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Alzheimer’s disease (AD) is the most common cause of cognitive dementia, 

demonstrated by a progressive decline in cognitive function and memory. 

AD has no current curative treatments in overcoming the underlying 

pathology of the disease, although palliative treatments are available. This 

paper reviews the potential mechanism of the ApoA-I mimetic peptide for 

the prevention and treatment of cognitive impairment induced by 

hyperlipidemia and AD. Projected mechanisms suggest the peptide may: 1) 

reduce inflammation and wall thickness in small arteries and 2) prevent 

synaptic and neuronal loss induced by immune system response. 

Considering ‘Western diet’ (42% fat, 0.15% cholesterol)-induced cognitive 

dysfunction and the underlying pathogenesis of AD, targeting vascular 

pathology and immune response may prove to be clinically effective in 

treating AD and hyperlipidemia-induced cognitive dysfunction. 
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INTRODUCTION:

Dementia is a major public health 

concern. Alzheimer’s disease (AD) is the 

leading cause of cognitive dementia, 

demonstrated by memory loss and progressive 

decline in cognitive and functional impairment 

[1]. The global prevalence of AD is estimated 

to be as high as 24 million and is predicted to 

double every 20 years until 2040, imposing a 

large economic burden on the healthcare 

system worldwide [1]. The U.S. Food and Drug 
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Administration has approved several 

medications for the management of AD 

symptoms, however, there are no effective 

medications for reversal or treatment of 

underlying pathogenesis of the disease [2]. 

Conversely, lifestyle interventions such as 

exercise have been shown to benefit cognitive 

function [3]. Investigators in the past have 

mainly focused on decreasing the level of 

amyloid-βeta (Aβ) as a treatment target for AD, 

but unfortunately, no compounds have 

produced meaningful results [4]. Targeting 

inflammation in treating AD has recently 

attracted more interest [5-7].  

Based on current knowledge of 

underlying AD pathogenesis, targeting immune 

system response and vascular pathology may 

be clinically effective [8-10]. According to 

recent data published by Cui et al, Buga et al, 

and Handattu et al, the HDL mimetic peptide 

D-4Fhas been effective in reducing 

inflammation in neurovascular pathways, as 

well as preventing synaptic and neuronal loss 

induced by innate immune response[11-13]. 

Furthermore, investigations by Handattu et al 

suggest ApoA-I mimetic peptides have 

therapeutic potential in a variety of diseases 

affecting very small arterial vessels, including 

AD [12, 13]. The usage of D-4F, therefore, 

appears to be a novel and realistic route for AD 

treatment. This article aims to review potential 

mechanisms wherein ApoA-I mimetic peptides 

may ameliorate cognitive impairment induced 

by hyperlipidemia, with a focus on vascular 

pathology and immune-driven neuro-

inflammation. 

The inflammation hypothesis in AD and 

Western diet-induced cognitive dysfunction 

AD is characterized by the aggregation 

of distinctive lesions throughout the brain 

parenchyma, which are caused by protein 

misfolding. These lesions include senile 

plaques (an extracellular amyloid-β (Aβ) 

deposit), neurofibrillary tangles (predominantly 

composed of hyperphosphorylated tau protein), 

and cerebroamyloid angiopathy (deposition of 

Aβ within the arterial walls) [14]. For the last 

two decades, the “amyloid hypothesis” has 

been looked to as the main factor in AD 

pathogenesis. New data published has 

demonstrated that inflammation via vascular 

pathways and immune system responses may 

contribute to AD pathogenesis [15, 16]. 

Though neuroinflammation is postulated to 

contribute, the nature of this inflammatory 

pathogenic influence is not well understood, 

specifically in the spectrum of macro 

phagocytic microglial cell action.  

Studies in mouse models indicate that 

inflammation affects blood vessels, which is 

similarly modeled in atherosclerosis and 

coronary heart disease [17, 18]. Buga et al 

showed that administering a high-fat Western 

diet (42% fat, 0.15% cholesterol)to low-density 

lipoprotein (LDL) deficient mice (LDLR−/−) 

causes endothelial dysfunction and LDL, 

monocyte, and macrophage accumulation in 

very small arteries such as brain arterioles, 

eventually leading to arterial thickening and 

dysfunction[12]. This result is similarly 

observed in large arteries such as coronary 

arteries and the aorta, demonstrated in studies 

by Breslow and Schiller at al[19, 20]. Ou et al 

furthermore demonstrated that administering 

apolipoprotein A-I (ApoA-I) mimetic peptide 

D-4F markedly reduced lipid accumulation in 

arteries and significantly reduced facial arterial 

wall thickening [21]. D-4F’s action in reducing 

pro-inflammatory lipids is likely the 

mechanism through which D-4F significantly 

reduces lesions in mouse models with 

atherosclerosis [2]. This may also explain why 

D-4F reduces inflammation after viral 

infections.[22, 23]. 

High cholesterol levels are reported to 

be a prognostic risk factor for 

neurodegenerative diseases, particularly AD 

[24], as cholesterol levels may modulate Aβ 

formation and aggregation in the brain [25-29]. 

D-4F’s ability to reduce hyperlipidemia-

induced inflammation both in large arteries, 

such as the aorta and in small arteries, such as 

facial arteries, has been shown in animal 

models [21, 30, 31]. Buga et al[12] reported the 
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ability of D-4F to reduce hyperlipidemia-

induced inflammation of brain arterioles; this 

was the first example of D-4F action in very 

small vessels. 

The innate immune system, the primary 

line of defense that acts as the initial 

immunological response in the brain, is 

strongly implicated in the pathogenesis of AD 

[32]. Microglial cells, the resident macrophages 

of the brain, survey for pathogens and support 

the central nervous system (CNS) homeostasis 

and plasticity in a healthy brain [33]. The 

microglial cells play an essential role in 

removing Aβ in various ways [34]but it is now 

evident that their function in neurological 

diseases is more complex [34]. Namely, the 

enhanced activity of microglial cells is reported 

to contribute to neuronal cell death and drive 

AD pathogenesis [8, 35]. 

The protein aggregates in AD are 

associated with neuroinflammation, including 

activation of complement pathways, increased 

cytokine production, and microgliosis [36-39]. 

Because the inflammatory response is a series 

of destructive and rebuilding processes in the 

brain, the balance between these processes 

determines if the immune process is 

detrimental or beneficial [38, 40, 41]. Such 

insights suggest novel potential therapeutic 

targets for the treatment of AD and ‘Western 

diet’-induced cognitive dysfunction through 

modulation of the immune response. 

