duration of 5–15 years 
(3). Patients with AD present neuropathologic features 
like plaques formed by neurotoxic oligomeric aggregates 
of Ab42 peptide, produced by cleavage of the amyloid-
beta precursor protein by β and γ secretases instead of 
by α secretase (3), and hyperphosphorylated forms of 
Tau protein aggregate into neurofibrillary tangles. The 
probable or possible diagnosis of AD is based on clinical 
criteria and may be supported by reduced amyloid-beta, 
increased total and hyperphosphorylated tau levels in 
the cerebrospinal fluid, hippocampal atrophy, reduced 
metabolism or retention of amyloid on image exams (4, 5).  

Late-onset AD (starting from 65 years of age) 
corresponds to approximately 95% of the total cases, 
is well-defined by age factors as family history, Down 
syndrome and polymorphism of the apolipoprotein E 
(apo E) (2). In addition, there is crescent evidence that 
cholesterol plays an important role in the regulation of 
APP cleavage, held by the enzymes α and β secretase (6), 
besides the role of the APOE*4 allele in lipid metabolism 
(7).

These studies emphasize the critical involvement of 
cholesterol in the production of βA. However, there is 
few research about the mechanism by which cholesterol 
participates in this process. Studies suggest that the 
association between APP and platforms of lipids present 
in the plasma membrane determines the production of 
βA (6). These platforms are characterized as side groups 
of sphingolipids and cholesterol on the membrane (6). 
Together, these components build the platforms that are 
ordered and float in the lipid matrix of the cell membrane. 
Thus, APP is present in two cellular pathways, one 
associated with the platform of lipid in which the βA is 
generated, and other out of platforms, where the APP 
cleavage occurs by the β secretase enzyme (6). Therefore, 
it is possible that those platforms influence the production 
of βA.

Furthermore, genetic variants involved in the 
metabolism of lipoproteins and cholesterol, as well as the 
apoE, associated with receptors, proteins and enzymes 
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have been highlighted as candidates for genetic risk 
factors for AD (8, 9). ApoE acts as a specific ligand for 
receptors such as the LDL receptor or apo B/E and LRP 
(LDL receptor-related protein), allowing the removal 
of particles, carrying them to the liver (10).  APOE gene 
polymorphism was observed by Zannis et al. (11) in 
the form of three main alleles APOE*2, APOE*3 and 
APOE*4, that encode the isoforms of apo E designated by 
apoE2, apoE3 and apoE4. The APOE*4 allele is recognized 
for important role on development of AD, however the 
mechanism by which influences the disease is complex 
and obscure. 

Several members of the ABC transporter superfamily 
form a complex of proteins that regulate homeostasis of 
cholesterol in cells and tissues using ATP to transport 
several molecules across biological membranes (7). The 
ABCs function in AD is relevant, especially for two 
prospects. First, these transporters participate in the efflux 
of excess cellular cholesterol, distributing these lipids 
to molecules that accept extracellular lipids, including 
apoE in the brain (7). We highlight the recognized impact 
of apoE in the deposition or removal of βA, and the 
important role of ABC transporters that mediate the 
transport of apoE affecting the pathogenesis of AD in 
vivo. Furthermore, ABC transporters also participate 
in the regulation of intracellular cholesterol levels. 
Several studies support this hypothesis, using cell 
models, indicating that high intracellular concentration 
of cholesterol increases the amyloidogenic process of 
APP raising the production of βA (7, 12). Moreover, 
depletion of intracellular cholesterol is associated with 
reduced production of βA and tendency for the non-
amyloidogenic process of APP (6).

ABCA1 (adenosine triphosphate binding cassette 
transporter 1) has the primary function of cellular 
cholesterol efflux and apolipoproteins, including apoA-I, 
which acts in the biosynthesis of HDL in the peripheral 
circulation, besides the secretion of apoE in astrocytes 
and microglia (15). In this context, ABCA1 is expressed in 
brain and apoE is the largest lipid acceptor that connects 
the efflux of cholesterol via ABCA1 in the CNS (7, 16, 
17). The gene encoding ABCA1 is located on human 
chromosome 9q22 (18). A polymorphism for ABCA1, 
also known as R219K, promotes a nucleotide substitution 
between G>A in exon 7, resulting in the change from 
lysine to arginine at 219 position, a region in which occurs 
the first extracellular loop of ABCA1 protein. 

