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ABSTRACT
Introduction and aim. ABCA12 a member of the ATP-binding cassette transporter superfamily, is known to be involved in lipid 
transport and in the formation of the skin barrier. However, recent evidence also suggests its implication in the pathophysiol-
ogy of neurodegenerative diseases. This review focuses on the molecular mechanisms that could link ABCA12 to neurodegen-
erative processes and its potential as a therapeutic target.
Material and methods. A literature review search was conducted between 200 and 2024 via the databases, which included 
PubMed, Scopus, and Web of Science. There, pertinent studies with relevance to ABCA12 involvement in neurodegenerative 
diseases were searched. This study reviewed pertinent articles on the expression patterns of ABCA12 and its molecular inter-
actions, as well as its contribution to cellular processes, such as lipid homeostasis, inflammation, and neuronal integrity. The 
analysis further included studies on ABCA12 mutations and their associations with neurodegenerative pathologies such as 
Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease.
Analysis of literature. The results from the analysis showed that ABCA12 dysfunction led to disturbances in lipid metab-
olism, accompanied by increased oxidative stress, neuroinflammation, and compromised integrity of the neuronal mem-
brane. The results imply that mutations or dysregulation of ABCA12 exaggerates amyloid-beta aggregation in Alzheimer’s 
disease and dopaminergic neuron loss in Parkinson’s disease. Finally, pathways of ABCA12 functionally interact with other 
core neurodegenerative mechanisms, which include autophagy dysregulation and mitochondrial dysfunction. Preliminary 
preclinical data indicate that altering ABCA12 expression or function diminishes neuroinflammation and restores cellular 
homeostasis.
Conclusion. ABCA12 plays an important role in maintaining neuronal health and its dysfunction contributes to neurodegen-
erative processes. Targeting pathways related to ABCA12 seems promising to mitigate disease progression in neurodegenera-
tive diseases. More research is still required to elucidate its precise molecular mechanisms and identify specific interventions.
Keywords. ABCA12, central nervous system cholesterol homeostasis, lipid metabolism, neurodegenerative diseases
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Introduction
ABCA12 has been considered a critical member of 
the family of transporters of the ATP-binding cassette 
(ABC), for which members have primarily been known 
for lipid translocation across cellular membranes, espe-
cially in skin keratinocytes.1 Its role has been quite well 
characterized with respect to the function of the skin 
barrier, in which the major role of ABCA12 is the trans-
port of glucosylceramides, prime constituents of the 
lipid bilayer as lamellar granules in the process of ke-
ratinization. Main defects in this process, attributed to 
mutations in the ABCA12 gene, are the major cause for 
a severe skin disorder known as Harlequin ichthyosis, 
wherein there is defective lipid transport leading to de-
fective barrier function. This is characterized by thick-
ened skin, severe desquamation, and a compromised 
epidermal barrier that often leads to life-threatening 
dehydration and infections. Although such a gene has 
been very important in maintaining health of the skin, it 
appears current evidence indicates that ABCA12 func-
tions outside of skin homeostasis and lipid metabolism 
is central to most other tissues, particularly the, cen-
tral nervous system (CNS).2 Recent studies have shown 
the expression of ABCA12 in the CNS suggesting in-
volvement in lipid metabolism within the brain.3 Lip-
id homeostasis is crucial to neuronal integrity, synaptic 
function, and membrane fluidity, and its disruption is 
increasingly implicated in neurodegenerative disease 
pathology.4 For example, aberrant lipid metabolism has 
been linked to protein aggregation, oxidative stress, and 
mitochondrial dysfunction in diseases like Alzheimer’s 
disease (AD), Parkinson’s disease (PD) and Hunting-
ton’s disease (HD).5 ABCA12 has been known for ages 
to be associated with lipid trafficking. As such, dysfunc-
tion in it is thought to lead to increased imbalance in 
lipids that may cause neurodegeneration.3

Dysregulation of lipids can be neurotoxic and could 
influence the properties of neuron membranes, im-
pairing membrane fluidity and composition and thus 
affecting synaptic plasticity and neurotransmission.6 
Moreover, lipids such as sphingolipids and ceramides 
play a significant role in cell signaling pathways, in-
flammation, and programmed cell death. Any form of 
dysregulation in such lipid species may worsen neuro-
degenerative processes.7 For instance, AD-amyloid-β 
plaques and tau protein tangles, which are similar in this 
case, are hallmarks of the disease; both of these are mod-
ulated by lipid environments.8 PD includes α-synuclein 
aggregation, which is sensitive to lipid interactions.  HD 
also includes disturbances in lipid metabolism especial-
ly cholesterol and phospholipids that have been impli-
cated in neuronal dysfunction and death.

These links of lipid dysregulation to neurodegener-
ation make ABCA12, in particular through its function 
in lipid trafficking, a highly promising candidate to pur-

sue studies on neurodegenerative diseases. Dysfunction 
in ABCA12 could potentially lead to lipid imbalance in 
neurons, providing a new mechanism by which these 
diseases might develop and progress. Being particular-
ly relevant because glucosylceramides are crucial to cell 
membrane structural integrity, its further potential role in 
the transport of glucosylceramide makes ABCA12 par-
ticularly relevant.9 Disruptions in this transport pathway 
potentially affect the stability of neuronal membranes 
leading to a chain reaction and neurodegeneration.10

Besides mechanistic roles, ABCA12 is a promis-
ing potential therapeutic target for neurodegenerative 
diseases. Modulation of ABCA12 activity or correc-
tion of its dysfunction could restore lipid homeostasis, 
thus providing an avenue for attenuating the pathologi-
cal processes that might drive neurodegeneration.11 Tar-
geted therapies directed at enhancing the function of 
ABCA12 or compensating for its loss might have much 
broader implications than aiding to alleviate the derma-
tological condition called Harlequin ichthyosis because 
they might influence all neurological disorders.12 Fur-
ther, ABCA12, in terms of being a therapeutic target, 
will lead to treatments that are aimed at gaining back 
balance in lipid level-a feature not yet implicated in neu-
rodegenerative disease research.