ApoA-I mimetic peptides 

For over a quarter of a century, 

apolipoprotein mimetic peptides, which are 

short synthetic peptides that share structural 

and biological features of native 

apolipoproteins, have been studied as potential 

therapeutic agents[42].  ApoA-I, the main 

protein component of high-density lipoproteins 

(HDL), has proven to be an effective 

compound in the treatment of vascular 

conditions such as atherosclerosis and 

endothelial dysfunction[2, 43, 44]. ApoA-I 

mimetic peptide is shown to enhance HDL 

protective capacity and decrease LDL-induced 

monocyte chemotactic activity. Additionally, it 

has been established to exhibit anti-

inflammatory and antioxidant properties that 

reduce inflammation in animal models [2, 45-

47]. In recent years, in addition to 

atherosclerosis, apolipoprotein mimetic 

peptides have shown to be beneficial in various 

disease models such as AD, asthma, cancer, 

colitis, insulin resistance, sickle cell disease, 

and endotoxemia [48-50]. It is currently 

unclear whether a common mechanism of 

action is responsible for their effectiveness in 

these different diseases; however, the anti-

inflammatory properties of these peptides could 

certainly play a role [48, 51]. 

Navab et al. have formulated and tested 

mimetic peptides containing two to eight 

phenylalanines (2F to 8F) in the investigation 

of their anti-inflammatory properties regarding 

lipid vascular pathology [2, 43-45]. Peptide 

nomenclature indicates the number of 

phenylalanines on the hydrophobic face, which 

contributes to differing anti-inflammatory 

properties as phenylalanine residues render 

hydrophobicity and increase hydrophobic 

action [2]. The peptide may be used as a lipid-

carrier with its hydrophobic face, effectively 

reducing inflammation by picking up oxidized 

lipids to decrease inflammatory LDL and 

improve the anti-inflammatory properties of 

HDL[2, 43-47, 52]. Figure 1 displays the 

sequences of 4F and 6F peptides. The helical 

wheel structure of ApoA-I mimetic peptide is 

shown in Figure 2. 

D-4Fpeptide and ApoA-I protein 

(postulated to possess eight tandem repeating 

22mer sequences) may be considered examples 

of class A amphipathic helical structures (93). 

The D-4F peptide is the most studied 

apolipoprotein mimetic peptide [52]. It is 

commonly referred to as L-4F if made with the 

L-amino acids and D-4F if made with D-amino 

acids. D-4F, an18-amino acid peptide, mimics 

the tertiary structure of the main protein 

component of HDL, apolipoprotein A-I, and is 

easily absorbed without liver toxicity [11]. A 

potential advantage of D-4F peptide is that is 

resistant to proteolysis because it contains all 
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D-amino acids. Thus, gut peptidases cannot 

recognize it in the same way as naturally 

occurring proteins that are composed of L-

amino acids. D-4F is therefore not degraded in 

the gut and is additionally orally bioavailable 

[43, 53]. The ApoA-I mimetic peptide D-4F 

showed promise in early human trials [53], 

however, due to the potential of long-term 

tissue accumulation, its clinical development 

has been halted [54]. L-4F would not have this 

potential problem. Niclosamide, a tineacide in 

the anthelmintic family used to treat 

tapeworms, in combination with L-4F appears 

to be a promising method for oral delivery of 

this peptide[55]. The impacts of D-4F and L-4F 

on biomarkers and lesion areas were 

comparable in cholesterol-fed rabbits when 

administered by subcutaneous (SC) 

injection[56]. Hence, clinical trial studies of L-

4F administered to humans by either SC 

injection (ClinicalTrials.gov number, 

NCT00907998) or intravascular (IV) infusion 

(ClinicalTrials.gov number, NCT00568594) 

were initiated to assess the HDL anti-

inflammatory effects of ApoA-I mimetic 

peptides [54]. 

Neuroinflammation and neurodegenerative 

disease 

Heneka et al. [35]discussed the pivotal 

role of the innate immune system in 

neurodegenerative diseases. Misfolded proteins 

throughout the brain divert resting microglia to 

become activated microglial cells. These cells 

secrete a wide range of inflammatory factors, 

including Th1 cytokines such as IL-6, 

Interferon γ (INF-γ), tumor necrosis factor 

TNF-α, IL1β, chemokines such as macrophage 

inflammatory protein 1α (MIP-1α), monocyte 

chemotactic protein 1 (MCP-1), along with 

secreting reactive oxygen species and 

complement species such as C1q, C3, C4 and 

C9 [38]. Sustained exposure of neurons to pro-

inflammatory mediators such as these 

eventually lead to neuronal damage in structure 

and function, ultimately ending in cell death 

[8]. 

4F peptide and modulation in the innate 

immune system  

D-4F and its stereoisomer L-4F most 

likely influence multiple pathways in the cells. 

It has been suggested that serum levels of HDL 

are not increased by D-4F oral administration 

but that HDL function is enhanced.D-4F does 

increase pre-beta HDL formation, efflux of 

cholesterol, and conversion of dysfunctional 

pro-inflammatory HDL to functional anti-

inflammatory HDL[57-59]. D-4F also alters the 

particle size distribution and metabolism of 

HDL [60]. Buga et al. previously proposed a 

role of inflammation and the innate immune 

system in Western diet-induced 

neuroinflammation. Feeding a Western diet 

provided to (LDLR−/−) mice resulted in a 

marked increase in the number of microglia 

within arterioles which was statistically 

significant and was prevented in mice on a 

supplemental D-4F diet (p=0.01) [12]. Active 

D-4F was effective in this respect while 

scrambled D-4F peptide (a control inactive 

peptide with the same D-amino acids in 

scrambled order which contributes no specific 

hydrophobic face and no lipid-binding) did not 

affect. One potential mechanism of action 

forD-4F might be triggering the innate immune 

system. We suggest that D-4F reduces neuronal 

damage by affecting the number and the 

function of CNS-resident and/or blood-derived 

innate immune cells. The schematic view of 

this concept is shown in Figure 3. 

D-4Fpeptide reduces MCP-1 and MIP-1α 

expression in vascular and non-vascular 

brain cells 

In hyperlipidemia, LDL phospholipids 

and fatty acids in the artery walls undergo 

oxidation in inflammatory pressure, which 

induces chemotactic factors including MCP-1, 

a regulator of monocyte migration from the 

bloodstream across the vascular endothelium 

[61]. Monocytes, in turn, can oxidize LDL 

lipids, thus generating a cycle. The increase in 

MCP-1 levels and macrophages in the brain is 

similar to the inflammatory changes observed 

in the kidney and the aorta after feeding a 
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Western diet to LDLR−/−mice, which is shown 

to be decreased by D-4F therapy [62, 63]. It has 

been reported that even during human fetal life, 

large arteries including the aorta contain 

macrophages in their walls [33].  