Therefore, this study aimed to analyze the allelic and 
genotypic distribution of APOE-Hha I and ABCA1-Sty I 
polymorphisms in patients with late-onset AD; evaluating 
together the alleles, which represents risk, intending to 
identify a subgroup at risk of AD.

Methods

We studied 166 individuals of mixed race (19), over 
age 65, regardless of gender, divided into two groups, 

including Study Group (SG) - 88 patients with late-onset 
AD (76.6 ± 11.8 years and 68% female) and Control Group 
(CG) - 88 elderly patients without dementia (72.3 ± 6.76 
years, 61% female). Patients were treated at the Geriatric 
Neurological Clinic of the Hospital Base of the Sao Jose 
do Rio Preto Medical School HB/FAMERP. The diagnosis 
of AD followed the criteria of service of Neurogeriatrics 
(NINCDS – ADRDA) (4, 5), including neuropsychological 
test  organized according to the protocol used in that 
service and at least one method of neuroimaging 
(computed tomography, magnetic resonance imaging 
cerebral or single photon emission) consistent with the 
diagnosis. Individuals with other possible etiologies for 
dementia were excluded. The control group, including 
elderly people with the same age in group of patients, 
without cognitive impairment, was from support groups, 
held in that institution. This study was established as 
part of a project evaluated and approved by Certificate of 
Appreciation Presentation Ethics (CEP-FAMERP – CAAE: 
0046.0.140.000-08). All subjects signed an informed 
consent form. For genotyping, DNA was extracted from 
peripheral whole blood using a saline precipitation 
method or saling-out (20). 

The APOE-HhaI (rs429358 and rs7412), and ABCA1-
StyI (rs2230806) polymorphisms were determined using 
the polymorphism chain reaction and restriction fragment 
length polymorphism (PCR-RFLP) methods (Mastercycler 
– Eppendorf) with restriction enzymes HhaI and 
StyI, respectively (Fermentas). The PCR solution was 
comprised of 2.5 μL of desoxynucleotide (4mM), 2.5uL of 
dimethylsulfoxide 10%, 2.5 uL of each primer (25mM), 0,2 
uL of Taq polymerase (5U/uL), 11 uL of Milli Q water an 
2.5 uL of diluted genomic DNA (0.25 ug).

For APOE-HhaI polymorphism was amplified 
r e g i o n  o f  t h e  1 1 2  a n d  1 5 8  p o l y m o r p h i c 
codons. In this case, we used the primers P1:5' 
ACAGAATTCGCCGGCCTGGTACAC3' and P2:5' 
TAAGCTTGGCACGGCTGTCCAGCA3'. The initial 
denaturation of DNA was obtained at 94°C for 5 minutes 
and the reaction mixture was then subjected to 40 cycles 
of 94°C for 30 seconds and 65°C for 2 minutes with the 
final cycle at 72°C for 7 minutes (21). The product of 
PCR amplification was subjected to HhaI restriction 
enzyme (5U per reaction tube) in water bath at 37 ° C, 
overnight, to divide the amplified sequences of APOE*2, 
APOE*3 and APOE*4 alleles in specific regions (GCGC), 
separating fragments with 91pb and 83bp (APOE*2), 
91bp and 48pb (APOE*3) and 72bp and 48bp (APOE*4). 
Electrophoresis was performed in 6% polyacrylamide 
non-denatured gel under constant current of 200V for 1 
hour and 30 minutes. As a control we used a sample of 
standard 100bp DNA (Fermentas) (21).

