
HAL Id: hal-04465492
https://hal.science/hal-04465492

Submitted on 10 Apr 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

PCSK9 and the nervous system: a no-brainer?
Ali Jaafar, Romuald Techer, Kévin Chemello, Gilles Lambert, Steeve Bourane

To cite this version:
Ali Jaafar, Romuald Techer, Kévin Chemello, Gilles Lambert, Steeve Bourane. PCSK9 and the
nervous system: a no-brainer?. Journal of Lipid Research, 2023, 64 (9), �10.1016/j.jlr.2023.100426�.
�hal-04465492�

https://hal.science/hal-04465492
https://hal.archives-ouvertes.fr


REVIEW
PCSK9 and the nervous system: a no-brainer?
Ali K. Jaafar1, Romuald Techer1, Kévin Chemello1, Gilles Lambert1,2,* , and Steeve Bourane1
1Laboratoire Inserm UMR 1188 DéTROI, and 2Faculté de Médecine, Université de La Réunion, Saint-Pierre, La Réunion,
France
Abstract In the past 20 years, PCSK9 has been shown
to play a pivotal role in LDL cholesterol metabolism
and cardiovascular health by inducing the lysosomal
degradation of the LDL receptor. PCSK9 was discov-
ered by the cloning of genes up-regulated after
apoptosis induced by serum deprivation in primary
cerebellar neurons, but despite its initial identifica-
tion in the brain, the precise role of PCSK9 in the
nervous system remains to be clearly established.
The present article is a comprehensive review of
studies published or in print before July 2023 that
have investigated the expression pattern of PCSK9,
its effects on lipid metabolism as well as its putative
roles specifically in the central and peripheral ner-
vous systems, with a special focus on cerebrovascular
and neurodegenerative diseases.
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Proprotein convertase subtilisin/kexin type 9
(PCSK9) is a serine protease primarily expressed by
liver cells (1). It is synthesized as a precursor that un-
dergoes autocatalytic intramolecular processing to
form a mature protein that is secreted. In 2003, Abifa-
del and colleagues identified gain-of-function muta-
tions in the PCSK9 gene causative of familial
hypercholesterolemia, an autosomal dominant trait
characterized by an elevation in circulating low-density
lipoprotein cholesterol (LDL-C) and premature coro-
nary heart disease (CHD) risk (2). In 2005, a causative
association was established between the presence of
loss-of-function mutations in PCSK9 and lifelong re-
ductions in LDL-C associated with lower CHD risk (3).

Evidence for the direct role of PCSK9 in LDL
metabolism came from a series of studies showing that
overexpression of PCSK9 promotes the plasmatic
accumulation of LDL-C in mice. Conversely, PCSK9
knockout (KO) mice are hypocholesterolemic (4).
Mechanistically, the LDLR promotes the cellular uptake
of LDL particles by endocytosis. In the absence of
PCSK9, the acidic environment of the endosome in-
duces the dissociation of the receptor from the particle,
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and the LDLR is recycled back to the cell surface while
the LDL particle is routed to the lysosome for degra-
dation. When PCSK9 binds to the LDLR at the surface
of cells, it undergoes endocytosis, and the LDLR fails to
change conformation in the endosome, precluding
normal recycling to the plasma membrane. The LDLR
then traffics to the lysosome where it is degraded along
with the LDL particle (5).

Given the mode of action of PCSK9 that acts pri-
marily as a circulating inhibitor of the LDLR (6), as well
as the healthy profile of individuals with reduced or
absent PCSK9 function (7, 8) PCSK9 rapidly gained the
status of a very promising drug target to lower LDL-C
in humans with the ultimate goal of lowering the risk
of heart disease. Several drug development strategies
have been undertaken to pharmacologically inhibit
PCSK9, the most advanced being two fully human
monoclonal antibodies tested in large phase III
outcome trials: the FOURIER program for evolocumab,
and the ODYSSEY program for alirocumab (9, 10). Both
have unequivocally shown that PCSK9 inhibition safely
lowers LDL-C levels [56 mg/dl absolute reduction (95%
confidence interval 55–57) or 59% relative reduction
(95% confidence interval 58–60)] alone or on top of
maximally tolerated lipid-lowering therapies (i.e. high-
doses statins with or without ezetimibe) and reduces
the number of cardiovascular events. In addition to
monoclonal antibodies that sequester PCSK9 in the
circulation and are now prescribed to patients, the
small-interfering RNA inclisiran that targets PCSK9
hepatic production has recently been approved,
following reports of substantial LDL lowering [50%
reduction (95% confidence interval 47–53)] with this
drug (11).