Inflammation affects large and small 

arteries, as well as arterioles that range from 

10-100 micrometers in diameter [64]. MCP-1 

and MIP-1α are both found in atherosclerotic 

lesions of mouse models [65]. In cultured 

human arterial cell walls, oxidized lipids, such 

as the products of arachidonic acid oxidation, 

induce LDL to stimulate the release of the 

chemokines MIP-1α and MCP-1. These factors 

are inactivated by the HDL-associated 

antioxidant enzyme paraoxonase and are 

removed or inactivated by ApoA-I or normal 

HDL [44, 66]. These oxidized phospholipids 

also inhibit several HDL-associated antioxidant 

enzymes [2]. The ApoA-I peptides, D-4F and 

L-4F, have four to six times higher affinity for 

oxidized and oxidizable lipids in comparison 

with native ApoA-I [67], but not for native 

lipids, and removes oxidized lipids from 

oxidized lipoproteins [2]. Following the 

removal of the oxidized lipids, HDL associated 

antioxidant enzymes are reactivated [2]. After 

oral administration in mice, the ApoA-I 

peptides have been shown to improve the 

ability of HDL to inhibit LDL-induced 

production of MCP-1 by human aortic 

endothelial cells [30, 43, 45, 55, 56, 67, 68]. 

In mice placed on a Western diet, the 

inflammatory markers such as MCP-1 and 

MIP-1α are found to be elevated. MCP-1 was 

shown to be markedly reduced upon treatment 

with active D-4F, but not scrambled D-4F 

(p=0.001) [62]. The chemokine receptors 

expressed by mature neurons have been 

suggested to regulate neuronal survival and 

synaptic transmission [69, 70]. Therefore, it is 

possible that chemokine signaling in the brain 

has functions beyond a role in 

neuroinflammation. Interestingly, F4/80 

immunostaining was only reduced by D-4F in 

arterioles. It is therefore suggested that 

arterioles can be regarded as centers of 

hyperlipidemia-induced inflammation, from 

which soluble chemokines can spread to 

adjacent nonvascular cells and induce 

dysfunction; this concept is novel, and still 

undergoing further research. The spread of 

chemokines from brain arterioles to adjacent 

nonvascular brain cells can also be considered 

to play a partial role in observed cognitive 

changes, as seen by Buga and colleagues [12]. 

The vascular hypothesis of AD 

The amyloid-beta(Aβ)peptides of 36–43 

amino acids are crucially important 

contributing factors in AD pathogenesis[71, 

72]. However, AD pathology is not limited to 

the distribution of amyloid plaques and 

neurofibrillary tangles. The vascular hypothesis 

of AD, first proposed by de la Torre et al. [73] 

in 1993suggests that pathogenesis commences 

with hypoperfusion or reduced cerebral blood 

flow. This, in turn, results in a crisis among 

non-vascular brain cells (neurons and glia), 

eventually culminating in neurodegeneration 

and cognitive impairment[74]. This concept 

has become a rich source of interdisciplinary 

research involving primarily the brain and 

cardiovascular system since 1993 [75-79]. 

There is ample evidence indicating that 

vascular risk factors cause blood-brain barrier 

(BBB) dysfunction and a reduction in blood 

flow to the brain, initiating a cascade of events 

that precede cognitive decline and dementia 

[16, 80, 81]. The earliest stages of AD involve 

oxidation-induced inflammatory damage to 

small blood vessels involved in the BBB [4, 82, 

83]. Vascular aging, arterial stiffness, and 

endothelial dysfunction leading to BBB 

dysfunction impairing several protective 

mechanisms in the brain and subsequently 

ending in neuronal damages and dementia [15, 

83]. Recent studies have shown that more than 

30% of AD cases exhibit vascular pathology 

[84]. Figure 4 demonstrates the overlap that 

exists between AD and vascular diseases, in 

tandem with Aβ deposition and brain atrophy. 

There is a growing body of evidence 

that vascular risk factors including 

hyperlipidemia, obesity, diabetes, and 
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hypertension lead to vascular disease and 

endothelial dysfunction [22, 85]. These 

changes result in BBB dysfunction and 

reduction in blood flow, leading to reduced Aβ 

clearance. Vascular injuries also induce Aβ 

production from the Aβ precursor protein 

(APP). These factors cause the accumulation of 

Aβ in the neurovasculature and brain tissue 

[16]. Conversely, hypoperfusion contributes to 

the accumulation of toxic substances that 

increase the risk of neurodegeneration (non-Aβ 

pathway). Accumulation of Aβ and/or 

hypoperfusion can lead to 

hyperphosphorylation of tau (p-tau), inducing 

neurofibrillary tangle formation that ultimately 

contributes to neuronal dysfunction, 

accelerated cell death, and dementia [4, 16, 85]. 

Figure 5 shows hypothesized pathways of 

decreased cognitive dysfunction in AD 

originating from cerebrovascular disorder. 

D-4F ameliorates Western diet-induced 

increases in brain arterial wall thickness   

In a recent study, we reported that brain 

arteriole wall thickness in LDLR−/− mice was 

greater when compared to wild-type mice, and 

further thickening was observed in LDLR−/− 

mice on a Western diet. Western diet-induced 

increase in arterial wall thickness was 

additionally reduced by treatment with active 

D-4F[12]. Additionally, smooth muscle α actin 

was markedly increased in arteriolar walls, 

which was subsequently reduced in the group 

receiving active D-4F, but not in the group 

treated with scrambled D-4F. Our finding of a 

positive linear correlation between wall 

thickness and the number of microglia per 

arteriole indicates microglia directly 

contributes to wall thickness[12]. However, 

although highly significant (P< 0.0001), the 

correlation (r = 0.65 and r2 = 0.42) suggests 

that only 42% of the variation in wall thickness 

is explained by the number of microglia per 

arteriole, and other factors must have been 

involved in determining arterial wall thickness. 

Wall thickness increases with increasing vessel 

size; however, vessel diameter was not a factor 

in this study since all arterioles studied had the 

same internal luminal diameter [12]. The 

increased arterial wall thickness may be partly 

due to increased collagen synthesis, which may 

be induced by oxidized lipids and prevented by 

D-4F[21, 86]. Western diet has been found to 

increase the level of MCP-1 in brain arterioles, 

which can also be reduced by D-4F [12]. MCP-

1 can potentially play a role by increasing 

smooth muscle-α actin and is reported to 

contribute to vascular hypertrophy [70]. A 

Western diet therefore clearly induces 

inflammatory response throughout the arterial 

tree in LDLR−/− mice. It is notable that 

although cerebral blood flow was not directly 

measured in our study, we did not find an 

alteration in blood pressure, suggesting these 

inflammatory effects are independent of 

mechanisms related to blood perfusion 

regulation[12]. 