ABCA12 has been studied for quite a long time due 
to its function regarding lipid transport in skin. How-
ever, because of its involvement with neurodegenera-
tion, this might open very new fields of doing further 
research. The increasing strength of the evidence for ex-
pression within the CNS and critical function in lipid 
trafficking indicate that ABCA12 may play a very sig-
nificant role in the causation of diseases like AD, PD, 
and HD.13 Knowledge of the molecular mechanisms by 
which ABCA12 contributes to lipid dysregulation in the 
brain could open the gates to innovative therapeutic 
strategies for these devastating conditions.

Aim
This review focuses on the molecular mechanisms that 
could link ABCA12 to neurodegenerative processes and 
on its potential as a therapeutic target.

Material and methods
A thorough literature search was conducted via the da-
tabases, which included PubMed, Scopus, and Web 
of Science. There, pertinent studies with relevance to 
ABCA12 involvement in neurodegenerative diseases 
were searched. The articles highlighted were between 
2000 and 2024. This study reviewed pertinent articles 
on the expression patterns of ABCA12 and its molec-
ular interactions, as well as its contribution to cellular 
processes, such as lipid homeostasis, inflammation, and 
neuronal integrity. The analysis further included studies 
on ABCA12 mutations and their associations with neu-
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rodegenerative pathologies such as Alzheimer’s disease, 
Parkinson’s disease, and Huntington’s disease.

Analysis of the literature
Molecular structure and protein function
The ABCA12 gene is one of the largest transmembrane 
proteins encoded at chromosome 2q34 and belongs 
to the ABC transporter family.14 Like the entire fami-
ly of the ABCs, ABCA12 is composed of two nucleo-
tide-binding domains (NBDs) and two transmembrane 
domains. These NBDs use the energy from the hydro-
lysis of ATP to transport lipids out of the plasma mem-
brane. This opens up the possibility that ABCA12 drives 
glucosylceramides and other lipids into the lamellar 
bodies of skin cells, a necessary aspect of forming the 
epidermal barrier.15

Transport of lipids and cholesterol metabolism role of 
ABCA12
The central role of ABCA12 in lipid metabolism is in 
the transport of ceramides and glucosylceramides, both 
key components of the lipid bilayer that play a prom-
inent role in maintaining membrane integrity with-
in the neurons in the CNS while modulating synaptic 
transmission.16 Another possible function of ABCA12 
is in cholesterol homeostasis, since cholesterol is itself 
integral to the lipid bilayer and lipid rafts – the micro-
domains implicated in protein trafficking and signal 
transduction.

Potential roles in neuronal lipid regulation
Although the exact function of ABCA12 in the CNS is 
yet to be fully elucidated, it is clear that lipid transporters, 
such as ABCA12 can impact neuronal health. ABCA12 
may regulate the balance of cholesterol and ceramides 
within the cell membranes of neurons, a balance critical 
for synaptic function, myelination, and neuronal surviv-
al.3 CNS ABCA12 dysregulation could lead to lipid im-
balances contributing to neurodegeneration.17

Factors regulating ABCA12 expression
The expression of ABCA12, a critical lipid transport-
er implicated in epidermal barrier function, is finely 
controlled by a variety of factors, including transcrip-
tion factors, microRNAs, epigenetic mechanisms, lipid 
levels, oxidative stress, inflammation, hormonal regu-
lation, pharmacological agents, and keratinocyte dif-
ferentiation signals.18 Understanding these regulatory 
mechanisms can provide insight into the molecular ba-
sis of skin homeostasis and disorders associated with 
ABCA12 dysfunction.19 

Transcription factors
Specific transcription factors influence ABCA12 expres-
sion by binding to its promoter or enhancer regions. For 

instance, peroxisome proliferator-activated receptors 
(PPARs), which regulate genes involved in lipid me-
tabolism, might directly or indirectly affect ABCA12. 
PPARγ, highly expressed in keratinocytes, could en-
hance ABCA12 expression to facilitate lipid transport 
necessary for forming the skin barrier. Dysregula-
tion of such transcription factors can lead to abnormal 
ABCA12 levels and associated skin conditions.1 Several 
transcription factors regulate ABCA12 expression:

PPARs
PPARs, especially PPAR-α and PPAR-γ, are nuclear re-
ceptors. They regulate lipid metabolism and skin barri-
er integrity, positively regulating ABCA12 transcription. 
This enhances lipid transport necessary for epidermal 
differentiation.20 PPAR-γ and PPAR-β/δ activation was 
found to highly induce ABCA12 mRNA in cultured hu-
man keratinocytes in a dose- and time-dependent man-
ner. The upregulation of ABCA12 mRNA is followed by 
an increase in the protein levels, thus implying a biolog-
ically significant effect. In contrast, ABCA12 expression 
is not significantly changed when PPAR-α or retinoic 
acid receptor, retinoid X receptor, or vitamin D recep-
tors are activated.21

Sterol regulatory element-binding protein 1
Sterol regulatory element-binding protein 1 (SREBP-1) 
is a primary regulator of lipid biosynthesis. Direct ev-
idence is scarce, but it can be noted that SREBP-1 is 
linked to the regulation of ABCA12 through its influ-
ence on expression. Related ABC transporters, such as 
ABCA1, have been studied extensively, providing infor-
mation on mechanisms of regulation. For example, the 
close relative of SREBP-1 is SREBP-2.22 This has been 
demonstrated to activate ABCA1 by enhancing the syn-
thesis of oxysterol ligands that activate liver X recep-
tors for the promotion of transcription of ABCA1. With 
structural and functional similarities existing between 
ABCA1 and ABCA12, SREBP-1 may have an indirect 
influence on ABCA12 through similar lipid metabolism 
pathways involving LXR activation.23

Specificity protein 1 and 3 (SP1 and SP3)
SP1 and SP3 directly bind to the GC-rich promoter 
regions of the ABCA12 gene. They respond to stress 
signals, differentiation, and metabolites, thereby mod-
ulating ABCA12 expression tightly. SP1 has activator 
function, while SP3 can act as activator or repressor un-
der certain cellular conditions, creating a dynamic con-
trol. Thus, it can control the gene transcription at several 
cellular signals.