Beyond its central role in LDL-C regulation and
cardiovascular health, distinct biological effects of
PCSK9 have been reported, notably in septic shock,
vascular inflammation, viral infection, and cancer (12).
These novel roles have been proposed to result, at least
in part, from the ability of PCSK9 to bind to and
enhance the degradation of other members of the
LDLR family of receptors but also of the scavenger
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receptor CD36, CD81, the epithelial sodium channel
(ENaC), and the major histocompatibility type I recep-
tor. Yet, the precise functions of PCSK9 in extra-
hepatic tissues remain a matter of considerable debate
(Fig. 1). For instance, PCSK9 is expressed in the intes-
tine, kidney, and pancreatic beta cells, but animal
models conditionally lacking PCSK9 in these organs did
not successfully highlight an essential role for PCSK9 in
these tissues. This is further underlined by the overt
phenotype of PCSK9 liver conditional knockout mice,
an animal model characterized by a total absence of
circulating PCSK9 as well as a lipoprotein profile
almost similar to that of complete knockouts (13).
Originally known as Neural Apoptosis-Regulated Con-
vertase 1 (NARC1), PCSK9 was discovered by the clon-
ing of genes up-regulated after apoptosis induced by
serum deprivation in primary cerebellar neurons (1),
but despite its initial identification in the brain, the
precise roles of PCSK9 in the central (CNS) and pe-
ripheral (PNS) nervous systems remain largely elusive.

LIPIDS ARE KEY COMPONENTS OF THE
NERVOUS SYSTEM

The nervous system is one of the most lipid-rich tis-
sues of the human body, and the brain is the richest in
cholesterol (14, 15). Lipids account for more than a third
Fig. 1. The multifaceted roles of PCSK9 in extrahepatic tissue
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of the dry weight of neuronal bodies, 57% being
phospholipids and 15% cholesterol, (16). As key de-
terminants of membranes, lipids largely contribute to
the structural integrity and physical properties of nerve
cells (17–19). Most lipids of the nervous system are
localized in myelin, a specialized membrane that forms
a multilayered sheath around axons exclusively in the
central and peripheral nervous system. Myelin is char-
acterized by a very high lipid/protein ratio (20–22) and
is particularly enriched in cholesterol (23), with a rela-
tive proportion of 40% cholesterol, 40% phospholipids,
and 20% glycolipids. The ratio is closer to 25%:65%:10%
in most other biological membranes (24). Table 1
comparatively displays the lipid contents of myelin (in
both the central and peripheral nervous systems) and
hepatocyte membranes (25–27). Myelin’s unique lipid
composition supports its critical role in the nervous
system as it allows rapid saltatory conduction of nerve
impulses and provides trophic support along the axon.
Slight changes in the lipid composition of myelin
sheath can alter adhesive properties and lead to struc-
tural disruptions (28) and serious neurological disorders
(29).

In addition, lipids are involved in various signaling
processes that regulate neuronal survival and dif-
ferentiation (30, 31) and can also be used as energy
substrates (32) or during cellular stress in the CNS
s. CKD, chronic kidney disease; VAT, visceral adipose tissue.