D-4F improves Western diet-induced 

cognitive impairment in mouse models 

It has been shown that feeding a 

Western diet to LDLR−/− mice induces brain 

arteriole inflammation and causes cognitive 

impairment [12]. All mice were initially tested 

for cognitive performance in the standard T-

maze continuous alternation task system [87] 

and the Morris Water Maze [17, 18, 88]. The 

mice showed significantly reduced mental 

capacity in both systems following 6-8 weeks 

on the Western diet. LDLR−/−mice treated with 

oral D-4Fexhibited significant reduction in 

inflammation and cognitive impairment 

without significant changes in plasma lipids 

and lipoproteins, blood pressure, or arteriole 

lumen size [12, 63].D-4F also ameliorates 

cognitive function and reduces inflammatory 

properties (TNFα and IL-1β) and amyloid 

burden in the brain of APPSwe-PS1 Delta E9 

mice [13]. Although D-4F treatment was 

shown to improve cognitive behavior in both 

the T-maze continuous alteration test and the 

Morris water maze test, the mechanism by 

which it reversed cognitive dysfunction is 

unknown. 

As noted above, administering a 

Western diet to LDLR−/− mice causes LDL, 
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monocyte, and macrophage accumulation, and 

endothelial dysfunction in very small arteries 

such as brain arterioles. These processes 

eventually lead to arterial thickening and 

dysfunction. This result is similarly observed in 

large arteries such as coronary arteries and the 

aorta [19, 20]. Administering D-4F is shown to 

markedly reduce lipid accumulation in arteries 

and significantly reduce facial arterial wall 

thickening [21]. The role of peptide D-4F in 

reducing pro-inflammatory lipids is likely the 

mechanism through which D-4F significantly 

reduces lesions in mouse models with 

atherosclerosis[2]. This may also explain why 

D-4F reduces inflammation after viral 

infections[22, 23]. It has been shown that 

hyperlipidemia induces inflammation of brain 

microvessel, and this inflammation in such 

small vessels is similar to that previously seen 

in large blood vessels. However, the location of 

macrophages associated with small arterioles 

differs from that observed in larger vessels. In 

coronary arteries or the aorta, macrophages 

were located between endothelial cells and 

medial smooth muscle cells, whereas the 

microglia associated with the brain arterioles 

were associated with the adventitial layer [12]. 

However, the mechanism of action of 

D-4F in AD mice is still unclear. Although it 

has been suggested that D-4F modulates the 

inflammatory properties of circulating 

lipoproteins, in particular HDL, and to reduce 

amyloid deposition, it is not clear whether the 

peptide crosses the BBB and enters the brain 

[13]. It is also unclear whether the peptide 

alone would reduce the Aβ burden. Handattu et 

al. [13]demonstrated that anti-inflammatory 

peptide D-4F in combination with pravastatin 

(to enhance the effectiveness of the peptide) 

improves cognitive function and inhibits 

amyloid β deposition in the hippocampus of 

AD mouse models.  It is still possible that D-4F 

alone would inhibit Aβ deposition in this 

mouse model, and experiments are currently 

underway[2]. 

D-4F has been demonstrated to reduce 

the number of activated microglia and 

astrocytes that are involved in generating 

cytokines, oxidized lipids, and other pro-

inflammatory molecules [13]. It can be 

concluded that hyperlipidemia-induced 

inflammation of brain arterioles leads to the 

production of chemokines by the arterioles, 

which spreads from brain arterioles to adjacent 

nonvascular brain cells and deteriorates their 

function, causing deterioration in cognitive 

performance [12]. Handattu et al. [13]observed 

that apo A-I mimetic peptide D-4F was 

effective in reducing vascular wall 

inflammation and improving cognitive 

performance, additionally showing 

effectiveness in treating animal AD models. 

Improved cognitive function can be interpreted 

to be partly due to decreased MCP-1 and MIP-

1α levels, resulting in a reduction in the 

inflammatory response in the group receiving 

D-4F treatment. 

Figure 6 demonstrates the hypothesized 

pathways through which Apo-AI mimetic 

peptides such as D-4F reduce the risk of AD. 

As it is shown, Western diet-induced 

microgliosis, MCP-1 and MIP-1α increases, 

and arterial wall thickening could be 

effectively prevented by D-4F.  In defining the 

possible mechanism of D-4F action, it should 

be recognized that D-4F improves cognitive 

impairment in AD by targeting and reversing 

vascular pathology [13]. Furthermore, D-D-4F 

can affect the role of HDL in modulating 

inflammatory response or nonspecific innate 

immunity [89, 90], which plays a crucial role in 

neurodegenerative disease as shown by 

Heppner et al. [8].  

Similar to beliefs regarding 

hyperlipidemia, data suggest that vascular 

disease risk factors, potentially including 

inflammation in individuals with chronic 

kidney disease (CKD), may contribute to 

cognitive dysfunction [62, 63, 91]. Regarding 

CKD inflammation, it has also been exhibited 

that D-4F reduces renal oxidized 

phospholipids, decreasing renal inflammation 

[63]. Additionally, investigators have found a 

relationship between kidney disease and risk 
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for AD development and cognitive impairment 

[62, 92]. 

CONCLUSIONS 

ApoA-I mimetic peptides may be 

promising new agents for the treatment of a 

variety of diseases of small arterial vessels. As 

noted above, an oral ApoA-I mimetic peptide 

called D-4F has been demonstrated to be 

effective in ameliorating hyperlipidemia-

induced inflammation in large, small, and very 

small (e.g., the brain arterioles) vessels. It has 

been shown that feeding a high-fat diet 

(Western diet) to LDLR−/− mouse models 

caused brain arteriole inflammation and 

cognitive impairment. This was significantly 

improved with orally administered D-4F 

without altering plasma lipids, blood pressure, 

or arteriole lumen size. Although the best-

understood mechanism of action of ApoA-I 

mimetic peptides is through their ability to 

promote cholesterol efflux from cells and to act 

as anti-oxidants, their effectiveness in animal 

models of several various diseases suggests 

that they may work through various 

mechanisms. Western diet resulted in a two-

fold increase in the percent of microglia 

associated with brain arterioles, along with a 

significant increase in chemokine MIP -1α and 

MCP-1 levels. D-4F peptide has been shown to 

reduce the levels of MIP-1α and MCP-1 and 

microglia-induced pro-inflammatory mediators. 

It is reasonable to presume that such properties 

of D-4F contribute to beneficial effects 

demonstrated in terms of reducing wall 

thickness, altering chemokine secretion, and 

improving cognitive performance to counteract 

detriments induced by Western diet and/or AD. 

