
senile plaques have been observed in brain of AD patients [7]. Furthermore, 
monocytes derived from elderly individuals show defective TLR signaling 
and decreases in relative TLR1 and TLR4 expression [8]. TLR2 and TLR4 
have been implicated in AD pathogenesis. A functional deficiency of either 
receptors results in an increased deposits of Aβ and reduced phagocytic 
clearance [5]. Specifically, TLR4 has been associated with microglia 
activation, neurotoxicity and Aβ signaling. The investigations suggest that 
TLR4 play a dual role in the pathogenesis of AD. On the one hand, the TLRs 
are neuroprotective due to their contribution in the clearance of amyloid β. 
On the other hand, the inflammatory responses triggered by TLR4, through 

A specific group of these receptors include the Toll-like receptors (TLRs). 
Toll like receptors belong to I transmembrane receptor family involved in 
the initial recognition of pathogens through specific pathogen-associated 
molecular patterns (PAMP) receptors. The activation of TLRs triggers 
different signaling pathways, leading to the production of proinflammatory 
cytokines, reactive oxygen and nitrogen species [6]. Microglias express TLRs 
1 to 9 and most of these receptors have been associated with its activation and 
neurotoxicity [2]. A characteristic in normal aging and in AD patients is an 
increase in innate immune receptors expression in the brain, such as TLRs. 
Particularly, high levels of CD14 (co-receptor for TLR4) in parenchymal 
microglia of the frontal and occipital cortex, hippocampus, and around the 

3PMF�PG�UIF�5-3��ST��������1PMZNPSQIJTN�JO�UIF�%FWFMPQNFOU�PG�-BUF�
POTFU�"M[IFJNFS�%JTFBTF�BOE�JUT�3FMBUJPOTIJQ�XJUI�"10&��
Romero R, Salazar Alcalá E, Cedeño N and Fernández-Mestre M*
Laboratorio de Fisiopatología, Centro de Medicina Experimental, Instituto Venezolano de Investigaciones Científicas, Caracas, Venezuela

 Abstract
Objective: Based on that the association of the ε4 allele of the APOE gene with the development of late-onset 

AD is one of the strongest and that TLR4 has been involved in AD pathogenesis. The aim of the present work was 
to study the role of rs4986791 polymorphism of the TLR4 gene in the development of AD and correlate any such 
association with the presence of allele ε4 of the APOE gene. 

Methods: We included 161 unrelated Venezuelan subjects classified as either AD patients (n=61) or healthy individuals 
(n=100). Polymorphisms of TLR4 and APOE genes were identified with PCR-SSP and PCR-RFLP, respectively. 

Results: The rs4986791 polymorphism does not appear to be related to AD, although the presence of the CC 
genotype and the C allele apparently confers three times higher risk of developing AD. Finally, positive and negative 
associations among the combinations TLR4 /APOE genes and AD were observed. 

Conclusion: The results suggest the absence of any association between rs4986791 polymorphism of TLR4 
gene and susceptibility to AD and the association of the ε4 allele of the APOE gene with the development of this 
pathology was confirmed. 
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change in the amino acid sequence: +896A/G (rs4986790) and +1196C/T 
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with those previously reported in the literature. A first study showed that 
the 299Gly allele of the TLR4 gene may be associated with a decreased 
risk of late-onset AD in an Italian population sample, and this effect 
was independent of the APOE e4 status [18]. Other studies showed a 
strong association between TLR4 polymorphisms and late-onset AD 
risk, especially among ApoE e4 non-carriers [19,20]. However, the 
mechanisms by which the polymorphisms in the TLR4 gene could 
affect susceptibility to late-onset AD remain to be determined. In 
consequence future investigations should be focused on understanding 
the role of TLR4 genetic variants in neurodegenerative processes.

Allelic and genotypic frequencies of the APOE gene in healthy 
individuals and patients with Alzheimer disease

The distribution of the APOE allele and genotype frequencies in 
controls) and AD patients shows three common alleles (APOE*2, 
APOE*3 and APOE*4). The APOE*3 allele was the most frequent allele 
in both groups studied. However, the APOE*4 allele frequency was 
significantly higher in patients with AD than in healthy individuals 
(37.7 % vs. 14.5% respectively, OR: 3.57, 95% CI: 2.0849-6.1093; p: 

0.000001, pc: 0.000003) (Table 2). In addition, five APOE genotypes 
were identified in patients and four in controls. A comparison of 
the frequencies of genotypes between AD and controls showed a 
significantly increased frequency of the ε3/ε4 (40.98% versus 21%, OR: 
2.61; 95% CI: 1.2955-5.2677; p: 0.003, pc: 0.015) and ε4/ε4 (16.4% vs. 
4%, OR: 4.7; 95% CI: 1.4058-15.7522; p: 0.008, pc: 0.04) genotypes in 
AD patients versus healthy individuals. Likewise, a significantly lower 
frequency of the ε2/ε3 (1.64% vs. 15%, OR: 0.094, 95% CI: 0.0121-
0.7343, p: 0.003, pc: 0.012) and ε3/ε3 (39.34% vs. 60%, OR: 0.43, CI 
95%: 0.2255-0.8292, p: 0.005, pc: 0.02) genotypes were recorded in 
patients versus controls (Table 2). Numerous studies have confirmed 
that the ε4 allele is the strongest genetic risk factor for sporadic AD. As 
compared to individuals with no ε4 alleles, the increased risk for AD is 
approximately is 2-3 fold in people with one ε4 allele and about 12-fold 
in those with two ε4 alleles [20,21]. There are a variety of mechanisms 
by which apoE isoform may influence risk for AD. Evidence indicates 
that the apoE isoforms differentially affect Aβ aggregation and clearance 
in the brain. However, other mechanisms likely to play a role in the 
ability of apoE to influence CNS (Central Nervous System) function 

Genotypes APOE AD
(n=61)

Control
(n=100)

OR
95% CI p

ε2/ε3 1.64 (1) 15 (15) 0.094
(0.0121-0.7343) 0.003

ε2/ε4 1.64 (1) 0 4.98
(0.1998-124.2621) ns

ε3/ε3 39.34 (24) 60 (60) 0.43
(0.2255-0.8292) 0.005

ε3/ε4 40.98 (25) 21 (21) 2.61
(1.2955-5.2677) 0.003

ε4/ε4 16.4 (10) 4 (4) 4.7
(1.4058-15.7522) 0.008

Alleles
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as well as AD. These mechanisms include effects on synaptic plasticity, 
cell signaling, lipid transport and metabolism, and neuroinflammation 
[22]. 

Study of the combined effect of polymorphism in TLR4 and 
APOE genes

There of the 12 possible combinations of TLR4/APOE, seven were 
observed in both groups. The combinations CC/ε3ε4 (OR: 2.6; 95% 
CI: 1.2757-5.2766; p: 0.003; pc: 0.021) and CC/ε4ε4 (OR: 4.7; 95% CI: 
1.4058-15.7522; p: 0.008, pc: 0.05) were significantly more common in 
AD patients than in controls (associations positive). We must point out 
that some genotype combinations were more common in the control 
group: CC/ε2ε3 (OR: 0.11, 95% CI: 0.0142-0.8753, p: 0.009, pc: not 
significant) and CC/ε3
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