MicroRNAs
MicroRNAs, abbreviated as miRNAs, are short, 
non-coding RNA that modulate gene expression 
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post-transcriptionally.24 Certain specific miRNAs that 
are targeted to the ABCA12 mRNA reduce its level of 
protein, thus inhibiting lipid transport and altering skin 
barrier formation. Important miRNAs involved in regu-
lating ABCA12 are as follows:

miR-21
MicroRNA-21 (miR-21) is a well-characterized miR-
NA involved in various biological processes, including 
development, cancer, cardiovascular diseases, and in-
flammation.25 It regulates gene expression by binding 
to target mRNAs, leading to their degradation or trans-
lational inhibition. As an inflammation and cell prolif-
eration-related miRNA, it may downregulate ABCA12 
expression, associating it with the dysfunctional lipid 
barrier in inflammatory disease.

miR-29b
MicroRNA-29b (miR-29b) is part of the miR-29 family, 
which includes miR-29b. This family is known to regu-
late various genes involved in processes such as fibro-
sis, apoptosis, and lipid metabolism.26 Notably, miR-29b 
has been shown to target DNA methylation-related en-
zymes, influencing epigenetic modifications. This miR-
NA is related to the differentiation of skin and can target 
pathways associated with ABCA12, thus modulating its 
expression during keratinocyte maturation.27

Epigenetic mechanisms
Epigenetic regulation by DNA methylation and histone 
modifications can also significantly affect ABCA12 ex-
pression.28 DNA methylation involves the addition of 
methyl groups to cytosine bases in the promoter region 
of CpG islands. Generally, DNA methylation suppresses 
gene expression, while hypermethylation of its promot-
er could silence transcription. For this reason, in certain 
disorders affecting the skin, one could anticipate this to 
be due to silencing of its transcription.29 For example:

DNA methylation
DNA methylation is an epigenetic modification that in-
volves the addition of methyl groups to cytosine residues 
in the DNA. The role of DNA methylation is important 
in the regulation of gene expression.30 Hypermethyla-
tion of promoter regions results in gene silencing, but 
hypomethylation might lead to gene activation. Hyper-
methylation of the ABCA12 promoter region would 
result in gene silencing, thereby contributing to the de-
fects of the epidermal barrier.1

Histone modifications
Histone modifications, including methylation and 
acetylation, play a significant role in the regulation of 
gene expression through changes in chromatin struc-
ture and accessibility.31 These epigenetic changes can 

either promote or inhibit the transcription of specific 
genes. In the case of ABCA12, a gene involved in lipid 
transport in keratinocytes and critical for skin barrier 
function, direct studies linking histone modifications to 
its expression are scarce. Histone acetylation and meth-
ylation patterns influence chromatin accessibility and 
transcription of ABCA12, especially in the presence of 
environmental stressors.

Lipid levels
ABAC12 is a critical lipid transporter in keratinocytes 
responsible for maintaining the skin lipid barrier. Al-
though the amount of studies directly related to system-
ic lipid levels with expression is limited, the knowledge 
on the general relationship of lipid metabolism with 
ABCA12 function does provide insightful knowledge.32 
ABCA12 activity is coupled with lipid metabolism Par-
ticular lipids, such as:

Ceramides
Ceramides are critical lipid components in the epider-
mis; they are involved in an important function of reg-
ulating ABCA12, a membrane transporter critical for 
lipid export in keratinocytes. The scientific evidence 
suggests that ceramides up-regulate the expression of 
ABCA12 through the signaling pathway of PPARδ. 
These are needed for the formation of the lipid barrier, 
ceramide levels can act as response to regulate ABCA12 
expression.33

Sphingolipids
The family of diverse lipids comprises ceramides, sphin-
gomyelins, and sphingosine-1-phosphate, all very im-
portant in regulating ABCA12 expression as a necessary 
transporter for lipid transport across keratinocytes.34 
However, studies suggest that certain ceramides activate 
this transporter through the PPARδ-mediated signaling 
pathway. These lipids are crucial for skin homeostasis 
and may regulate ABCA12 activity through signaling 
pathways that affect keratinocyte differentiation.1

Oxidative stress
Oxidative stress regulates ABCA12 expression through 
reactive oxygen species (ROS) mediated signaling path-
ways. ROS can alter the activity of transcription factors 
or induce epigenetic changes, resulting in dysregulat-
ed ABCA12 expression and impaired skin barrier func-
tion.35

Inflammation
Chronic inflammation in the skin, as in psoriasis or ec-
zema, can affect the expression of ABCA12. The pro-in-
flammatory cytokines, tumor necrosis factor-α (TNF-α) 
and interleukin (IL)-1β, may interfere with normal lipid 
transport either by directly repressing the transcription 
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of ABCA12 or by changing the differentiation process of 
keratinocytes.36 The interference leads to impaired func-
tion of the skin barrier and worsens the skin condition. 
Inflammatory cytokines can regulate ABCA12 expres-
sion:

TNF-α
TNF-α is a proinflammatory cytokine that significant-
ly regulates lipid transporters, which include the ABC 
transporter family.37 The expression of ABCA1 by 
TNF-α is mediated by the NF-κB pathway. The upreg-
ulation leads to increased cholesterol efflux during the 
phagocytosis of apoptotic cells, linking inflammatory 
signals to lipid efflux pathways. Prolonged exposure to 
TNF-α decreases ABCA12 expression, which affects lip-
id transport.38

IL-1β and IL-6
The cytokines change the expression pattern of ABCA12 
through mechanisms dependent on altering keratino-
cyte proliferation and differentiation, thereby promot-
ing inflammation and disrupting the skin barrier.39

Hormonal regulation
This vitamin A metabolite increases ABCA12 transcrip-
tion by binding to nuclear retinoic acid receptors, which 
activate keratinocyte differentiation and lipid metabo-
lism.1 Retinoic acid generally activates genes responsi-
ble for keratinocyte differentiation and lipid transport; 
therefore, it is likely to promote ABCA12 expression. 
Corticosteroids, although anti-inflammatory, tend to 
suppress the expression of some skin barrier genes, 
which may affect ABCA12 levels.