TABLE 1. Lipid composition of myelin in the peripheral nervous
system (PNS), central nervous system (CNS) and of liver cells plasma

membranes

PNS
myelin

CNS
myelin

Liver Plasma
Membranes

Cholesterol 41% 46% 17%
Phospholipids 42% 33% 59%

Phosphatidylethanolamine (PE) 12% 13% 7%
Phosphatidylcholine (PC) 10% 7% 24%
Phosphatidylserine (PS) 7% 7% 4%
Phosphatidylinositol (PI) <1% <1% 4%
Sphingomyelin (SM) 13% 6% 20%

Glycolipids 11% 20% 7%
Cerebrosides 10% 17% -
Sulfatide 1% 3% -

Other lipids 6% 1% 17%

All values are expressed as molar percentages of total lipids.
(33). The molecular pathways governing lipid meta-
bolism in the nervous system are tightly regulated,
their central role in nerve function and CNS ho-
meostasis being clearly underlined by the observa-
tion that disturbances of lipid homeostasis often
associate with the onset of neurological disorders (34,
35). For instance, inherited disorders of cholesterol
biosynthesis (e.g. the Smith-Lemli-Opitz syndrome) or
metabolism (e.g. Cerebrotendinous Xanthomatosis)
are causative of severe neurological symptoms and
possibly myelin defects (36, 37). Given the lipid-
demanding nature of the nervous system, and the
central role of PCSK9 in cholesterol metabolism,
several studies have explored the expression and
function of PCSK9 in these tissues.
A CONVERTASE IMPLICATED IN NEURAL
APOPTOSIS AND NEUROGENESIS

Apoptosis
PCSK9 was initially discovered in apoptotic primary

cerebellar neurons (1, 38). PCSK9 exhibits pro-apoptotic
properties in potassium-deprived cerebellar granule
neurons and nerve growth factor-deprived dorsal root
ganglion neurons, by reducing apolipoprotein E re-
ceptor 2 (ApoER2) abundance and thereby anti-
apoptotic signaling pathways (39, 40). Likewise, PCSK9
inhibition attenuates neuronal apoptosis after middle
cerebral artery occlusion (MCAO) injury in hyper-
lipidemic mice, an effect also associated with apoER2
upregulation (41). In contrast, PCSK9 displays anti-
apoptotic properties in U251 human glioma cells.
PCSK9 gene silencing leads to cell shrinkage, loss of
membrane integrity, nuclear fragmentation, and chro-
matin compaction, whereas PCSK9 overexpression in
these glioma cells restores normal morphology (42).
Thus, it seems that PCSK9 could have both pro- and
anti-apoptotic effects in different cell lines. In vivo,
data about the role of PCSK9 in apoptosis are still very
limited and need further investigation to confirm these
observations.
Neurogenesis
Given the critical role of apoptosis during the

development or degeneration phases of the nervous
system, studies have been undertaken to unravel the
role of PCSK9 in neurogenesis. PCSK9 expression is
detectable during the early stages of neurogenesis
(three somite stages, 10.33 h post fertilization in
zebrafish) and during telencephalic and cerebellar
embryonic neurogenesis (E12.5 and E17-P15, respec-
tively, in mice). PCSK9 expression in the adult brain is
low and only observed in areas where neurogenesis
occurs, such as cortical, intracranial, and cerebellar
granule neurons in zebrafish and the rostral extension
of the olfactory peduncle (RE-OP) in mice (1, 43, 44). In
humans, PCSK9 can be detected in the cerebrospinal
fluid, albeit at much lower concentrations than in the
plasma (on average 5 and 200 ng/ml, respectively) (45).
PCSK9 overexpression in mouse embryonic neural
progenitor cells leads to an increase in the number of
postmitotic neurons from undifferentiated neuro-
epithelial cells (1). The role of PCSK9 in neuronal
differentiation does not seem to be mediated by the
LDLR, since neuroectodermal induction with retinoic
acid of P19 mouse embryonic carcinoma cells increases
endogenous PCSK9 mRNA expression, without
altering LDLR protein abundance nor Sterol Regula-
tory Element Binding Protein 2 mRNA expression
levels (43). Knocking-down PCSK9 is lethal in zebra-
fish, as a result of defective neurogenesis and total
absence of midbrain-hindbrain boundary (43). How-
ever, PCSK9 is not necessary for survival in mammals
raising the question about a compensatory action of
other factors during evolution.
A REGULATOR FOR THE BRAIN

