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Lipids are fundamental components of brain cells as they are involved in several essential processes like
remodeling of plasma membrane, synaptic function and receptor–ligand interactions. Systemic and brain
alterations in lipid metabolism have been linked to the pathogenesis of neurodegenerative disorders like
dementia and parkinsonisms. Intracellular transport of lipids is regulated by fatty acid-binding proteins.
Recently, a member of this family, the fatty acid-binding protein 3 has been proposed as a potential
biomarker across a range of neurodegenerative diseases, including Alzheimer’s disease and dementia
with Lewy bodies. In this special report, we describe recent progresses in characterizing the role of fatty
acid-binding protein 3 in neurodegeneration and its putative role as biomarker measurable in biological
fluids.

First draft submitted: 23 February 2018; Accepted for publication: 16 May 2018; Published online:
6 July 2018

Keywords: α-Synuclein • Alzheimer’s disease • Amyloid β • CSF • FABP3 • neurodegenerative disorders • Parkinson’s
disease • phosphorylated tau • tau

Lipids in CNS: introductory remarks
Nowadays, the role of diagnostic biomarkers in the diagnosis of Alzheimer’s disease (AD) is well established also
in the early stages of the disease. Among the biomarkers currently used in diagnostic settings, we can distinguish
biochemical and imaging biomarkers. The core biochemical markers are represented by the 42 amino acid peptide
derived from the β-amyloid protein (Aβ42), the total tau protein (t-tau) and its phosphorylated form at threonine
181 (p-tau) that show a particular AD profile in cerebrospinal fluid (CSF) of AD and mild cognitive impairment
(MCI) patients progressing to AD [1]. In addition, several radiological techniques are also used to support the
clinical diagnosis of AD, such as fluorodeoxyglucose positron emission tomography (FDG-PET), amyloid PET
and MRI. Progressive cerebral atrophy (the entorhinal cortex is typically the earliest site of atrophy, closely followed
by the hippocampus, amygdala, and parahippocampus) is a characteristic feature of AD neurodegeneration that
can be visualized with structural MRI, as hypometabolism that gradually worsens in the posterior midline cortices
of the parietal (precuneus) and posterior cingulate gyri, the inferior parietal lobule, posterolateral portions of the
temporal lobe, as well as the hippocampus and medial temporal cortices is detectable in FDG-PET scans or amyloid
deposition seen in amyloid-PET scans [2,3]. On the other hand, there are currently no biochemical or imaging
biomarkers so well established for the early diagnosis of other neurodegenerative diseases like Parkinson’s disease
(PD) and PD with dementia (PDD), frontotemporal dementia (FTD), dementia with Lewy bodies (DLB) and
multiple system atrophy (MSA). In this context, in most recent revision of National Institute on Aging–Alzheimer’s
Association guidelines (NIA-AA) criteria [1] the authors underlined the limitations of CSF ‘core’ AD biomarkers.
The anatomopathological alteration detectable in AD and the other main neurodegenerative disorders with or
without dementia associated were grouped in three categories, on the basis of the abnormal deposition in the
brain parenchyma of one of these proteins compared with the others: amyloid deposition (A), tauopathy (T)
and neurodegeneration or neuronal injury (N). This proposal to revise the AD diagnostic criteria is based on
the evidence that the postmortem examination on healthy older adults or patients with other types of dementia
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(vascular dementia [VaD], PDD, FTD, etc.) identified the same amyloidosis and neuronal degeneration that are
detectable in AD patients [4]. In this sense, researchers hypothesized a ‘continuum’ in neurodegeneration that linked
together the clinical phenotypes expressed in old patients with dementia, so called ‘late onset dementia, ILODs’ [5].
This heterogeneous group included, for example, patients with late onset AD or FTD, PD patients that develop
dementia several years after the onset of motor symptoms or patients with dementia that not fulfilled all diagnostic
criteria for AD. In this spectrum we should also consider asymptomatic elderly people with the evidence of Aβ-
amyloid aggregation or neurofibrillary tangles that will not develop dementia [5,6]. These limitations emphasize
the need for more specific and sensitive biomarkers in both CSF and other biological fluids to possibly improve
the accuracy of the early diagnosis of neurodegenerative disorders. The final goal is to improve early diagnosis and
diagnostic accuracy.

