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Abstract 

The physiology and the pathology of the Central Nervous System 

(CNS) is very complex, and only by understanding it the scientific 

research might develop effective treatments. Neurocognitive 

Disorders, extremely diffused diseases, have a multifactorial aetiology, 

in which lipid homeostasis plays an important role, as known. 

The aim of this mini review is focus on interesting recently published 

researches on the topic, in order to put together some pieces of the 

puzzle of such an enormous physiopathology chapter. 

After a brief introduction, we will describe important aspects of CNS 

lipid metabolism, then we will examine the conclusions of recent 

articles relating to lipid role in neurodegeneration. The recent 

scientific literature has strengthened the position of some well-known 

“biological agents” – i.e. lipid peroxidation and apolipoprotein E4 allele 

–but also detailed the importance of new promising diagnostic and 

therapeutic targets. 
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Introduction 

Global population growth is increasing, and 

people over 65 will rise to 1.5 billion (16% of the 

population) by 2050 [1]. Demography inevitably 

affects public health: the median age increase 

will cause also chronic pathologies’ incidence 

increase: among them, Neurocognitive 

Disorders (NCDs) [2]. Physiology of aging has 

been extensively studied in order to demarcate 

it from pathology [3], and so has been NCD 

pathophysiology. Several different conditions 

may cause NCD [4], which therefore are 

considered multifactorial diseases. The key 

moment in brain damage is considered the 

accumulation of misfolded proteins, and 
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various hypothesis try to explain misfolding 

and accumulation genesis: e.g. genetics [5], 

microvascular disease [6], environmental 

factors [7], oxidative stress [8] are involved. 

Also, lipid metabolism (LM) plays a 

fundamental role in cognitive decline [9], as a 

growing number of researches on the topic 

confirms. In this mini review, we will briefly 

summarize the most important brain lipid 

metabolism aspects, and then we will present 

some recent studies about its correlation with 

NCDs. 

 

Central Nervous System Lipid 

Metabolism 

Central Nervous System (CNS) presents a lipid 

metabolism quite different from the other 

systems. The blood brain barrier (BBB) presents 

the passage of several molecules [10], letting 

pass throw hydrophobic ones. Though lipids 

are commonly considered hydrophobic 

molecules, many of them present a hydrophilic 

component, like hydroxyl radical: the presence 

of both polar and non-polar parts defines the 

lipid “amphiphilic” - e.g. phospholipids and 

cholesterol. Phospholipids are the major 

component of the plasma membrane, and their 

modifications correlate with histological and 

electrophysiological changes in aging [11], as 

demonstrated in the Fischer 344 rat. Among 

them, phosphatidylserine is particularly 

represented. It derives form phosphorylated 

molecules, and its synthesis involves the 

intervention of endoplasmic reticulum 

enzymes: phosphatidylserine synthase 1 and 2 

[12]. Phosphatidylserine is required for plasma 

membrane and myelin constitution and its 

homeostasis is necessary to support many 

cognitive functions [13]. Cholesterol 

metabolism is related to CNS damage, as we 

will describe in next section, so it’s important 

to describe it. Due its inability to cross the BBB, 

brain cells have to synthetize their own 

cholesterol [14]. Astrocytes - a glial cell type – 

synthetize cholesterol: apolipoprotein E (ApoE) 

molecules present in the cerebrospinal fluid 

(CSF) receive it by ATP-binding cassette 

transporter 1 (ABCA-1) and ATP-binding 

cassette sub-family G 1 (ABCG-1). Neurons, due 

their poor synthesis capacity, receive 

cholesterol by these lipoproteins. As for its 

elimination by CNS, neurons convert it in 24S-

OH-cholesterol, which is a polar molecule, 

therefore able to cross the BBB [15, 16, 17]. 

 