In the brain, PCSK9 potentially interacts with several
members of the LDLR family of receptors that trans-
port cholesterol into neurons (i.e..LDLR, the very-low-
density lipoprotein receptor (VLDLR), ApoER2, and
the LDLR-related protein 1 (LRP1)) as well as with CD36
that transports fatty acids (12). In vitro and in vivo studies
conducted in mice provide conflicting evidence on
whether PCSK9 targets these receptors for degradation.
Since neither plasma lipoproteins nor circulating PCSK9
have the ability to cross the blood–brain barrier (BBB)
under physiological circumstances (45–47), only locally
expressed PCSK9 may directly modulate cholesterol
homeostasis in the developing brain by promoting
lysosomal degradation of these receptors (Fig. 2).

LDLR family members have a high affinity for
apolipoprotein E (apoE), a major carrier of cholesterol
in the brain, allowing transport of apoE-associated
cholesterol from pericellular fluids into neurons (44).
In vitro, PCSK9 was shown to reduce LDLR abundance
in neurons (48). In vivo, LDLR protein levels are
significantly higher in the telencephalon and
PCSK9 in the nervous system 3



Fig. 2. Proposed roles for PCSK9 in the central and peripheral nervous systems. In the CNS, circulating PCSK9 only directly
interacts with vascular endothelial cells and astrocytes as it does not cross the BBB in normal conditions. In contrast, PCSK9 produced
locally may act on LDLR, LRP1, VLDLR, and apoER2 are expressed by neurons, astrocytes, and oligodendrocytes as well as on LRP1
and CD36 that are expressed by microglia. These receptors are known to modulate lipid homeostasis, neurogenesis, apoptosis, and
inflammatory processes in the brain. In the PNS, both circulating and locally produced PCSK9 have the ability to modulate LDLR,
LRP1, ApoER2, and VLDLR that are expressed primarily by neurons and Schwann cells and thereby regulate lipid homeostasis and
apoptotic processes in peripheral nerves.
cerebellum of PCSK9 knockout mouse embryos, and
levels of non-truncated apoE are reduced, compared
with wild types (44). However, in adult animals, despite
the co-localization of PCSK9 and LDLR transcripts in
RE-OP, PCSK9 KO mice do not display significantly
different levels of LDLR and apoE proteins in their
olfactory bulb or cerebrospinal fluid compared with
wild-types (44). Likewise, overexpression or ablation of
PCSK9 did not alter LDLR, VLDLR, or ApoER2
expression levels in the hippocampus and cerebral
cortex of adult mice (49), nor did they alter the cortical
development of the animals (48). Even if knocking-out
PCSK9 were to modulate the relative abundance of
several lipid species in the cortex and cerebellum of
adult mice, these animals do not show any sign of
behavioral abnormality (48). In contrast, PCSK9 con-
centrations are lower in the plasma and amniotic fluid
of pregnant female rats as well as in rat embryos with
experimentally induced neural tube defects (50) and
the plasma of pregnant women with fetuses suffering
from open neural tube defects (51).

The adult brain vastly relies on endogenous synthesis
for its cholesterol needs since the BBB is virtually
impermeable to circulating lipoproteins (52) and since,
unlike oxysterols, cholesterol molecules do not cross the
BBB (53). Cells of the CNS, including neurons,
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synthesize cholesterol. However, adult neurons gradu-
ally lose this ability and become dependent on choles-
terol supplied by astrocytes (15, 54, 55). Lipid
homeostasis in astrocytes is central to brain health.
Thus, recent studies have shown that abnormal lipid
accumulation in astrocytes can lead to the formation of
lipid-accumulated reactive astrocytes, promoting
recurrent neuronal firing and ultimately leading to
neuronal loss (56). Lipoproteins and their receptors play
important roles in the regulation of neurobehavioral
function and energy balance in the brain (57). Brain
lipid homeostasis is thus subject, to some extent, to the
action of local and/or circulating PCSK9 on neurons
and astrocytes that are in direct contact with the cere-
brovascular endothelium.