Keratinocyte differentiation signals
The differentiation of keratinocytes, a critical process for 
the formation of the epidermal barrier, is tightly coupled 
with ABCA12 regulation. Differentiation signals, includ-
ing calcium gradients and activation of epidermal growth 
factor receptor pathways, enhance ABCA12 expression 
to support lipid transport and skin barrier maturation.27

ABCA12 and neurodegenerative diseases
ABCA12 plays a crucial role in neurodegenerative dis-
eases like AD, PD and HD (Fig. 1).

Lipid homeostasis in neurodegeneration
There is a crucial requirement for lipid homeostasis in 
neuronal function, and it has been observed that al-
terations in lipid metabolism can directly contribute 
to neurodegenerative diseases.40 Cholesterol and cera-
mides are used by the CNS to maintain cell membrane 
integrity, synaptic function, and intracellular signaling. 
ABCA12 plays a critical role in lipid transport; muta-
tions or dysfunction in ABCA12 may cause imbalances 

in lipids, which in turn contribute to neurodegenerative 
disease processes, such as protein aggregation, oxida-
tive stress, and mitochondrial dysfunction.41 ABCA12 
in AD is characterized by the accumulation of amyloid 
plaques and neurofibrillary tangles (NFTs), and increas-
ing evidence has come to indicate that lipid metabolism 
is a key component in these pathological processes.3

Fig. 1. Molecular pathway linking ABCA12 dysfunction via 
amyloid plaque formation in AD, α-synuclein aggregation 
in PD, and huntingtin protein aggregation in HD

Cholesterol transport and amyloid plaque formation
An essential role of cholesterol plays in Aβ plaques is the 
formation of the Alzheimer’s disease. Dysregulation of 
lipid transport will probably disturb cholesterol homeo-
stasis, and these disturbances might augment the Aβ 
plaque formation.42 This interaction between cholesterol 
and amyloid-β peptide production takes place through 
the processing of APP by beta-secretase.43 The impaired 
cholesterol transport could enhance amyloidogenic 
APP processing, thereby promoting plaque deposition.3

ABCA12 and tau pathology  
In addition to amyloid plaques, tau protein hyperphos-
phorylation and aggregation into NFTs are the hallmark 
of Alzheimer’s pathology. Lipid metabolism is consid-
ered to impact tau phosphorylation, while ABCA12, by 
modulating membrane lipid composition through lipid 
transport, indirectly acts on tau pathology. It has been 
suggested that levels of ceramides regulated by ABCA12 
could be influential in tau aggregation and neurodegen-
erative processes.44

ABCA12 in PD
PD is typified by the aggregation of α-synuclein (αSyn) 
in Lewy bodies and the degeneration of dopaminergic 
neurons in the substantia nigra.45 Emerging evidence 
ties lipid metabolism to αSyn aggregation and the de-
velopment of PD.

Lipid dysregulation and αsynuclein aggregation
αSyn synuclein is a lipid-binding protein whose inter-
action with neuronal membranes may be enhanced by 
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lipid imbalance.46 The role of ABCA12 in lipid homeo-
stasis may play an important role in countering the mis-
folding and aggregation of αSyn.47 ABCA12 disruption 
can impair lipid transport and alter membrane compo-
sition, thus hastening αSyn aggregation that may cause 
neuronal toxicity and PD.48

Mitochondrial dysfunction and ABCA12
Mitochondrial dysfunction is characterized by PD, and 
recent evidence has implicated lipid transporters such 
as ABCA12 in maintaining mitochondrial integrity.49 
As lipids make up a significant part of the molecules 
present in mitochondria, lipid transport is of significant 
importance for the preservation of mitochondrial mem-
brane structure and function.50 Lipid metabolism dis-
ruptions associated with ABCA12 may therefore lead 
to compromised mitochondrial function and enhanced 
oxidative stress and neuronal death, potentially making 
them contributory factors in PD pathogenesis.51

ABCA12 in HD
HD is one of the classic genetic neurodegenerative dis-
eases, characterized by aggregation of the mutant hun-
tingtin protein and progressive neuronal loss.52

Lipid metabolism and protein aggregation
A more recent emphasis has been placed on lipid me-
tabolism itself, in that it could substantially contribute 
to the aggregation of the mutant huntingtin protein-a 
central aspect of HD pathology. The lipid imbalance due 
to ABCA12 dysfunction may accelerate huntingtin ag-
gregation. Of the sphingolipids, ceramides are highly as-
sociated with cellular stress responses and may modify 
aggregation of misfolded proteins in HD.53

Neuronal lipid imbalance and cell death mechanisms
Synaptic function is primarily supported by membrane 
lipids, the homeostasis of which is essential for the sur-
vival of neurons in HD. ABCA12-mediated lipid trans-
port can modulate the neural membrane composition.54 
Disrupted function of this protein may trigger apoptosis 
via the lipid-dependent pathways of cell death. Further, 
disrupted ceramide and cholesterol transport could fa-
cilitate increased neuronal susceptibility to stress and 
more rapid neurodegeneration in HD.55