Because only MIP-1α and MCP-1 levels were 

measured, relations with other circulatory 

cytokines could not be assessed; therefore, 

there is a possibility that D-4F peptide may 

also play a role in reducing other cytokine 

levels and microglia-induced pro-inflammatory 

mediators. Hopefully, this pathway will be a 

fruitful line of investigation for future studies. 

However, due to the complex pathogenesis of 

AD, accurate interpretation of the peptide 

mechanism of action is potentially problematic. 

Finally, Phase I trials on these peptides have 

only just started, in the recent years, and 

considerable investigation in terms of 

behavioral and biochemical studies in animal 

models, and eventually clinical trials, needs to 

be performed in developing apolipoprotein 

mimetic peptides into therapy for 

neurodegenerative disorders. 

REFERENCES 

[1] Reitz C, Brayne C, Mayeux R. 

Epidemiology of Alzheimer's disease. Nat 

Rev Neurol. 2011;7:137-52. 

[2] Navab M, Anantharamaiah GM, Reddy ST, 

Hama S, Hough G, Grijalva VR, et al. 

Apolipoprotein A-I mimetic peptides. 

Arterioscler Thromb Vasc Biol. 

2005;25:1325-31. 

[3] Tarumi T, Zhang R. Cerebral 

hemodynamics of the aging brain: risk of 

Alzheimer's disease and benefit of aerobic 

exercise. Front Physiol. 2014;5:6. 

[4] Kalaria RN, Ihara M. Dementia: Vascular 

and neurodegenerative pathways-will they 

meet? Nat Rev Neurol. 2013;9:487-8. 

[5] in t' Veld BA, Ruitenberg A, Hofman A, 

Launer LJ, van Duijn CM, Stijnen T, et al. 

Nonsteroidal antiinflammatory drugs and 

the risk of Alzheimer's disease. N Engl J 

Med. 2001;345:1515-21. 

[6] Zandi PP, Anthony JC, Hayden KM, Mehta 

K, Mayer L, Breitner JC. Reduced 

incidence of AD with NSAID but not H2 

receptor antagonists: the Cache County 

Study. Neurology. 2002;59:880-6. 

[7] Zandi PP, Carlson MC, Plassman BL, 

Welsh-Bohmer KA, Mayer LS, Steffens 

DC, et al. Hormone replacement therapy 

and incidence of Alzheimer disease in older 

women: the Cache County Study. Jama. 

2002;288:2123-9. 

[8] Heppner FL, Ransohoff RM, Becher B. 

Immune attack: the role of inflammation in 

Alzheimer disease. Nat Rev Neurosci. 

2015;16:358-72. 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

42 | P a g e  

[9] Wisniewski T, Goñi F. Immunotherapeutic 

Approaches for Alzheimer’s Disease. 

Neuron. 2015;85:1162-76. 

[10] Yiannopoulou KG, Papageorgiou SG. 

Current and future treatments for 

Alzheimer’s disease. Ther Adv Neurol 

Disord. 2013;6:19-33. 

[11] Cui X, Chopp M, Zacharek A, Cui C, Yan 

T, Ning R, et al. D-4F Decreases White 

Matter Damage After Stroke in Mice. 

Stroke. 2016;47:214-20. 

[12] Buga GM, Frank JS, Mottino GA, 

Hendizadeh M, Hakhamian A, Tillisch JH, 

et al. D-4F decreases brain arteriole 

inflammation and improves cognitive 

performance in LDL receptor-null mice on 

a Western diet. J Lipid Res. 2006;47:2148-

60. 

[13] Handattu SP, Garber DW, Monroe CE, 

van Groen T, Kadish I, Nayyar G, et al. 

Oral apolipoprotein A-I mimetic peptide 

improves cognitive function and reduces 

amyloid burden in a mouse model of 

Alzheimer's disease. Neurobiol Dis. 

2009;34:525-34. 

[14] Vinters HV. Emerging concepts in 

Alzheimer's disease. Annu Rev Pathol. 

2015;10:291-319. 

[15] Akinyemi RO, Mukaetova-Ladinska EB, 

Attems J, Ihara M, Kalaria RN. Vascular 

risk factors and neurodegeneration in 

aging-related dementias: Alzheimer's 

disease and vascular dementia. Curr 

Alzheimer Res. 2013;10:642-53. 

[16] Zlokovic BV. Neurovascular pathways to 

neurodegeneration in Alzheimer's disease 

and other disorders. Nat Rev Neurosci. 

2011;12:723-38. 

[17] Li L, Cao D, Garber DW, Kim H, Fukuchi 

K. Association of aortic atherosclerosis 

with cerebral beta-amyloidosis and learning 

deficits in a mouse model of Alzheimer's 

disease. Am J Pathol. 2003;163:2155-64. 

[18] Cao D, Fukuchi K, Wan H, Kim H, Li L. 

Lack of LDL receptor aggravates learning 

deficits and amyloid deposits in 

Alzheimer's transgenic mice. Neurobiol 

Aging. 2006;27:1632-43. 

[19] Breslow JL. Mouse models of 

atherosclerosis. Science. 1996;272:685-8. 

[20] Schiller NK, Black AS, Bradshaw GP, 

Bonnet DJ, Curtiss LK. Participation of 

macrophages in atherosclerotic lesion 

morphology in LDLr-/- mice. J Lipid Res. 

2004;45:1398-409. 

[21] Ou J, Wang J, Xu H, Ou Z, Sorci-Thomas 

MG, Jones DW, et al. Effects of D-4F on 

vasodilation and vessel wall thickness in 

hypercholesterolemic LDL receptor-null 

and LDL receptor/apolipoprotein A-I 

double-knockout mice on Western diet. 

Circ Res. 2005;97:1190-7. 

[22] Van Lenten BJ, Wagner AC, 

Anantharamaiah GM, Garber DW, Fishbein 

MC, Adhikary L, et al. Influenza infection 

promotes macrophage traffic into arteries of 

mice that is prevented by D-4F, an 

apolipoprotein A-I mimetic peptide. 

Circulation. 2002;106:1127-32. 

[23] Van Lenten BJ, Wagner AC, Navab M, 

Anantharamaiah GM, Hui EK, Nayak DP, 

et al. D-4F, an apolipoprotein A-I mimetic 

peptide, inhibits the inflammatory response 

induced by influenza A infection of human 

type II pneumocytes. Circulation. 

2004;110:3252-8. 

[24] Paul R, Choudhury A, Borah A. 

Cholesterol - A putative endogenous 

contributor towards Parkinson's disease. 

Neurochem Int. 2015;90:125-33. 