PCSK9 IN THE PERIPHERAL NERVOUS SYSTEM

To date, the expression of PCSK9 in the peripheral
nervous system is not firmly established. The only piece
of evidence of PCSK9 expression in peripheral nerves
is the observation that PCSK9 transcripts are expressed
in a rat Schwann cell line (1). Given that some neurons
of the CNS express PCSK9, it cannot be ruled out that
PCSK9 is also produced in neural and/or glial cells of
the PNS. According to the Genotype-Tissue Expression



(GTEx) portal, PCSK9 is synthesized in human tibial
nerves at levels deemed physiologically relevant (58).
PCSK9 could potentially impact lipid metabolism
locally in the peripheral nervous system and thus
modulate peripheral nerve physiology.

A distinct feature of peripheral nerves is that they
are located outside of the BBB. The blood–nerve
endothelial barrier has distinct permeability charac-
teristics (59) making peripheral nerves more susceptible
to the action of systemic PCSK9 and hence to PCSK9
inhibitor treatments (Fig. 2). Incidentally, a recent case
has reported a patient with a history of prediabetes and
dyslipidemia treated with PCSK9 inhibitors who
developed peripheral neuropathy (60). The patient
started evolocumab treatment due to statin intolerance.
While on PCSK9 inhibitor, the patient developed
symptoms of chronic inflammatory demyelinating
polyneuropathy characterized by bilateral thigh pain,
weakness, and numbness. The symptoms improved af-
ter stopping evolocumab but resumed a few weeks later
after the patient had been injected with the other
PCSK9 inhibitor, alirocumab. There is no other report
of an association between PCSK9 inhibitor use and
demyelinating polyneuropathies. Of note, even if
several cases of statin-induced peripheral neuropathy
have been reported, there is no evidence for a causal
relationship between statin treatment and peripheral
neuropathy (61). In addition, a positive association was
found between corneal nerve loss and circulating
PCSK9 (62), and PCSK9 inhibitors treatment resulted in
fibers regeneration in familial hypercholesterolemic
patients with corneal small nerve fibers degeneration
(63). Randomized trials with these drugs do not show
any significant musculoskeletal and neurodegenerative
side effect (64), even if several members of the LDLR
family of receptors are duly expressed in peripheral
nerves and mediate important interactions between
Schwann cells and axons as well as Schwann cell
response to injury in vivo. (65, 66).

Peripheral axons are more vulnerable compared to
the brain due to their polarity, length, and the absence
of an impermeable blood–nerve barrier. Schwann cells
and the lipid-rich myelin sheath are essential for
adequate homeostasis of peripheral nerves. It is there-
fore likely that PCSK9 could play a role in the regula-
tion of lipid metabolism in the PNS in normal or
pathological conditions. The importance of lipoprotein
uptake for the maintenance of PNS lipid homeostasis is
further highlighted by the abundance of lipoprotein
receptors in peripheral nerves. Schwann cells express
LDLR (67), LRP-1 (66), and ApoER2 (65). These re-
ceptors have also been identified in the dorsal root
ganglia along with the VLDLR (68) (Fig. 2).

PCSK9 AND STROKE

An obvious detrimental role for PCSK9 on brain
health is by increasing LDL-C levels which accelerates
intracranial atherosclerosis (in particular of large ves-
sels) leading to ischemic strokes. This was evidenced in
carriers of PCSK9 gain-of-function mutations (69, 70).
In line with these observations, PCSK9 inhibition with
evolocumab reduced ischemic strokes and major car-
diovascular events in the total population of the
FOURIER trial as well as in the key subgroup of pa-
tients with prior ischemic strokes (71). Whereas PCSK9
loss-of-function mutations carriers with lifelong re-
ductions in LDL-C and coronary heart disease inci-
dence, were not initially found at significantly reduced
risk of stroke (3, 72), a much larger study of the UK
Biobank database described the first genetic evidence
of a protective effect of the R46L loss-of-function
mutation on PCSK9 on ischemic stroke (73).