Molecular mechanisms implicating ABCA12 in neuro-
degenerative processes
ABCA12, lipid rafts, and membrane dynamics in neurons
Lipid rafts are highly enriched plasma membrane mi-
crodomains mainly composed of cholesterol and sphin-
golipids; these microdomains play an important role in 
neuronal signal transduction and protein trafficking.56

ABCA12 regulates these lipids; aberrant ABCA12 
function may disrupt the lipid raft composition and im-

pair synaptic signaling, which seems to contribute to 
neurodegenerative processes.2 Changes in lipid raft in-
tegrity have been associated with the pathology of AD 
and PD, where disrupted cascades of signaling promote 
protein aggregation and neuronal loss.57

Oxidative stress and neuroinflammation
Oxidative stress and chronic neuroinflammation are 
major characteristics of neurodegenerative diseases, 
and ABCA12 could influence such processes through 
its function in lipid transport.58 Ceramides, whose lev-
els the ABCA12 modulates, have been demonstrated to 
be implicated in neurons as oxidative and inflammatory 
mediators.41 High accumulation of ceramides attributed 
to defective ABCA12 functionality may enhance neu-
roinflammatory responses and promote damage and de-
generation of neurons.2

Lipid transport disruption and mitochondrial dysfunction
ABCA12 is essential in the maintenance of lipid balance 
in cellular membranes, including mitochondrial. Main-
tenance of high ATP production and the avoidance of 
ROS formation in mitochondrial membranes are con-
tingent upon correct lipid composition.59 Dysregulation 
of ABCA12 can cause mitochondrial lipid imbalance 
leading to mitochondrial dysfunction and oxidative 
stress-apoptosis in neurons, which form some of the 
fundamental features of diseases such as Alzheimer’s 
and Parkinson’s.17

Neuronal apoptosis and ABCA12 dysregulation
Neuronal apoptosis in neurodegenerative diseases of-
ten appears to be associated with disorders in lipid me-
tabolism. ABCA12 plays a role in the protection of the 
cell from lipid-induced apoptosis through regulation of 
ceramide. Ceramides are pro-apoptotic lipids, and ab-
normalities in its levels due to dysfunction of ABCA12 
can activate the apoptotic pathway leading to subse-
quent neuronal death.60 Being able to comprehend how 
this dysfunction may associate with apoptotic signaling 
pathways in neurons might thus open fresh avenues for 
the investigation of neurodegenerative mechanisms.61

Mechanisms of endoplasmic reticulum stress and protein 
misfolding in ABCA12-induced neurodegeneration
ABCA12-induced neurodegeneration could be related 
to complicated mechanisms involving endoplasmic re-
ticulum (ER) stress and protein misfolding. The ER has 
great importance in the synthesis, folding, and lipid me-
tabolism of proteins.62 Pathological consequences may 
occur in neural tissues when the ABCA12 is dysfunc-
tional and disrupts these processes. Genetic mutations 
in ABCA12 can result in improperly folded proteins 
that fail to achieve functional conformation, accumulat-
ing in the ER. Misfolded ABCA12 may aggregate, over-
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whelming the ER’s protein quality control systems and 
leading to proteostasis imbalance.38 Accumulated mis-
folded proteins activate the unfolded protein response 
(UPR), a protective mechanism aimed at restoring ER 
homeostasis. Without being resolved, chronic UPR sig-
nalling becomes inappropriate and leads to neuronal 
apoptosis while intensifying neurodegenerative pro-
cesses.

UPR major pathways
Protein kinase RNA-like ER kinase (PERK)
The PERK pathway represents one of the major limbs 
of the UPR, active during ER stress.63 PERK has a pro-
tective function to reduce the load of unfolded or mis-
folded proteins in the ER, however, its prolonged or 
otherwise dysregulated activation can lead to patho-
logical outcomes, which are particularly pronounced in 
neurons.64 When ER stress is present, PERK phosphor-
ylates eIF2α, leading to an inhibition of global protein 
translation. This event avoids the accumulation of mis-
folded proteins in the ER and allows the cell to chan-
nel its resources towards quality control of proteins. 
Meanwhile, PERK-induced phosphorylation of eIF2α 
selectively increases the translation of ATF4, which is a 
transcription factor that activates genes involved in re-
dox balance, autophagy, and amino acid metabolism.65 
But chronic activation of PERK leads to a disruption 
of cellular homeostasis. The availability of crucial pro-
teins for neuronal survival and maintenance is reduced 
by persistent translation inhibition. In addition, extend-
ed ATF4 expression leads to the activation of CHOP 
(C/EBP Homologous Protein) and drives apoptotic 
pathways. Overactivation of PERK has been associated 
with synaptic dysfunction, impaired memory, and neu-
rodegenerative diseases such as Alzheimer’s and Par-
kinson’s.66 PERK activity also leads to interference with 
axonal transport and mitochondrial function that wors-
ens neuronal vulnerability. Targeting the PERK path-
way therapeutically is complex. While PERK inhibitors 
can mitigate neurodegeneration, they risk increasing ER 
stress by allowing uncontrolled protein synthesis. Bal-
ancing PERK activity remains a critical challenge in de-
veloping treatments for ER stress-related neurological 
diseases.67