Lipid Peroxidation 

Lipid peroxidation (LP) is a biological process 

consisting in oxidant molecules attacking lipid 

carbon-carbon bonds. The abovementioned 

phospholipids and cholesterol are typical 

targets due to their chemical structure [18]. It’s 

known that LP products may determine 

cytotoxicity and alter gene expression and 

cellular signaling [19] and in this section recent 

results deriving from these cellular mechanisms 

study will be taken into consideration. In 2020, 

Bednarz-Misa et al. [20] performed a study 

about paraoxonase 1 (PO1) role in protecting by 

LP. Patients affected by Alzheimer’s disease 

(AD), mixed dementia (MD) and vascular 

dementia (VaD) were enrolled. The authors 

studied PO1 activity in NCD patients and 

healthy controls’ blood, noting that it was 

decreased in dementia, especially in severe 

forms – assessed with Mini Mental State 

Examination and Clinical Dementia Rating 

scales. They also studied 

malondialdehyde/thiobarbituric acid reactive 

substances (M/T) ratio as oxidative stress 

markers, being malondialdehyde an abundant 

product of LP [21]: M/T ratio seemed to be a 

dementia marker too. Both the considered 

markers – PO1 and M/T ratio – seemed not to 

be able to differentiate various etiologies. LP 

was studied in transgenic Alzheimer’s mice in 

2020 by Wang et al. [22]. The aim of their 

interesting study was to clarify the role played 

by allopregnanolone – a neurosteroid – in 

metabolic regulation. By a transcriptome 

analysis, the authors found that some 

allopregnanolone-induced pathways 

collaborated in inhibiting AD linked pathways – 

e.g. Presenilin 1 and Tumor Necrosis Factor 

pathways. The conclusions also hypothesized a 

therapeutic role for that neurosteroid. Another 

research in transgenic Alzheimer’s mice was 
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performed by Raefsky et al. [23]. 

Polyunsaturated fatty acids (PUFA) were the 

protagonists of the study. The authors were 

able to demonstrate that deuterated-PUFA (d-

PUFA) fed mice showed reduced brain 

concentration of LP products – like 

isoprostanes and neuroprostanes – and also of 

hippocampal amyloid β (Aβ) 40 and 38, 

compared to mice fed with hydrogenated-

PUFA. d-PUFA, despite reducing lipid 

peroxidation, seemed not to be able to improve 

mice cognitive capacities. In 2015, Angelova et 

al. [24] also studied the relationship between d-

PUFA and LP, this time in in-vitro α-synuclein-

mediated damage. Rat cortex neurons and 

astrocytes co-cultures were used to perform the 

experiment. The authors found that α-

synuclein-aggregates were able to induce LP 

and cell death, while incubating the cells with 

d-PUFA, LP and cell death were prevented. 

Further studies may deepen the clinical impact 

of these discoveries. 

 

Ferroptosis 

Ferroptosis (Fp) [25] falls under the oxidative 

stress mediated cell death. It consists of a 

recently discovered nonapoptotic cell death, 

dependent from intracellular iron levels – not 

depending by other metal ions – induced by 

brain LP. Fp is different from other known 

death cell forms, but a relationship with 

autophagy was found: though genetic 

relationships is unclear, it seems that 

autophagy, by ferritin degradation, is able to 

promote Fp [26]. Fp can be induced by 

molecules like erastin [27] and it appears that 

mitochondria have a role in some Fp pathways, 

due to their membrane hyperpolarization and 

increase of LP products [25,28]. Ferrostatin-1 is 

a small molecule able to inhibit Fp by 

preventing erastin-induced accumulation of 

reactive oxygen species [25]. The scientific 

literature underlines Fp role in several 

biological processes: it is able to promote 

inflammation [29] or to kill cancer cells [25,30-

32], while is inhibited by cellular senescence, 

due its lysosomal disfunction [33]. Its impact in 

neurodegeneration was supposed by Dixon et 

al. [25] already in 2012, the year of Fp discovery, 

and in this section recent results will be taken 

into consideration. In 2020, Ayton et al. [34] 

conducted a neuropathology study, measuring 

brain iron concentration in autopsy biopsies 

from temporal cortex and cerebellum – two 

areas known to be affected and spared, 

respectively, in AD. The analysis brought them 

to suppose that, being the AD neuronal death 

unclear, it may depend on Fp. Another 

contribute about Fp in AD was given by Zang et 

al. [35] in transgenic mice. Starting from the 

assumption that Tau protein is able to induce 

Fp by determining iron overload, they 

suggested that α-lipoic acid might inhibit Tau 

phosphorylation, so Fp, by acting on a kinase 

enzymatic cascade. Lysosome disfunction was 

under the attention of a study conducted in 

2020 by Guiney et al. [36] about α-synuclein 

toxicity in Parkinson’s disease (PD). The 

authors hypothesized that α-synuclein related 

cell death was mediated by Fp, but the results 

thy obtained did not support this hypothesis. In 

the same year, Angelova et al. [37], on the 

contrary, by performing a study on human stem 

cell-derived models of PD, were able to 

demonstrate a Fp role in α-synuclein related 

cell death. When treating the cellular models 

with erastin – a Fp inducer – the authors found 

a dose-dependent cell death increase; when 

treating them with ferrostatin-1, d-PUFAs and 

an iron chelator - Fp inhibitors – they found a 

cell death reduction compared to control cells. 

In 2019, Yan et al. [38] studied Fp in vascular 

cognitive impairment (VCI). The authors, 

starting from the relationship involving VCI 

and iron, LP and oxidative stress, hypothesized 

Fp as a trait d’union between VCI and cell 

death. 

 

Apolipoprotein E4 

ApoE4 allele is widely known to be a strong 

genetic factor associated with sporadic AD [39]. 