In contrast to ischemic strokes, only one study has
investigated a link between PCSK9 and brain hemor-
rhage, showing no significant association (73). Never-
theless, PCSK9 inhibition has been proposed to
precipitate hemorrhagic cerebral infarcts and to asso-
ciate with increased cerebrovascular-related mortality
(72, 74, 75), as a result of very low LDL-C levels, reduced
platelets reactivity (via CD36), and lower blood coagu-
lability (via LRP1) (76, 77). In vivo studies designed to
investigate this possibility did not show any difference
between PCSK9 knockout and wild-type mice in terms
of cerebral infarct size following a transient MCAO
procedure. PCSK9 KO and control mice also displayed
similar hemorrhagic transformations following reper-
fusion post-MCAO (44, 74). These studies were however
performed in young and otherwise healthy animals
which do not recapitulate the pathophysiological con-
ditions of ischemic strokes (aging population, diabetes,
and hypertension). In that respect, aging PCSK9 KO
mice accumulate cholesterol in pancreatic islets and
display impaired glucose-stimulated insulin secretion
irrespective of gender and diet as well as signs of glucose
intolerance (78). Given that hyperglycemia and diabetes
alone worsen ischemic strokes outcome in terms of
prevalence, severity, and complications, and negatively
impact on the integrity of the BBB, the initial hypothesis
has been revisited: under acute hyperglycemic condi-
tions, PCSK9 KO mice exhibit more intracerebral
hemorrhages than wild-type mice following an MCAO
procedure (79). Likewise, compared with placebo, PCSK9
inhibition with monoclonal antibodies increased cere-
bral hematoma volume following induction of experi-
mental intracerebral hemorrhage using collagenase in a
mouse model harboring a lipoprotein profile similar to
that of humans (80). Lowering PCSK9 and LDL-C
therefore appears beneficial in the context of ischemic
stroke but further investigations are needed to test
whether PCSK9 inhibition impacts hemorrhagic stroke.

PCSK9 AND NEUROCOGNITION

Impairment of neurocognitive function has been an
important concern for the clinical development of
PCSK9 in the nervous system 5



PCSK9 inhibitors. In the initial trials of these drugs, the
incidence of neurocognitive adverse events (including
delirium, cognitive and attentional disturbances, de-
mentia, thought and perceptual disturbances, and psy-
chiatric disorders) was very low (<1%) but slightly
higher albeit non-significantly in the treated groups
compared with placebo (0.9% vs. 0.3% for evolocumab)
(81) (1.2% vs. 0.5% for alirocumab) (82). However, the
combined analysis of both studies indicated an
increased occurrence of neurocognitive side effects in
patients treated with PCSK9 inhibitors (83). But the
analysis of larger groups of patients enrolled in those
trials over longer follow-up periods did not show
significantly more neurocognitive adverse events asso-
ciated with these therapies (10, 84, 85). Furthermore,
there was absolutely no correlation between the
occurrence of neurocognitive side effects and the de-
gree of LDL-C reduction achieved with these drugs (64).

Likewise, studies conducted in PCSK9 loss-of-
function mutations carriers did not show any sign of
neurocognitive impairment or decline over time (86),
indicating that lifetime exposure to low levels of
PCSK9 and thus of LDL-C does not impact neuro-
cognitive function. Of note, PCSK9 loss-of-function
mutations were found associated with depression in
Mendelian randomized analyses using the British Bio-
bank cohort (87) and in a genome-wide association
study (88).

PCSK9 AND ALZHEIMER’S DISEASE

Considering that PCSK9 was initially found in
apoptotic neurons, its implication in neurodegenerative
diseases, in particular in Alzheimer’s disease (AD) has
been extensively scrutinized (1). AD is characterized by
the accumulation in the brain of toxic β-amyloid pep-
tides arising from the cleavage of amyloid precursor
proteins by β-site amyloid precursor protein cleaving
enzyme (BACE1). In vitro, PCSK9 overexpression
reduced BACE1 expression whereas PCSK9 inhibition
increased the levels of BACE1 and Aβ deposition (89). A
series of experiments conducted in rat stroke models
found a negative association between the expression of
PCSK9 and the formation of amyloid plaques (90).
However, another study failed to identify a direct ef-
fect of PCSK9 on BACE1 expression or Aβ levels in
mice (49).