Inositol-requiring enzyme 1
Inositol-requiring enzyme 1 (IRE1) is another critical 
sensor of ER stress and the most conserved UPR path-
way. It has dual functionality: an endoribonuclease ac-
tivity that processes mRNA and a kinase activity that 
regulates downstream signalling.68 Upon ER stress, 
IRE1 autophosphorylates, thus activating its endoribo-
nuclease domain. It splices the X-box binding protein 1 
mRNA into a spliced variant known as XBP1s, a potent 
transcription factor that induces the genes associated 

with ER-associated degradation (ERAD), folding, and 
lipid metabolism for the efficient removal of proteins 
and restoration of ER homeostasis.69 However, sustained 
IRE1 activity may be shifted from adaptive to maladap-
tive responses. Uncontrolled endoribonuclease activity 
causes degradation of specific mRNAs and microRNAs, 
disturbing cellular homeostasis. Prolonged activation 
also leads to inflammation due to the production of 
pro-inflammatory cytokines and c-Jun N-terminal ki-
nase activation.70 In neurons, IRE1 activity for extend-
ed periods contributes to oxidative stress and apoptosis, 
causing neurodegeneration. Moreover, excessive IRE1 
activity enhances inflammatory cascades and, hence, 
it may also be related to chronic neuroinflammation, a 
feature of diseases such as amyotrophic lateral sclerosis 
and multiple sclerosis.71

Activating transcription factor 6
Activating transcription factor 6 (ATF6) is a transcrip-
tion factor that is activated upon ER stress to improve 
the cell’s adaptive capacity. Normally, ATF6 is a precur-
sor residing in the membrane of the ER as an inactive 
form.72 Upon the onset of ER stress, ATF6 translocates 
to the Golgi apparatus, where it is cleaved by site-1 and 
site-2 proteases. This cleavage releases its cytosolic do-
main, which enters the nucleus and activates genes 
related to protein folding, ERAD, and chaperone pro-
duction.73 ATF6 promotes the transcription of molec-
ular chaperones like BiP/GRP78 and GRP94 to assist 
in the folding of proteins and in the mitigation of ER 
stress. The other effectors upregulate components of 
ERAD to ensure removal of terminally misfolded pro-
teins. In neurons, this is crucial to maintain proteosta-
sis and prevent the accumulation of aberrant proteins. 
These mechanisms, however, are compromised through 
the dysregulation of ATF6.74 Reduced activity of ATF6 
impairs cellular responses to ER stress and promotes 
protein aggregation and neurodegeneration. On the 
other hand, prolonged ATF6 activation leads to an im-
balanced proteostasis that exhausts cellular resources 
and exacerbates neuronal dysfunction. In AD, where 
misfolded proteins overwhelm the ER, inadequate 
ATF6-mediated responses correlate with synaptic loss 
and cognitive decline.75

Lipid dysregulation and membrane instability
The ER is the key site for lipid synthesis and homeo-
stasis. Dysfunctions in ABCA12 interrupt lipid trans-
port, which can result in altered lipid composition and 
instability of ER membranes. Lipid dysregulation con-
tributes to ER stress through impairment of membrane 
fluidity and the function of membrane-bound proteins. 
ABCA12 plays an important role in transporting cer-
amides and glucosylceramides into the cell, critical to 
the maintenance of membrane integrity. Deficiency of 
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ABCA12 impairs lipid delivery to the ER and thus af-
fects membrane composition. The lipid imbalance dis-
rupts ER membranes, causing stress, which makes the 
membranes more vulnerable to it, thus impairing the 
ER’s ability to support protein folding and traffick-
ing.76 Changes in lipid composition amplify ER stress by 
changing the environment required for protein folding. 
Lipid imbalances can affect the function of resident ER 
chaperones and enzymes, which leads to protein mis-
folding and aggregation. This forms a vicious cycle, as 
lipid dysregulation aggravates ER stress, which in turn 
increases the burden of misfolded proteins.77

Neuroinflammatory amplification
ER stress in neurons provokes neuroinflammation, which 
increases the loss of neurons and enhances patholo-
gy. This reaction involves cytokine release and the acti-
vation of microglia, which are immune cells present in 
the brain.78 In cytokine release ER stress-induced neu-
ronal damage results in the release of pro-inflammatory 
cytokines, including TNF-α, IL-1β, and IL-6. These cy-
tokines attract immune cells to the site of injury, thus in-
creasing inflammation. Acute inflammation is protective; 
however, chronic cytokine release interferes with neuro-
nal homeostasis, enhancing synaptic dysfunction and cell 
death. Sustained inflammation results in the activation of 
microglia, which then produces more pro-inflammatory 
mediators and ROS.79 Overactivated microglia are part 
of secondary neuronal damage that creates a feedback 
loop in the continuation of inflammation and neuronal 
injury. This is the mechanism in neurodegenerative dis-
eases such as Alzheimer’s and Parkinson’s, where chron-
ic neuroinflammation accelerates the progression of the 
disease.80 Targeting neuroinflammatory amplification 
includes inhibition of cytokine signaling or microgli-
al modulation. Anti-inflammatory drugs and microglial 
inhibitors are being researched as potential therapeutic 
agents in neurodegenerative disorders.

Apoptotic pathways
Prolonged ER stress activates apoptotic pathways to 
eliminate highly damaged cells. CHOP is a transcrip-
tion factor induced by sustained UPR signaling, mainly 
through the PERK-eIF2α-ATF4 pathway. CHOP pro-
motes apoptosis by disrupting mitochondrial function 
and upregulating pro-apoptotic genes such as Bim and 
Bax. It also suppresses anti-apoptotic factors, thus shift-
ing the balance toward cell death. In neurons, activation 
of CHOP is particularly damaging because neuronal 
loss leads to irreversible functional deficits.66 CHOP’s 
role in neurodegeneration has been well documented 
in ALS and Huntington’s disease. Chronic ER stress ac-
tivates CHOP in these conditions, leading to neuronal 
apoptosis and contributing to disease progression.