Neurodegenerative disorders are recognized as multifactorial diseases and their onset is strongly associated with
age [7]. Among the multiple factors associated with development of neurodegenerative diseases like AD [8,9],
systemic or CNS-related alterations of lipids and their protein carriers seem to have a central pathogenetic role,
as shown by epidemiological and molecular studies [10]. Indeed, the strongest genetic risk factor for sporadic
AD is the presence of the apolipoprotein E (APOE) epsilon 4 (ε4) allele, related to lipid transport and Aβ

metabolism [11,12]. It is also interesting to note that α-Synuclein (α-Syn), the main misfolding protein in PD, has
been hypothesized to function as a fatty acid binding protein (FABP) in the CNS [13]. α-Syn seems also to affect
brain lipid metabolism, facilitating brain phospholipids fatty acid turnover by influencing endoplasmic reticulum-
localized lipid biosynthetic enzymes [14]. Besides apolipoproteins, FABPs, a family of intracellular lipid carriers,
are currently studied for their possible role as putative neurodegeneration biomarkers. Among FABPs, FABP3 has
been linked to the molecular mechanisms of neurodegeneration, being also proposed as candidate biomarker, due
to its increase in the CSF of patients with AD, PDD, DLB and VaD [15–18]. The aim of this review is to describe
the emerging role of this protein, considering: physiological and pathological interactions with amyloid plaques
formation and α-Syn oligomerization; its role as biomarker for the main neurodegenerative disorders not only in
patients with dementia. Brain lipids play a fundamental role in CNS physiology, with their heterogeneous range of
functions such as: formation and remodeling of cellular membranes; regulation of synaptic functions; modulation
of intracellular signaling and receptor–ligand interactions [19,20]. Long-chain polyunsaturated fatty acids (PUFAs),
such as docosahexaenoic acid (DHA; omega-3) and arachidonic acid (ARA; omega-6), are essential fatty acids in
the mammalian brain [21]. Their inclusion in the membrane phospholipids is known to modulate the fluidity and
permeability of cell membranes and contribute to the bilayer dynamics and neurite growth [22]. Furthermore, PUFAs
can regulate the formation of lipid rafts, which play an important role in neurotransmission, ion channel formation
and synaptic plasticity [23]. In young rats, the administration of DHA improved learning ability [24] suggesting a
potential role of PUFA in memory and cognitive processes. In a transgenic AD mouse model, that exhibits both
Aβ and tau pathologies [25], DHA supplementation caused a significant reduction in soluble and intraneuronal Aβ

levels as well as tau phosphorylation [26] both in hippocampus and parietal cortex. In a neuroblastoma cell line,
treatment with high DHA levels directly inhibited the amyloidogenic β- and λ-secretase activities, resulting in
a dose-dependent reduction of Aβ levels and a gain of function of nonamyloidogenic amyloid precursor protein
(APP) processing [27]. The intracellular transport of fatty acids, cholesterol and retinoids is facilitated by FABPs, a
multigene family of small lipid-binding proteins, widely expressed in mammalian tissues [28].

FABP3 in CNS & neurodegeneration
Three types of FABPs are mainly expressed in the CNS: FABP3 (heart-type FABP) has a preference for binding
omega-6 PUFA; FABP5 (epidermal-type FABP), which binds saturated fatty acids; and FABP7 (brain-type FABP),
with a preference for omega-3 PUFA [16]. The principal functions of FABPs in the CNS are being elucidated by
a combination of gene knockout mouse models, cell culture studies, molecular analyses of gene regulation and
the examination of gene polymorphisms and their physiological correlates [17–19]. In CNS, they were first purified
in rodents as a protein fraction of low molecular weight capable of binding labeled oleic acid [29]. This protein
was later revealed to be identical to FABP3 in humans [30]. The specific role of FABPs, in particular of FAPB3, in
transporting PUFAs, might link their role as lipid transporters to the regulation of membrane composition and
fluidity, and to the pathogenesis of principal neurodegenerative disorders, [31] as summarized in Figure 1.