A second putative pathway that may link PCSK9 in-
hibition to AD includes its inhibitory effects on the
LDLR family of receptors as well as on the scavenger
receptor CD36 in the central nervous system (91). Thus,
PCSK9 inhibits the expression of the LRP8 (also known
as apoER2), a receptor involved in signaling pathways
governing the survival of neurons (39). In addition,
genetic variants in the LRP8 locus associate with an
increased risk of AD (92). Likewise, two other PCSK9
targets, LRP1 and CD36, have been proposed to play a
role in Aβ clearance (91). Thus, endothelial expression
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of LRP1 promotes the clearance of Aβ across the BBB
in vivo, a process directly modulated by PCSK9 inhibi-
tor treatment (93, 94), and the expression of CD36
parallels the ability of microglia to perform Aβ clear-
ance (95). The ability of PCSK9 to modulate the abun-
dance of these receptors in the CNS is still unknown.
Another mechanistic pathway linking PCSK9 to AD, as
shown in vitro, would be through canonical inhibition
of local LDLR expression, resulting in decreased
astrocyte-to-neuron cholesterol transport and reduced
neuronal cholesterol content, thereby increasing Aβ
neurotoxicity (96). Presumably, by reducing LDL-C,
PCSK9 inhibitors may also lower the inflammatory
processes within cerebral blood vessels and thus miti-
gate the progression of AD (97).

In that respect, PCSK9 concentrations were found
higher in the cerebrospinal fluid as well as brain au-
topsies of AD patients compared with controls (98), but
similar observations have been made for other neuro-
degenerative diseases (99). Noteworthy, there is no
consensus for an association between PCSK9 genetic
variants and AD, given that PCSK9 loss of function
mutations carriers are at neutral risk of developing AD
(86, 100, 101).

The impact of PCSK9 in other neurodegenerative
diseases such as Parkinson’s disease, amyotrophic
lateral sclerosis, multiple sclerosis, and Huntington’s
disease with severe neuronal apoptosis has not been
investigated despite the recognized association between
lipid metabolism and the severity of these diseases
(102–105). In a mouse model of multiple sclerosis,
PCSK9 did not alter the progression of the disease or
the associated immune responses (106). Yet, more work
is needed to assess any potential impact of PCSK9 on
these pathologies.
CONCLUSION

The best-characterized function of PCSK9 is its
inhibitory action on hepatocyte-derived LDLR and
thereby its established role in the systemic control of
blood cholesterol. Despite its initial identification in the
brain, the precise roles of PCSK9 in the nervous system
remain elusive. In vitro, in vivo, epidemiological, and
genetic studies indicate that PCSK9 possesses neurobi-
ological regulatory properties of relevance in patho-
physiological conditions of the nervous system. If so, it
remains to be established whether these disorders are
influenced by PCSK9 expressed locally in nervous tis-
sues or systemically by circulating PCSK9. It is also
important to decipher the precise molecular and
cellular pathways acted upon by PCSK9 in these tissues.
Important efforts should therefore be deployed to
unravel the yet unknown functions of PCSK9 in the
central and peripheral nervous systems. PCSK9, the
youngest member of the family of proprotein con-
vertases, has made history in cardiology but still raises



many hopes of new clinical applications beyond car-
diovascular health.
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17. de Chaves, E. I. P., Rusiñol, A. E., Vance, D. E., Campenot, R. B.,
and Vance, J. E. (1997) Role of lipoproteins in the delivery of
lipids to axons during axonal regeneration*. J. Biol. Chem. 272,
30766–30773

18. Moutinho, M., Nunes, M. J., and Rodrigues, E. (2016) Cholesterol
24-hydroxylase: brain cholesterol metabolism and beyond. Bio-
chim. Biophys. Acta. 1861, 1911–1920
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