[25] Refolo LM, Malester B, La Francois J, 

Bryant-Thomas T, Wang R, Tint GS, et al. 

Hypercholesterolemia accelerates the 

Alzheimer's amyloid pathology in a 

transgenic mouse model. Neurobiol Dis. 

2000;7:321-31. 

[26] Ghribi O, Larsen B, Schrag M, Herman 

MM. High cholesterol content in neurons 

increases BACE, beta-amyloid, and 

phosphorylated tau levels in rabbit 

hippocampus. Exp Neurol. 2006;200:460-7. 

[27] Ullrich C, Pirchl M, Humpel C. 

Hypercholesterolemia in rats impairs the 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

43 | P a g e  

cholinergic system and leads to memory 

deficits. Mol Cell Neurosci. 2010;45:408-

17. 

[28] Pirchl M, Ullrich C, Sperner-Unterweger 

B, Humpel C. Homocysteine has anti-

inflammatory properties in a 

hypercholesterolemic rat model in vivo. 

Mol Cell Neurosci. 2012;49:456-63. 

[29] Ehrlich D, Pirchl M, Humpel C. Effects of 

long-term moderate ethanol and cholesterol 

on cognition, cholinergic neurons, 

inflammation, and vascular impairment in 

rats. Neuroscience. 2012;205:154-66. 

[30] Navab M, Anantharamaiah GM, Hama S, 

Hough G, Reddy ST, Frank JS, et al. D-4F 

and statins synergize to render HDL 

antiinflammatory in mice and monkeys and 

cause lesion regression in old 

apolipoprotein E-null mice. Arterioscler 

Thromb Vasc Biol. 2005;25:1426-32. 

[31] Kruger AL, Peterson S, Turkseven S, 

Kaminski PM, Zhang FF, Quan S, et al. D-

4F induces heme oxygenase-1 and 

extracellular superoxide dismutase, 

decreases endothelial cell sloughing, and 

improves vascular reactivity in rat model of 

diabetes. Circulation. 2005;111:3126-34. 

[32] Marsh SE, Abud EM, Lakatos A, 

Karimzadeh A, Yeung ST, Davtyan H, et 

al. The adaptive immune system restrains 

Alzheimer's disease pathogenesis by 

modulating microglial function. Proc Natl 

Acad Sci U S A. 2016;113:E1316-25. 

[33] Napoli C, D'Armiento FP, Mancini FP, 

Postiglione A, Witztum JL, Palumbo G, et 

al. Fatty streak formation occurs in human 

fetal aortas and is greatly enhanced by 

maternal hypercholesterolemia. Intimal 

accumulation of low density lipoprotein 

and its oxidation precede monocyte 

recruitment into early atherosclerotic 

lesions. J Clin Invest. 1997;100:2680-90. 

[34] Fu R, Shen Q, Xu P, Luo JJ, Tang Y. 

Phagocytosis of microglia in the central 

nervous system diseases. Mol Neurobiol. 

2014;49:1422-34. 

[35] Heneka MT, Golenbock DT, Latz E. 

Innate immunity in Alzheimer's disease. 

Nat Immunol. 2015;16:229-36. 

[36] McAlpine FE, Tansey MG. 

Neuroinflammation and tumor necrosis 

factor signaling in the pathophysiology of 

Alzheimer's disease. J Inflamm Res. 

2008;1:29-39. 

[37] Maier M, Peng Y, Jiang L, Seabrook TJ, 

Carroll MC, Lemere CA. Complement C3 

deficiency leads to accelerated amyloid 

beta plaque deposition and 

neurodegeneration and modulation of the 

microglia/macrophage phenotype in 

amyloid precursor protein transgenic mice. 

J Neurosci. 2008;28:6333-41. 

[38] Wyss-Coray T, Rogers J. Inflammation in 

Alzheimer disease-a brief review of the 

basic science and clinical literature. Cold 

Spring Harb Perspect Med. 

2012;2:a006346. 

[39] Guillot-Sestier MV, Town T. Innate 

immunity in Alzheimer's disease: a 

complex affair. CNS Neurol Disord Drug 

Targets. 2013;12:593-607. 

[40] Iadecola C. Neurovascular regulation in 

the normal brain and in Alzheimer's 

disease. Nat Rev Neurosci. 2004;5:347-60. 

[41] Zotova E, Nicoll JA, Kalaria R, Holmes C, 

Boche D. Inflammation in Alzheimer's 

disease: relevance to pathogenesis and 

therapy. Alzheimers Res Ther. 2010;2:1. 

[42] Leman LJ, Maryanoff BE, Ghadiri MR. 

Molecules that mimic apolipoprotein A-I: 

potential agents for treating atherosclerosis. 

J Med Chem. 2014;57:2169-96. 

[43] Navab M, Anantharamaiah GM, Hama S, 

Garber DW, Chaddha M, Hough G, et al. 

Oral administration of an Apo A-I mimetic 

Peptide synthesized from D-amino acids 

dramatically reduces atherosclerosis in 

mice independent of plasma cholesterol. 

Circulation. 2002;105:290-2. 

[44] Navab M, Hama SY, Anantharamaiah 

GM, Hassan K, Hough GP, Watson AD, et 

al. Normal high density lipoprotein inhibits 

three steps in the formation of mildly 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

44 | P a g e  

oxidized low density lipoprotein: steps 2 

and 3. J Lipid Res. 2000;41:1495-508. 

[45] Navab M, Anantharamaiah GM, Reddy 

ST, Hama S, Hough G, Grijalva VR, et al. 

Oral D-4F causes formation of pre-beta 

high-density lipoprotein and improves 

high-density lipoprotein-mediated 

cholesterol efflux and reverse cholesterol 

transport from macrophages in 

apolipoprotein E-null mice. Circulation. 

2004;109:3215-20. 

[46] Van Lenten BJ, Wagner AC, 

Anantharamaiah GM, Navab M, Reddy ST, 

Buga GM, et al. Apolipoprotein A-I 

mimetic peptides. Curr Atheroscler Rep. 

2009;11:52-7. 

[47] White CR, Garber DW, Anantharamaiah 

GM. Anti-inflammatory and cholesterol-

reducing properties of apolipoprotein 

mimetics: a review. J Lipid Res. 

2014;55:2007-21. 

[48] Van Lenten BJ, Navab M, 

Anantharamaiah GM, Buga GM, Reddy 

ST, Fogelman AM. Multiple indications for 

anti-inflammatory apolipoprotein mimetic 

peptides. Curr Opin Investig Drugs. 

2008;9:1157-62. 

[49] Reddy ST, Navab M, Anantharamaiah 

GM, Fogelman AM. Apolipoprotein A-I 

mimetics. Curr Opin Lipidol. 2014;25:304-

8. 