To the ABCA1-Sty I polymorphism, we used these 
primers in PCR: P1: 5'CCTGTCATTGTGCCTTGT-3 
'and P2: 5'-GGATTGGCTTCAGGATGT-3'. The initial 
denaturation was performed at 98°C for 3 minutes, 
followed by 32 cycles of denaturation at 94°C for 45 
seconds, annealing at 58 ° C for 1 minute and 30 seconds 
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and extension at 72°C for 1 minute and 30 seconds, with 
the final cycle at 72°C for 10 minutes. The amplification 
product was subjected to enzymatic restriction for 4 
hours at 37°C with StyI endonuclease. The digested 
DNA samples and a sample of standard DNA (100bp 
ladder - Fermentas Life Sciences) were applied to agarose 
gel 1% and subjected to electrophoresis to identify the 
polymorphisms. For ABCA1-Sty I polymorphism is 
possible to identify fragments with 183 base pairs (bp) (A 
allele) and G allele with fragments of 131 and 112 bp (22).

Biochemcial evaluation consisted of the determination 
of serum concentrations of total cholesterol (TC), low 
density lipoprotein cholesterol (LDLc), high density 
lipoprotein cholesterol (HDLc) and triglycerides (TG) 
using the reference values of the I Brazilian Directives for 
Cardiovascular Disease Prevention (23).  

Statistical Methodology

Fisher's exact test and chi-square (x²) were applied 
in the analysis of allelic and genotypic distributions of 
APOE-HhaI and ABCA1-StyI, as well as in calculations 
of Hardy-Weinberg equilibrium, considering the 
distribution of genotypes for these polymorphisms. The 
t test was applied in the analysis of lipidic profile. It was 
admitted an alpha error of 5%. Statistical Package for 
Social Science 20.0  software (SPSS [Inc. Chicago. IL]).

Results

The APOE*3/3 genotype prevailed in GC (83%) 
compared to SG (62%, P = 0.004), while the mutant 
heterozygous model (APOE*_/4) stands out on patients 
(36% versus CG = 8.5%, P = 0.0001). Thus, the APOE*3 
allele showed a higher frequency in controls (0.90 versus 
SG = 0.80, P = 0.011), while APOE*4 prevailed in SG (0.19 
vs. CG = 0.055, P = 0.0003) (Table 1).

For ABCA1-StyI polymorphism there was similarity in 
allelic and genotypic distribution between the groups (P> 
0.05), highlighting the GG genotype in patients (49%) and 
AG in controls (49%), with prevalence of the G allele in 
both groups (0.66 and 0.61, respectively, p = 0.376, Table 
1).

Table 2 shows the genotypic combination between 
APOE-HhaI polymorphism and ABCA1-StyI. The 
APOE*_/4 + GG genotypes prevailed in patients (20% 
versus GC = 5%, P = 0.0041), as observed for APOE*_/4 + 
_/G (SG = 28% versus GC = 8.5%, P = 0.0021).

It was found Hardy-Weinberg equilibrium for APOE-
HhaI in patients (x²= 0.55; P= 0.50), which did not occur 
in controls (x2= 39.35; P <0.0001). For ABCA1-Sty I the 
Hardy-Weinberg equilibrium was maintained in controls 
(x2= 0.06; P = 0.90), but not in patients (x2= 5.13; P= 
0.025).

The lipid profile was similar between the groups with 
emphasis on increased levels of TC and LDLc in patients 
(207.3±47.8 mg/dL and 120.3±46.5 mg/dL, respectively) 
compared with the control group (187.2±60.2 mg/dL 
and 102.9±51.9mg/dL P=0.014, P=0.022, respectively). 
However, with the exception of TC in patients, lipid 
profile values remained within normal limits (Table 3) 
(23).

Table 1
Genotypic and allelic frequency distribution for 

APOE-Hha-I  and ABCA1-Sty I polymorphisms in 
patients with late-onset Alzheimer's disease (SG) and 
individuals without clinical signs of the disease (CG)

Genotype SG
(N=81)

CG
(N = 82)

P 
Value*

APOE-Hha-I N % N %

APOE*2/2 0 0 0 0 -

APOE*2/3 2 2.5 7 8.5 0.167

APOE*2/4 0 0 0 0 -

APOE*3/3 50 62 68 83 0.004

APOE*3/4 27 33 5 6 <0.0001

APOE*4/4 2 2.5 2 2.5 1.000

Total 81 100 82 100

APOE*_/4 29 36 7 8.5 0.0001

Alleles N Abs. Freq. N Abs. Freq.