In the CNS, FABP3 mRNA is barely detectable during embryonic development and it gradually increases after
birth until adulthood [16–19]. In the adult brain FABP3 is mostly expressed in the gray matter of olfactory mitral cell
layer, cerebral neocortex (layers II–VI) and hippocampal CA1 and CA2 portions [16,17], where it may play a role in
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Figure 1. FABP3 roles. FABP3 belongs to the multigene family of fatty acid binding proteins that work as protein
carriers of polyunsaturated fatty acids. (A) In brain the most abundant polyunsaturated fatty acids are
docosahexaenoic acid (on the left) and arachidonic acid (on the right) mostly transported by this protein. FABP3 seems
to be not just involved in lipid transport in the brain, but it seems to play a pivotal role in neurodegeneration. (B) In
dopaminergic neurons FABP3 interacts with the D2 receptor and may modulate emotional responses. (C) FABP3 could
also facilitate α-Synuclein oligomerization. (D) FABP3 seems to be implicated indirectly in early formation of β-amyloid
plaques by its interaction with lipids and its role in modulating lipid rafts (more details and definitions in the text).

neuronal synapse formation [17–19]. FABP3 physiological role in CNS as a PUFAs binding protein has been studied
using FABP3 null mice. Lack of FABP3 expression induced a reduced phospholipids mass in brain, compared with
the wild-type phenotype. Interestingly, a different effect was noticed for the incorporation of palmitic and ARA in
phospholipids by FABP3 ablation, while palmitic acid incorporation was unchanged, showing that FABP3 may be
specifically involved in n-6 fatty acid transport/metabolism, not compensated by expression of other FABPs [25].
ARA is quantitatively one of the most common PUFAs in brain and ARA knockout mice display hippocampal
and cortical atrophy [32]. Furthermore, ARA and indirectly FABP3 as its crucial lipid carrier may also have a role in
amyloid plaques formation, neuroinflammation and NDMA receptor synaptic signaling [32].

The role of FABP3 in neurodegeneration seems not only limited to AD but may be also related to α-Syn
accumulation pathways and deregulation of the dopaminergic pathway in synucleinopathies. Using yeast two-
hybrid system with a mouse brain cDNA library, FABP3 was shown to be co-localized to the D2 receptor (D2R)
positive cells, where it seems to interact with a long isoform of this receptor, previously associated with several
neuropsychiatric disorders [33]. Dopamine D2 receptor is a G-protein-linked receptor expressed mainly in the
striatum, but also in many other brain regions, including cerebral cortex, globus pallidus, substantia nigra and
nucleus accumbens that can exist in either a state of high affinity for dopamine, D2High, or in a state of low affinity
for dopamine, D2Low [34]. It seems to be involved in several biological processes including emotional response,
development of psychosis in schizophrenia and other psychiatric disease and the sensitivity to dopaminergic therapy
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in PD patients [34]. The interaction between FABP3 and D2R, together with the association between a reduction
of dopamine binding density to D2R and PUFAs deficiency in rodents, may suggest that FABP3 could regulate
emotional responses in brain via the cellular uptake of fatty acid and the interaction with D2R [35]. It is also
interesting to note that α-Syn has been hypothesized to function as a fatty acid binding protein in the CNS [36].
Like FABPs, α-Syn is a small cytosolic protein that binds fatty acids with high affinity in vitro. It seems to also
affect brain lipid metabolism, facilitating brain phospholipids fatty acid turnover by influencing endoplasmic
reticulum-localized lipid biosynthetic enzymes [37]. More direct evidence for this hypothesis is provided by a study
that demonstrated that in α-Syn-deficient astrocytes, the cellular lipid pool is altered by reducing the uptake of
16:0 fatty acids, similarly to the effect of FABP3 in cell cultures [38].