[50] Yao X, Vitek MP, Remaley AT, Levine 

SJ. Apolipoprotein mimetic peptides: a new 

approach for the treatment of asthma. Front 

Pharmacol. 2012;3:37. 

[51] Navab M, Reddy ST, Van Lenten BJ, 

Buga GM, Hough G, Wagner AC, et al. 

High-density lipoprotein and 4F peptide 

reduce systemic inflammation by 

modulating intestinal oxidized lipid 

metabolism: novel hypotheses and review 

of literature. Arterioscler Thromb Vasc 

Biol. 2012;32:2553-60. 

[52] Navab M, Shechter I, Anantharamaiah 

GM, Reddy ST, Van Lenten BJ, Fogelman 

AM. Structure and function of HDL 

mimetics. Arterioscler Thromb Vasc Biol. 

2010;30:164-8. 

[53] Bloedon LT, Dunbar R, Duffy D, Pinell-

Salles P, Norris R, DeGroot BJ, et al. 

Safety, pharmacokinetics, and 

pharmacodynamics of oral apoA-I mimetic 

peptide D-4F in high-risk cardiovascular 

patients. J Lipid Res. 2008;49:1344-52. 

[54] Watson CE, Weissbach N, Kjems L, 

Ayalasomayajula S, Zhang Y, Chang I, et 

al. Treatment of patients with 

cardiovascular disease with L-4F, an apo-

A1 mimetic, did not improve select 

biomarkers of HDL function. J Lipid Res. 

2011;52:361-73. 

[55] Navab M, Ruchala P, Waring AJ, Lehrer 

RI, Hama S, Hough G, et al. A novel 

method for oral delivery of apolipoprotein 

mimetic peptides synthesized from all L-

amino acids. J Lipid Res. 2009;50:1538-47. 

[56] Van Lenten BJ, Wagner AC, Navab M, 

Anantharamaiah GM, Hama S, Reddy ST, 

et al. Lipoprotein inflammatory properties 

and serum amyloid A levels but not 

cholesterol levels predict lesion area in 

cholesterol-fed rabbits. J Lipid Res. 

2007;48:2344-53. 

[57] Navab M, Anantharamaiah GM, Reddy 

ST, Fogelman AM. Apolipoprotein A-I 

mimetic peptides and their role in 

atherosclerosis prevention. Nat Clin Pract 

Cardiovasc Med. 2006;3:540-7. 

[58] Navab M, Reddy ST, Van Lenten BJ, 

Fogelman AM. HDL and cardiovascular 

disease: atherogenic and atheroprotective 

mechanisms. Nat Rev Cardiol. 2011;8:222-

32. 

[59] Imaizumi S, Navab M, Morgantini C, 

Charles-Schoeman C, Su F, Gao F, et al. 

Dysfunctional high-density lipoprotein and 

the potential of apolipoprotein A-1 mimetic 

peptides to normalize the composition and 

function of lipoproteins. Circ J. 

2011;75:1533-8. 

[60] Chajek-Shaul T, Hayek T, Walsh A, 

Breslow JL. Expression of the human 

apolipoprotein A-I gene in transgenic mice 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

45 | P a g e  

alters high density lipoprotein (HDL) 

particle size distribution and diminishes 

selective uptake of HDL cholesteryl esters. 

Proc Natl Acad Sci U S A. 1991;88:6731-5. 

[61] Deshmane SL, Kremlev S, Amini S, 

Sawaya BE. Monocyte chemoattractant 

protein-1 (MCP-1): an overview. J 

Interferon Cytokine Res. 2009;29:313-26. 

[62] Buga G, Hakhamian A, Frank JS, Mottino 

G, Reddy ST, Navab M, et al. Feeding a 

Western Diet to LDL Receptor Null Mice 

Causes Inflammatory Changes in the 

Glomerulus, which are Ameliorated by D-

4F an Apolipoprotein A-I Mimetic. 

Circulation. 2006;114:319. 

[63] Buga GM, Frank JS, Mottino GA, 

Hakhamian A, Narasimha A, Watson AD, 

et al. D-4F reduces EO6 immunoreactivity, 

SREBP-1c mRNA levels, and renal 

inflammation in LDL receptor-null mice 

fed a Western diet. J Lipid Res. 

2008;49:192-205. 

[64] Mato M, Ookawara S, Sakamoto A, 

Aikawa E, Ogawa T, Mitsuhashi U, et al. 

Involvement of specific macrophage-

lineage cells surrounding arterioles in 

barrier and scavenger function in brain 

cortex. Proc Natl Acad Sci U S A. 

1996;93:3269-74. 

[65] Dol F, Martin G, Staels B, Mares AM, 

Cazaubon C, Nisato D, et al. Angiotensin 

AT1 receptor antagonist irbesartan 

decreases lesion size, chemokine 

expression, and macrophage accumulation 

in apolipoprotein E-deficient mice. J 

Cardiovasc Pharmacol. 2001;38:395-405. 

[66] Navab M, Hama SY, Cooke CJ, 

Anantharamaiah GM, Chaddha M, Jin L, et 

al. Normal high density lipoprotein inhibits 

three steps in the formation of mildly 

oxidized low density lipoprotein: step 1. J 

Lipid Res. 2000;41:1481-94. 

[67] Van Lenten BJ, Wagner AC, Jung CL, 

Ruchala P, Waring AJ, Lehrer RI, et al. 

Anti-inflammatory apoA-I-mimetic 

peptides bind oxidized lipids with much 

higher affinity than human apoA-I. J Lipid 

Res. 2008;49:2302-11. 

[68] Ansell BJ, Navab M, Hama S, 

Kamranpour N, Fonarow G, Hough G, et 

al. Inflammatory/antiinflammatory 

properties of high-density lipoprotein 

distinguish patients from control subjects 

better than high-density lipoprotein 

cholesterol levels and are favorably 

affected by simvastatin treatment. 

Circulation. 2003;108:2751-6. 

[69] Bajetto A, Bonavia R, Barbero S, Schettini 

G. Characterization of chemokines and 

their receptors in the central nervous 

system: physiopathological implications. J 

Neurochem. 2002;82:1311-29. 

[70] Bush E, Maeda N, Kuziel WA, Dawson 

TC, Wilcox JN, DeLeon H, et al. CC 

chemokine receptor 2 is required for 

macrophage infiltration and vascular 

hypertrophy in angiotensin II-induced 

hypertension. Hypertension. 2000;36:360-

3. 

[71] Murphy MP, LeVine H, 3rd. Alzheimer's 

disease and the amyloid-beta peptide. J 

Alzheimers Dis. 2010;19:311-23. 