ABCA12-ceramide pathogenesis in neurodegeneration
Impairment in ABCA12 function leads to the accu-
mulation of ceramide inside cells. Increased ceramide 
levels activate pro-inflammatory pathways, such as the 
NF-κB pathway, causing chronic neuroinflammation, 
characteristic of neurodegenerative diseases like Alz-
heimer’s and Parkinson’s.2 Ceramide accumulation can 
induce oxidative stress by activating several pro-apop-
totic signaling pathways. This oxidative damage is 
particularly harmful in neurons, which are highly vul-
nerable to oxidative injury.81 Excess ceramide can also 
activate caspase-dependent apoptosis pathways, con-
tributing to the loss of neurons in neurodegenerative 
conditions. In AD, the levels of ceramide in the brain 
have been reported to be high, especially in the hip-
pocampus.7 The imbalance in ceramide synthesis and 
its clearance has been related to the formation of am-
yloid plaques and tau tangles, which are typical features 
of the disease. The involvement of ABCA12 in cera-
mide transport may imply that disruption of this pro-
tein function will exacerbate these processes leading to 
neuronal loss. In PD, ceramide accumulation has been 
linked to dopaminergic neuron death.41 ABCA12 dys-
function could contribute to the degeneration of these 
neurons, as the impaired transport of ceramide disrupts 
cellular functions, including synaptic vesicle trafficking 
and neurotransmitter release. HD has been associated 
with altered lipid metabolism, such as increased cera-
mide levels.53 Considering the role of ABCA12 in main-
taining lipid balance, its dysfunction may promote the 
progression of HD through enhancing neuroinflamma-
tion and cell death.

Ceramides at higher levels can disrupt the normal 
functioning of the cytoskeleton, which is critical for 
maintaining the structure and function of neurons.82 
It leads to neuronal atrophy and dysfunction. Accu-
mulation of ceramides impairs autophagy, which is the 
mechanism by which cells eliminate damaged organ-
elles and proteins.83 In neurons, dysfunctional auto-
phagy leads to the accumulation of toxic aggregates, 
such as tau and α-synuclein, associated with various 
neurodegenerative diseases. ABCA12 dysfunction may 
also affect the lipid rafts, which are membrane micro-
domains that play a role in cell signaling. Disruption 
of these lipid rafts due to the impaired ceramide trans-
port may interfere with synaptic signaling and con-
tribute to neuronal dysfunction.84 Understanding the 
ABCA12-ceramide pathway opens avenues for poten-
tial therapeutic strategies targeting ceramide metab-
olism or ABCA12 activity.  Modulation of ceramide 
metabolism or enhancement of ceramide clearance 
by drugs might alleviate neurotoxic effects due to its 
accumulation.85 Small molecules or gene therapy ap-
proaches for enhancement of the function of ABCA12 
could restore lipid transport, thus reducing pathologi-
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cal effects associated with ceramide accumulation. In-
hibition of inflammation pathways activated due to the 
accumulation of ceramide also offers a potential ther-
apeutic avenue for neurodegenerative diseases caused 
by dysfunction of ABCA12.86

Therapeutic opportunities in the targeting of ABCA12 
in neurodegenerative diseases
Manipulation of lipid transport pathways in neurodegen-
erative disease
However, since the ABCA12 gene participates in lip-
id metabolism, manipulation of lipid transport path-
ways might represent a novel therapeutic approach to 
the treatment of neurodegenerative diseases, either by 
normalizing lipid homeostasis through targeting the 
ABCA12, thus alleviating protein aggregation and oxi-
dative stress, or through indirect compensation by an al-
ternative lipid transport pathway in the case of ABCA12 
dysfunction.87,88

Gene therapy and ABCA12
Gene therapy is a developing field that ensures cure for 
genetic dysfunctions such as those related to ABCA12.2 
In principle, gene therapy should deliver functional cop-
ies of the ABCA12 gene to affected neurons, which can 
correct lipid transport defects and cease the progres-
sion of neurodegenerative diseases.89 Early-phase clini-
cal trials of gene therapies targeting other lipid transport 
disorders form the basis for future ABCA12-targeted 
therapies.

Drug development: lipid modulators and neuroprotective 
agents
Restoration of lipid homeostasis in the CNS might have 
pharmacological interventions that could benefit neu-
rological patients afflicted by neurodegenerative diseas-
es.90 Compounds that modify cholesterol and ceramide 
can rescue neuronal cells from lipid stress. Small mol-
ecules developed to enhance or correct imbalances 
through the functioning of ABCA12 may be useful can-
didates for neuroprotective agents, potentially retarding 
the progression of diseases such as Alzheimer’s, Parkin-
son’s, and Huntington’s.

Challenges and future directions
Although targeting ABCA12 opens new avenues for 
therapy, several hurdles still need to be overcome. The 
CNS is a challenging environment with tightly regulat-
ed lipid metabolism; producing a change in activity of 
ABCA12 within this system without affecting critical 
pathways will require careful modulation.87 Other re-
search will be needed as well, to clarify ABCA12’s role 
in the brain and its interface with other lipid transport-
ers or pathways involved in neurodegeneration.3

Elucidating the function of ABCA12 in CNS lipid homeo-
stasis
While the involvement of ABCA12 in CNS lipid ho-
meostasis is yet to be fully determined, there are im-
portant points it controls in lipids in terms of neuronal 
composition and its implications in neurodegenerative 
processes.44 Such points need to be studied further. An-
imal models in which the brain would lack or malfunc-
tion due to the absence of the ABCA12 gene may help 
better understand the functioning of this gene in neuro-
degeneration.44

Prospect of CRISPR-based gene therapy in ABCA12-as-
sociated therapies  
CRISPR is also the revolutionary tool to correct genetic 
mutations. If the correct mutations in the ABCA12 gene 
are accurately edited by using CRISPR, it may prevent 
the further progress of neurodegenerative diseases that 
are due to ABCA12related disruption. So, there should 
be further investigations into the feasibility of this ap-
proach for treating the ABCA12 dysfunction within the 
CNS.2

Bridging the gap between dermatology and neurology: re-
search on ABCA12
ABCA12 has had significant studies with dermatologi-
cal disorders, but there remains an unexploited area of 
its function in the brain. Interconnection between stud-
ies involving ABCA12 in the skin and the CNS may be 
the light at the end of the tunnel in understanding its 
functions in lipid transport and disease on a larger scale. 
Hence, cross-interdisciplinary research will help further 
our knowledge of the role of ABCA12 in neurodegen-
eration.