FABP3 & AD
AD is a multifactorial disease, characterized by several intertwining pathological processes, including, but not
limited to, the presence of neurofibrillary tangles and neuritic plaques, hypomyelination, neuroinflammation and
cholinergic dysfunction [38,39]. Given the insufficient knowledge about pathological pathways in sporadic AD,
new tools are required to identify the molecular changes underlying the disease. Levels of specific secreted cellular
proteins in CSF or plasma may correlate with pathological changes in the AD brain and can thus be used to discover
altered pathways linked to this disorder. Genetic and pathological studies underlie a key role for Aβ peptide and tau
hyperphosphorylation in AD. The pathological findings in the brain are mirrored in CSF, where levels of soluble Aβ

peptide 1-42 (Aβ42) are decreased in AD CSF, and this reduction has been linked to Aβ42 deposition into amyloid
plaques in the brain parenchyma [40]. On the other hand, the protein tau (t-tau) and its phosphorylated form
at threonine 181 (p-tau181) are increased in the CSF of AD patients. These three markers are currently used to
support the clinical diagnosis of AD and have also shown a good performance in detecting early AD [41]. Moreover,
ratios between the concentration of p-tau181 and total tau (t-tau) or Aβ42 are predictive of future development of
AD in patients with MCI [42] and cognitive decline [43] or brain atrophy in nondemented older adults [44]. Despite
the usefulness of these CSF biomarkers in AD diagnosis, they provide little information on pathways other than
those amyloid and tau related. Some members of the complex molecular networks involved in neurodegeneration,
such as cytokines, chemokines, lipid-binding proteins or growth factors, have been reported to have different
expression levels in patients with neurological diseases compared healthy controls but without a peculiar expression
paradigm that could be useful in clinical routine diagnosis [45]. These limitations have stimulated the application of
‘omics’ technologies in AD, measuring a large numbers of analytes in plasma and CSF, including FABP3, with the
goals of defining disease biomarkers and uncovering potential points of pharmacological intervention [46]. Based
on this model, a 2010 study measured ten different analytes, including FAPB3, both in plasma and CSF of 20 AD
patients and 20 cognitively healthy controls. CSF levels of FABP3 were elevated in patients with AD, those with
incipient AD, and those with clinical AD and concomitant cerebrovascular disease compared with control subjects
(p < 0.01) [47]. Another work showed that CSF FABP3 concentration distinguished between healthy controls and
patients with AD with a sensitivity and specificity of 76 and 84%, respectively. Both patients with AD and MCI
due to AD had higher FABP3 levels in CSF when compared with cognitively healthy controls [48]. Notably, FABP3
diagnostic performance is significantly lower as compared with Aβ42, t-tau and p-tau181 (at least 85% sensitivity
and 80% specificity) and represents the huge limitation in its current use in clinical practice [49]. In the same year
we analyzed the correlation between FABP3 CSF levels and Aβ42, t-tau and p-tau in a group of patients with MCI
(n = 41), AD (n = 32) and subjects with other neurological diseases without dementia (OND, n = 25) followed up
for 4 years. FABP3 levels were higher in AD and in MCI converting to AD (MCI/AD) with respect to OND and to
cognitively stable MCI patients (MCI/MCI), showing a sensitivity of 87% and a specificity of 81% for AD versus
OND, and 46 and 94%, when comparing MCI/MCI versus MCI/AD, respectively. FABP3 correlated strongly
with both t-tau and p-tau possibly showing the role of FABP3 as neurodegeneration biomarker. FABP3/Aβ42 ratio
improved the performance in distinguishing both AD from OND and MCI/AD from MCI/MCI. Additionally, a
significant correlation between FABP3/Aβ42 ratio and Mini Mental State Examination (MMSE) annual decrease
rate was documented [50].