Its importance is mentioned in large part of the 

scientific literature, so, in this section, we will 

underline some recent findings. In 2020, 

Montagne et al. [40] affirmed that high CSF 

Platelet-Derived Growth Factor Receptor β – a 
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BBB injury biomarker – might predict NCD in 

ApoE4 carriers (ε4/ε4 or ε3/ε4 alleles), but not 

in non-carriers. The authors suggested that BBB 

injury contributes to ApoE4-associated NCD, 

regardless of AD. In the same year, Area-Gomez 

et al. [41] performed a transcriptomics analysis 

on aged mice. They noticed that ApoE4 

reduced mitochondrial function, but it seemed 

that bioenergetic regulation in entorhinal 

cortex was different compared to other areas. 

The authors hypothesized that differential 

stress response might have a role in AD 

pathophysiology. In 2020, a review conducted 

by Butterfield et al. [42] showing a link between 

ApoE4 and LP in AD developing risk. Both 

human and mice studies had been taken into 

account. The authors assessed the hypothesis 

that ApoE4 is less able to scavenge LP products 

due to its chemical structure – and in 

particular, the absence of two specific cysteine 

residues compared to other ApoE alleles. In 

2021, La Joie et al. [43] performed a study on 119 

Aβ-positive – assessed with positron emission 

tomography (PET) – symptomatic patients. 

They found that older age and ApoE4 seemed 

to promote a temporal predominant pattern 

assessed with PET-Tau, while amyloid pattern 

seemed not to be associated to different clinical 

phenotypes. Finally, different authors highlight 

ApoE role as a therapeutic target in AD patients 

[40,44]. 

 

Peripheral Metabolism 

Central homeostasis matches peripheral lipid 

metabolism. Our research group produced 

evidence on peripheral blood mononuclear cell 

(PBMNC) role as NCD screening tool [45-47]. 

Elderly, AD, MD, VaD and HIV-associated 

neurocognitive disorders were the centre of our 

analysis. We studied neutral lipid accumulation 

and cluster formation using Oil Red O (ORO) 

staining method, measuring them with a semi-

quantitative scale. We found higher 

accumulation in patients compared to healthy 

controls, but we were also able to demonstrate 

that the mentioned PBMNC markers are useful 

to identify early NCD stages. Peripheral neutral 

lipid accumulation was studied by François et 

al. [48,49] in oral mucosa cells, but the results 

they obtained in two studies were 

contradictory. In a recently published review, 

the role of peripheral metabolism assessment 

was considered a valid contribute for diagnosis 

and for the future of NCD therapy [50]. A 

possible reason of the abnormal neutral lipid 

accumulation is acyl-coenzyme A: cholesterol 

acyltransferase (ACAT), of whom two 

isoenzymes – ACAT1 and ACAT2 – exist [51], 

deriving from two different mammalian genes. 

ACAT is known to convert free cholesterol to 

cholesteryl esters (CEs), and it can be targeted 

in cardiovascular diseases [52]. In the past 

years, these genes’ expression was studied in 

animals and humans to evaluate their role in 

AD. Studies were conducted, in PBMNCs, skin 

fibroblasts, and mice brain homogenates, 

among the others. Predominant role was 

acknowledged to be held by ACAT1 isoenzyme: 

its expression was higher in AD and it was 

correlated with higher neutral lipid 

accumulation. These results brought various 

authors to consider ACAT1 as a possible 

therapeutic target for AD [53-55]. Different 

results were instead found in Huntington’s 

disease patients: CEs accumulation in human 

and murine cells in the striatum was not related 

to ACAT1 expression in the same areas [56]. 

 

Conclusions 

Lipid metabolism is a clearly interesting topic 

both in basic and clinical research. The passing 

of the years and the development of technology 

have resulted in new interesting discoveries and 

links with neuropathology. LP can be seen as 

the key of neurotoxicity; due to the number of 

biological pathways it involves. This versatility 

conduced various author to consider LP role in 

several NCD etiologies. Growing attention is 

given to d-PUFA, but the clinical implication of 

their LP products reduction is yet to be 

clarified. Equally great attention is currently 

being given to Fp: though more studies still 

focus on Fp in cancer, many authors are 

presenting evidence on Fp to play a role of 

primary importance in NCD pathophysiology. 

We consider the deepening of studies about Fp 
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mechanisms to be useful to explain the biology 

of dementia and maybe to discover new 

targeted therapies. We have chosen to dedicate 

a section of this review to ApoE, the stronger 

genetic risk factor of sporadic AD. Recent 

research moves between precise biochemical 

pathways and therapeutic implications: it 

highlights the fact that, though much 

knowledge, ApoE’s complexity may provide us 

future information. The final section of this 

review was dedicated to peripheral lipid 

metabolism. Recent findings seem to suggest 

that peripheral markers are of vital importance 

in NCD diagnosis. The international 

standardization of peripheral lipid metabolism 

assessment technique may be a valid diagnostic 

weapon for the physicians. In conclusion, being 

able to better understand the biological 

mechanisms of NCDs might help the scientific 

research to find new diagnostic and therapeutic 

approaches for these widespread diseases. 
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