Challenges
Lack of comprehensive models
The current animal and cell-based models fail to rep-
licate the neural-specific effects of ABCA12 dysreg-
ulation. Such inadequacy makes it difficult to fully 
understand its role in the nervous system. Most mod-
els are focused on established roles in the skin, such as 
lipid transport in the epidermis, but ignore its unique 
functions in neurons.91 The absence of models that spe-
cifically recapitulate ABCA12’s neural functions makes 
it difficult to evaluate its contributions to processes like 
synaptic signaling, neuronal survival, or degeneration.

Lipid metabolism complexity
The lipid environment within the brain is unique be-
cause it’s dominated by sphingolipids, gangliosides, and 
other complex lipids.91 It becomes particularly chal-
lenging to study the interaction between ABCA12 with 
these lipids in the brain as they are very dynamic and 
region-specific. The diversity and complexity of lipid 
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profiles in the brain make it difficult to identify specific 
pathways affected by ABCA12.60 The interaction of ce-
ramides with other lipids involved in neural process-
es such as myelination and synaptic plasticity remains 
poorly understood.

Functional overlap with other transporters
ABCA12 is functionally similar to other members of 
the ABC transporter family.60 Such transporters of-
ten share overlapping functions in lipid transport, 
making it challenging to distinguish ABCA12-specif-
ic functions. For instance, other transporters such as 
ABCA1 and ABCG1 are crucial in the metabolism of 
neural lipids and neurodegenerative diseases.40 Eluci-
dating the specific role of ABCA12 in these processes 
is a challenge.

Limited biomarkers
To date, there are no definitive biomarkers for diagnos-
ing ABCA12 brain dysfunction.60 This further reduces 
the ability to identify neural disorders at an early stage 
and monitor them for proper management.92 Since spe-
cific biomarkers are lacking, monitoring the progression 
of neurodegenerative diseases is hard, and so is under-
standing the treatment efficacy or potential therapeutic 
value of targeting ABCA12.

Future outlooks
Creation of high-order models
More advanced models, such as neural-specific knock-
outs or overexpression systems, will be used to explore 
the role of ABCA12 in neurodegeneration.93 Technolo-
gies such as organoids and brain-on-chip technologies 
can recreate the neural environment, giving deeper in-
sights into ABCA12 function in the context of the ner-
vous system. These models can be designed to replicate 
conditions such as Alzheimer’s disease, Parkinson’s dis-
ease, or other neurodegenerative disorders to explore 
ABCA12-linked mechanisms.44

Lipid pathway elucidation
Future research should focus on mapping out the spe-
cific roles of ABCA12 in sphingolipid and ganglioside 
metabolism within neurons.94 Techniques such as mass 
spectrometry-based lipidomics may be used to iden-
tify specific lipid substrates and pathways affected by 
ABCA12 dysfunction. This may help establish direct 
links between ABCA12, lipid dysregulation, and specif-
ic neurodegenerative disorders.95

Therapeutic interventions
Small molecules or drugs, like retinoid-based therapies, 
can be developed to restore or modulate ABCA12 func-
tion in the nervous system. Improved systems of CRIS-
PR and viral vectors might present with therapeutic 

options for correcting mutations of ABCA12 or up-reg-
ulating its expression in neural tissues. Drugs that di-
minish ceramide accumulation or oppose its harmful 
action might supplement strategies involving the mod-
ulation of ABCA12.

Multi-omics strategies
The combined genomics, lipidomics, and proteom-
ics approaches will elucidate the functions of ABCA12 
in promoting healthy neural environments. The pa-
tient-specific pattern of ABCA12 dysfunction that can 
be derived from multi-omics datasets opens up op-
portunities for precision medicine approaches. Sec-
ondary pathways and compensatory mechanisms, 
potentially targeted therapeutically, also are found 
through multi-omics approaches.96

Interdisciplinary research
There is a potential for researchers in dermatology, where 
the function of ABCA12 is better understood, and neu-
rology, where it remains an area of exploration, to col-
laborate on shared mechanisms and therapeutic targets.97 
Insight from ABCA12-associated skin diseases (like har-
lequin ichthyosis) may have implications for its neural 
functions and vice versa, with a potential for better man-
agement of both dermatological and neurological disor-
ders. Technologies and approaches in dermatology, like 
lipid imaging and targeted lipidomics, can be applied in 
neurology to better analyze ABCA12 in the brain.34

Conclusion
As the number of reports linking ABCA12 to lipid de-
regulation in neurodegenerative diseases is on the rise, 
this transporter is emerging as a potential therapeu-
tic target for intervention. Activation of inhibition of 
ABCA12 might normalize the lipid balance against 
oxidative stress toward neurons and reduce protein 
aggregation. Future models of neurodegenerative dis-
eases must contain lipid transport mechanisms with a 
role for ABCA12 so that the contribution of lipid dys-
regulation in disease progression can be understood 
better. Such integrative approaches could lead to much 
more effective. There is hope in personalized medicine 
for future treatment of neurodegenerative diseases. 
These distinct lipid transport dysfunctions, including 
mutations in ABCA12, can serve to create specific tar-
geted therapies that address the molecular deficits un-
derlying neurodegeneration. This research on ABCA12 
shall not stop anytime soon since research in this line 
can greatly push forward improving the outcomes of 
patients affected with neurodegenerative disorders. 
This review now provides the ABCA12 in neurode-
generative diseases with a systematic discussion of its 
molecular mechanisms and therapeutic potential. Fur-
ther, more detailed research will help widen the un-
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derstanding of how functional dysfunction of ABCA12 
propagates its effects during neurodegeneration and, 
more importantly, will help open up avenues for novel 
therapeutic strategies.
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