Also Harari, in 2014, found that the FABP3/Aβ42 ratio demonstrates a similar hazard ratio to p-tau/Aβ42,
for disease conversion suggesting that FABP3 may be an independent prognostic factor, increasing at very early
stages of the disease [51]. Recently, another study confirmed this hypothesis [52]. This work examined the CSF
levels of FABP3 as a biomarker for development of dementia in 86 nondemented women aged 70–84 years, who
participated in the Prospective Population Study of Women in Gothenburg for 8 years and its link with Aβ42,
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t-tau, p-tau and CSF/serum albumin ratio. Between 1992 and 2000, eight women developed dementia (four
AD, three VaD, one mixed VaD and AD). Higher CSF FABP3 levels at baseline were related to development of
dementia and in particular AD during follow-up. FABP3 highly correlated with CSF t-tau, p-tau and CSF/serum
albumin ratio, but not with Aβ42. FAPB3 also seems to be related with entorhinal cortex atrophy and APOE ε4
carrier status, as demonstrated by Desikan and co-authors. Using linear mixed effects models, they measured CSF
FABP3 levels in a cohort of 90 cognitively normal healthy older adults (healthy controls [HC]), 139 individuals
diagnosed with amnestic MCI and 66 with probable AD from the Alzheimer’s disease Neuroimaging Initiative. In
this a multiplex-based immunoassay panel, co-varied for age, sex, presence (‘carriers’) or absence (‘noncarriers’) of
at least one ε4 allele of APOE (APOE ε4), diagnostic status (AD vs MCI vs cognitively normal older adults) and
disease severity (Clinical Dementia Rating Scale score at baseline) at baseline, FABP3 levels strongly correlates with
APOE (β-coefficient = 0.86, p = 2.9 × 10-16) as with cortex atrophy in regions of interest for AD, irrespectively
of p-tau status [53].

Considered together, these results suggest a potentially direct role for fatty acid binding proteins in early AD
pathobiology, reflecting CNS lipid dyshomeostasis.

FABP3 & synucleinopathies
α-Syn is the major component of Lewy bodies, the typical intracellular inclusions of PD and other neurodegenerative
disorders like DLB, PDD and MSA. Collectively they are so called synucleinopathies. This 140-amino acid protein
is associated with synaptic vesicles in presynaptic nerve terminals [54], and its accumulation is linked to the
progressive loss of dopaminergic (DA) neurons, a main feature of PD pathogenesis [55]. α-Syn toxicity is triggered
by oligomerization of α-Syn in vitro [56] and in vivo [57], indicating that oligomerization underlies cytotoxic
events in PD. However, mechanisms underlying α-Syn oligomerization are unclear. α-Syn, similarly to FABP3,
can bind fatty acids, particularly PUFAs [58,59], and its oligomerization in cultured mesencephalic neuronal cells
seems to be enhanced by exposure to this kind of fatty acids. Abnormally high PUFAs levels are observed in
α-Syn-transfected mesencephalic neuronal cells and in postmortem examination PD brains, whereas lower levels
are expressed in mice lacking α-Syn [59]. All together these results suggest that PUFAs binding to α-Syn is a key
event in generating pathogenic α-Syn oligomers. The link between FABP3 and α-Syn is further shown by the high
expression of FABP3 in dopaminergic neurons in the substantia nigra pars compacta [60]. FABP3 overexpression
seems to accelerate arachidonic acid-induced α-Syn oligomerization promoting apoptosis in animal models [61]. In
human CSF, α-Syn levels are typically lower in PD than in controls, while in AD its concentration is increased and
correlates with t-tau, suggesting that α-Syn may also be a nonspecific biomarker for DA system degeneration [62].
However, the performance of α-Syn as PD biomarker is currently below the acceptance criteria for its introduction
in clinical practice [63], therefore, new and more sensitive biomarkers are needed to improve the diagnosis of
PD and other synucleinopathies [64]. Several studies have investigated the role of FABP3 as fluid biomarkers in
synucleinopathies, both in CSF and blood. A paper published in 2007 established, in a cohort of patients with
DLB (n = 33), PDD (n = 25) and AD (n = 35), that serum levels of FABP3 significantly differed between DLB
and AD, and PDD and DLB [65]. A coeval research confirmed this hypothesis [66]. The authors measured serum
levels of FABP3 in patients with DLB, PD and AD using a solid-phase enzyme-linked immunoassay. Iodine-123
metaiodobenzylguanidine cardiac scintigraphy was performed on each patient and the heart to mediastinum (H/M)
ratio was also calculated. Serum levels of FABP3 were significantly higher in DLB patients and PD patients than in
AD ones. H/M ratios of the DLB and PD patients were significantly lower than AD ones. The diagnostic value of
the serum FABP3 levels between AD and DLB patients was inferior to that of the delayed H/M ratio of iodine-123
metaiodobenzylguanidine cardiac scintigraphy. Multivariate regression analysis revealed that the delayed H/M ratio
predicted serum FABP3 levels in the PD patients. This work demonstrated that the increase of serum FABP3 in
Lewy body disease patients may be associated with cardiac sympathetic nerve dysfunction.