APOE*2 2 0.01 7 0.045 0.173

APOE*3 129 0.80 148 0.90 0.011

APOE*4 31 0.19 9 0.055 0.0003

Total 162 1.00 164 1.00

Genotype SG
(N=88)

CG
(N = 88)

 N % N %

AA 15 17 13 15 0.836

AG 30 34 43 49 0.066

GG 43 49 32 36 0.127

Total 88 100 88 100

Alleles N Abs. Freq. N Abs. Freq.

A 60 0.34 69 0.39

G 116 0.66 107 0.61 0.376

Total 176 1.00 176 1.00
*Chi-square or Fisher test; N= number of individuals; Abs. Freq.= absolute 
frequency; ABCA1= adenosine triphosphate binding cassette transporter 1; 
ApoE= apolipoprotein E; P= Level of significance <0.05; SG= study group; CG= 
control group.
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Table 2
Preferential combination between APOE-Hha I and 

ABCA1-Sty I polymorphisms in patients with late-onset 
Alzheimer's disease (SG) and individuals without 

clinical signs of the disease (CG)

Genotype Combinations SG
(N=81)

CG
(N=82)

P Value*

APOE + ABCA1 N % N %

APOE*_/4 + GG 16 20 4 5 0.004

APOE*_/4 + _/G 23 28 7 8,5 0.002

Without APOE*_/4 + GG 23 26 28 34 0.533

Without APOE*_/4 + AA 9 11 13 16 0.511

Without APOE*_/4 + _/G 43 53 62 75,6 0.997

*Chi-square or Fisher test; N= number of individuals; Abs. Freq.= absolute 
frequency; ABCA1= adenosine triphosphate binding cassette transporter 1; 
ApoE= apolipoprotein E; P= Level of significance <0.05; SG= study group; CG= 
control group.

Table 3
Distribution of mean values, standard deviations and 

mean differences for biochemist profile in patients 
with late-onset Alzheimer disease (SG) and individuals 

without clinical signs of disease (Control - CG)

Lipidic Profile mg/dL SG CG *P

M SD M SD

TC 207.3 47.8 187.2 60.2 0.014

HDLc 56.7 19.3 57.0 25.1 0.916

LDLc 120.3 46.5 102.9 51.9 0.022

VLDLc 28.3 13.1 28.5 15.8 0.938

TG 137.0 68.4 138.6 76.6 0.886

t test; *P = significance level P <0.05; TC = total cholesterol, HDLc = 
concentration of high density lipoprotein cholesterol; LDLc = concentration 
of low-density lipoprotein cholesterol; VLDLc = concentration of very low 
density lipoprotein cholesterol; TG = triglycerides; M = Average; SD = standard 
deviation; SE = study group; CG = control group.

Discussion

The present study confirms the association of APOE-
HhaI polymorphism with late onset AD, and suggests 
synergism of APOE*4 allele and G to ABCA1 in the 
metabolism of lipids in individuals with AD. In this 
case, the APOE-HhaI allelic and genotypic distribution 
discriminates patients with high frequency of APOE*4 
allele (0.19) and controls (0.055, P= 0.0007). These results 
are consistent with other studies in Brazilian papers, 
whose frequency of the referred allele ranged from 0.22 
to 0.34, whereas, in control group, the values remained 
between 0.07 and 0.11 (2, 24), and also consistent with 
results of studies with patient populations in Colombia, 
where the values for APOE*4 allele frequency was 
between 0.23 and 0.08 for study and control group, 
respectively (25).  

The ABCA1-StyI polymorphism, however, was not 
associated with late onset AD. The G allele frequency was 

high in this casuistic study with AD (0.66), differing from 
the world's population, including Chinese casuistry (0.48) 
(26), American and Canadian (0.27 for both) (27).