[72] Nathalie P, Jean-Noel O. Processing of 

amyloid precursor protein and amyloid 

peptide neurotoxicity. Curr Alzheimer Res. 

2008;5:92-9. 

[73] de la Torre JC, Mussivand T. Can 

disturbed brain microcirculation cause 

Alzheimer's disease? Neurol Res. 

1993;15:146-53. 

[74] de la Torre JC. Is Alzheimer's disease a 

neurodegenerative or a vascular disorder? 

Data, dogma, and dialectics. Lancet Neurol. 

2004;3:184-90. 

[75] Milionis HJ, Florentin M, Giannopoulos S. 

Metabolic syndrome and Alzheimer's 

disease: a link to a vascular hypothesis? 

CNS Spectr. 2008;13:606-13. 

[76] Dede DS, Yavuz B, Yavuz BB, 

Cankurtaran M, Halil M, Ulger Z, et al. 

Assessment of endothelial function in 

Alzheimer's disease: is Alzheimer's disease 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

46 | P a g e  

a vascular disease? J Am Geriatr Soc. 

2007;55:1613-7. 

[77] Ruitenberg A, den Heijer T, Bakker SL, 

van Swieten JC, Koudstaal PJ, Hofman A, 

et al. Cerebral hypoperfusion and clinical 

onset of dementia: the Rotterdam Study. 

Ann Neurol. 2005;57:789-94. 

[78] Lindsay J, Laurin D, Verreault R, Hebert 

R, Helliwell B, Hill GB, et al. Risk factors 

for Alzheimer's disease: a prospective 

analysis from the Canadian Study of Health 

and Aging. Am J Epidemiol. 2002;156:445-

53. 

[79] de la Torre JC. How do heart disease and 

stroke become risk factors for Alzheimer's 

disease? Neurol Res. 2006;28:637-44. 

[80] Kalaria RN. Vascular basis for brain 

degeneration: faltering controls and risk 

factors for dementia. Nutr Rev. 2010;68 

Suppl 2:S74-87. 

[81] de la Torre JC. Vascular risk factor 

detection and control may prevent 

Alzheimer's disease. Ageing Res Rev. 

2010;9:218-25. 

[82] Hughes TM, Craft S, Lopez OL. Review 

of 'the potential role of arterial stiffness in 

the pathogenesis of Alzheimer's disease'. 

Neurodegener Dis Manag. 2015;5:121-35. 

[83] Marchesi VT. Alzheimer's dementia 

begins as a disease of small blood vessels, 

damaged by oxidative-induced 

inflammation and dysregulated amyloid 

metabolism: implications for early 

detection and therapy. Faseb j. 2011;25:5-

13. 

[84] Kalaria RN. The blood-brain barrier and 

cerebrovascular pathology in Alzheimer's 

disease. Ann N Y Acad Sci. 1999;893:113-

25. 

[85] Stanimirovic DB, Friedman A. 

Pathophysiology of the neurovascular unit: 

disease cause or consequence? J Cereb 

Blood Flow Metab. 2012;32:1207-21. 

[86] Ishibashi M, Hiasa K, Zhao Q, Inoue S, 

Ohtani K, Kitamoto S, et al. Critical role of 

monocyte chemoattractant protein-1 

receptor CCR2 on monocytes in 

hypertension-induced vascular 

inflammation and remodeling. Circ Res. 

2004;94:1203-10. 

[87] Gerlai R. A new continuous alternation 

task in T-maze detects hippocampal 

dysfunction in mice. A strain comparison 

and lesion study. Behav Brain Res. 

1998;95:91-101. 

[88] Costa RM, Federov NB, Kogan JH, 

Murphy GG, Stern J, Ohno M, et al. 

Mechanism for the learning deficits in a 

mouse model of neurofibromatosis type 1. 

Nature. 2002;415:526-30. 

[89] Navab M, Berliner JA, Subbanagounder 

G, Hama S, Lusis AJ, Castellani LW, et al. 

HDL and the inflammatory response 

induced by LDL-derived oxidized 

phospholipids. Arterioscler Thromb Vasc 

Biol. 2001;21:481-8. 

[90] Reddy ST, Anantharamaiah GM, Navab 

M, Hama S, Hough G, Grijalva V, et al. 

Oral amphipathic peptides as therapeutic 

agents. Expert Opin Investig Drugs. 

2006;15:13-21. 

[91] Drew DA, Weiner DE. Cognitive 

impairment in chronic kidney disease: keep 

vascular disease in mind. Kidney 

International. 2014;85:505–7. 

[92] Kurella M, Chertow GM, Luan J, Yaffe K. 

Cognitive impairment in chronic kidney 

disease. J Am Geriatr Soc. 2004;52:1863-9. 

 



Azadeh Esmaeili et al., Jour. Sci. Res. Allied Sci., 6(3), 34-49 2020 

 

47 | P a g e  

 
Figure 1: ApoA-I mimetic peptide. Naming - such as 4F or 6F - is dependent on the number of 

phenylalanines (amino acid code F). 

 

 

 
Figure 2: Helical wheel model of D-4F peptide of ApoA-I mimetic peptide. 

 
Figure 3: Pathway of chronic neuroinflammation contribution to neurodegenerative disease. Resting 

microglial cells convert to activate microglial cells. Activated microglial cells produce inflammatory 

mediators such as reactive oxygen species, nitric oxide, cytokines (TNF-α, IL-Iβ), and chemokines 

(MIP-1α, MCP-1). Inflammatory mediators take action which leads to structural and functional 

neuronal damage, eventually initiating cell death and contributing to neurodegenerative disease. D-4F 

is shown to reduce both the percent of microglia located on the adventitial side of the vessels and the 

level of chemokines MIP-1α and MCP-1. 
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Figure 4: Essential overlaps exist between Alzheimer’s disease and vascular disease. It is recognized 

that vascular risk factors predispose individuals to Alzheimer’s disease (details in text below). 

 

 

 

 
 

 

Figure 5: Role of hypothesized pathways targeting vascular pathology in cerebral arterioles for the 

risk of Alzheimer’s disease (for details see text). 
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Figure 6: Adding Western diet to LDL receptor deficient mice leads to inflammation in brain 

arterioles. Western diet increases the number of arterioles with microglia on the adventitial side of the 

vessels, which was ameliorated by D-4F. Additionally, MIP-1 α and MCP-1 are induced by Western 

diet and are reduced by D-4F. Western diet resulted in arterial wall thickening by inducing 

inflammation in brain arterial walls, increasing the amount of smooth muscle-α actin and collagen 

synthesis, both of which are reduced by D-4F. As a result, D-4F improves hyperlipidemia-induced 

cognitive impairment in the LDL receptor deficient mouse (for details see text). 

 