Interestingly, a 2011 study measured FABP3 in serum samples from patients with either AD (n = 31), PD,
(n = 43) or other cognitive disorders (n = 42) and in 52 healthy controls. FABP3 serum levels were not different
among the diagnostic groups and only correlated positively with age, without any apparent clinical significance [67].
Likewise for AD, CSF FABP3 levels seem to be predictive for developing dementia in patients with PD and
MCI-PD as demonstrated by a regional population-based, prospective cohort study involving 128 nondemented
patients with new-onset parkinsonism (104 with PD, 11 with MSA and 13 with progressive supranuclear palsy,
PSP) who were followed up for 5–9 years [68]. CSF levels of neurofilament light chain protein, Aβ42, t-tau, p-tau,
α-Syn and FABP3 were quantified at baseline and after 1 year and compared with the CSF results from 30 healthy
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control participants. In PD, high neurofilament light chain protein, low Aβ42 and high FABP3 at baseline were
significantly associated with the development of dementia. This peculiar CSF pattern seemed to be also useful in
discriminating between patients with PSP and controls. Recently, our group performed a prospective study in a
large cohort of patients (n = 208), to evaluate CSF FABP3 performance in differentiating between AD, PDD, DLB,
PD and neurological controls. FABP3 levels were significantly increased in patients with AD and DLB compared
with those with PD and controls. Additionally, the combination of FABP3 with p-tau showed high accuracy in
differentiating between AD and DLB, while the combination of p-tau, FABP3 and α-Syn better discriminated
between AD and PDD patients [69]. This two different studies partially differ for the population selected (MCI/PD
vs PDD, and PSP patients and AD patients vs DLB, PDD and PD ones), but agree about the promising role
of FABP3 as a predictor of dementia and its correlation with cognitive decline (measured by MMSE score at
follow-up).

Conclusions
Despite some limitations for its use in clinical practice (it is currently difficult to estimate FABP3 diagnostic value
in plasma due to its higher expression in peripherical tissues, especially heart and CNS; further investigations
are needed to validate its role in atypical parkinsonisms and neurodegeneration) FABP3 has been proposed as an
unspecific biomarker of neurodegeneration, but not as a specific disease-related marker. In fact, it is not completely
clear whether FABP3 – which has been found to be increased in serum and/or CSF of Creutzfeld–Jakob disease,
traumatic brain injury, ischemic stroke and subarachnoid hemorrhage [14] – represents a marker of neuronal
dysfunction or rather reflects cell death. This findings may imply that FABP3 may be released from brain tissue
into CSF after cell death, or alternatively that FABP3 alone may increase neuron vulnerability to oxidative stress,
as seen in DA neurons during α-Syn oligomerization [59] or at early stages of amyloid plaques formation.

Future perspective
CSF FABP3 represents a promising biomarker for use in clinical practice and several studies suggest that it will
be considered not only a predictive factor for progression to dementia in different neurological disorders, but
also prove useful for differential diagnosis between neurodegenerative diseases, in combination with other CSF
biomarkers.

Executive summary

FABP3 in CNS & neurodegeneration
• FABP3 interferes with the lipid composition, fluidity and function of the cell membrane, being related to Aβ

levels and α-Synuclein pathological alterations. Further studies are needed to establish the functional interaction
between FABP3 and tau.

• Cerebrospinal fluid (CSF) FABP3 are increased in patients with Alzheimer’s disease (AD), Parkinson’s disease (PD)
with dementia, dementia with Lewy bodies (DLB) and also in vascular dementia.

FABP3 & Alzheimer’s disease
• CSF FABP3 levels are increased at early phases of AD and PD, and is associated with the onset of cognitive

deterioration.

• CSF FABP3 levels are significantly increased both in AD and DLB, as compared with PD; the combination with
other biomarkers shows high accuracy in differentiating AD from DLB.

FABP3 & synucleinopathies
• Serum FABP3 levels may discriminate PD versus other parkinsonisms with dementia and AD.
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