A study by Wavrant-De Vrieze et al. (28) in Spanish 
casuistic sample with AD, showed association between 
R219K polymorphism (ABCA1-StyI) and AD (P = 0.010), 
regardless of the presence of the APOE*4 allele. In 
addition, a sample of 1275 Swedish individuals with AD 
and control 2203 also discloses the influence of R219K 
polymorphism (AB 1.25, CI 1.12 to 1.40, P = 5.9 × 10 5), 
which is linked to G allele, associated with increased 
risk for AD (29). However, there is disagreement among 
authors.

Such polymorphism has been extensively studied 
in relation to risk for AD among other phenotypes, in 
particular those related to cardiovascular disease 
and plasma lipids (29). There is reference to the G 
allele for ABCA1 may amount to 2.77 times the risk 
for AD (12) and this variant can influence levels of 
24S-hydroxycholesterol, which is essential for the transfer 
of cholesterol in blood-brain barrier increasing, thereby, 
the βA42 producing (30).

The present study shows an association between the 
synergism of APOE*_/4 and _/G genotypes and late onset 
AD, corroborating with the study conducted for the first 
time in Hispanic casuistic sample, showing that carriers 
of the APOE*4 allele and G allele for ABCA1 are at risk 
for increased AD by 3.7 times (15). In this case, the G 
allele represents the reduced activity of gene expression 
and thus could modify the risk for AD in synergism with 
allele APOE*4 (28, 29). On the other hand, Wang & Jia (26) 
revealed that the GG genotype for ABCA1 may reduce the 
risk for AD in Chinese sample. However, this association 
was only observed in women (P= 0.016) or individuals 
without the APOE*4 allele (P= 0.010). 

In this context, there is reference of ABCA1 
as a regulator of lipidation and apoE levels in brain. 
Deficiency of ABCA1 leads to loss of approximately 
80% of apoE in the brain and the rest of residual 
apoE is poorly lipidated (17). In this case, studies in 
animal models of AD have shown that apoE poorly 
lipidated increases the amyloid load. This reinforces 
the hypothesis that apoE lipidation by ABCA1 
affects deposition or removal of the amyloid protein, 
contributing to the formation of senile plaques in excess 
(17). Conversely, overexpression of the brain ABCA1 
promotes apoE lipidation and eliminates the formation 
of mature amyloid plaques (17). These studies show 
that the capacity lipidic binding of apoE is the primary 
mechanism to the pathogenesis of AD.

This study highlights the demonstration of synergism 
between APOE and ABCA1, represented by the APOE*4 
and G allele, respectively, with possible impact on the 
risk for late onset AD. The reduced expression of ABCA1 
due to the presence of the G allele, may be compounded 
by low cholesterol efflux of glial cells to neurons due 
to the presence of the APOE*4 allele, which promotes 
the outflow less efficient compared to the APOE*2 and 
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APOE*3 alleles (17). 
Among patients with AD was found that the 

genotype distribution for APOE-HhaI was in agreement 
with Hardy-Weinberg equilibrium, the same was not 
true for the control group, as compared to ABCA1-
Sty I polymorphism in patients, as was also observed 
in some studies of case-control analyzes of different 
genetic polymorphisms (29). The criterion for selecting 
the groups used in this study provided a group of 
older individuals, given that late-onset AD occurs in 
individuals of older age. Thus, the profile of patients, as 
well as the control group does not represent the general 
population by gender and age, which could influence 
the distribution of genotypes between the groups. 
Incidentally, the absence of Hardy-Weinberg equilibrium 
would be expected for a wide range of genetic diseases, 
considering the contribution of genes, though modest, 
for complex diseases. However, considering the large 
number of candidate gene studies in different cases, 
the number of genetic markers in imbalance is scarce. 
In this case, it is possible that researchers disregard the 
distribution of imbalanced genotypes, neglecting valuable 
information to identify casual polymorphisms (30).

Conclusion

The APOE-HhaI polymorphism is associated with late 
onset AD, however, genetic variants in ABCA1-StyI alone 
do not differentiate patients and controls. Furthermore, 
APOE*4 and G alleles in synergism are related to AD. 
Though, studies with more numerous series are needed to 
confirm this combination of genes with AD, as well as its 
influence on lipid metabolism. 
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