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Leaky memories: Impact of APOE4 on
blood–brain barrier and dementia
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Abstract

A new study suggests that the leading genetic risk factor for Alzheimer’s disease, apolipoprotein E4 (APOE4), is linked to

blood–brain barrier breakdown and subsequent cognitive decline. These findings broaden our understanding of how

cerebrovascular mechanisms contribute to cognitive impairment and should stimulate new directions for pursuing

therapeutic approaches for Alzheimer’s disease and related dementias.
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Scientists continue to make great strides in understand-
ing the molecular mechanisms of Alzheimer’s disease
(AD) and related dementias, but clinically effective
therapies remain elusive. With the failure of several
large trials of treatments designed to lower the amyloid
load in the brain of patients with AD, a shift in think-
ing is taking place, and the role of vascular contribu-
tions to AD and dementia is increasingly recognized. A
recent study by Montagne et al. now present exciting
evidence in humans and mouse models that the leading
genetic risk factor for AD, APOE4, may be directly
linked to blood–brain barrier (BBB) breakdown that
anticipates cognitive decline.1

Focusing on middle-aged individuals (�45 years of
age) who had either healthy cognition or mild cognitive
impairment (a prelude to AD), the authors used dynam-
ic magnetic resonance imaging (MRI) to map the
blood-to-brain transfer coefficient of the MRI contrast
agent gadolinium (Ktrans).

1 Their results showed that
BBB permeability in the hippocampus and parahippo-
campal gyrus were significantly increased in APOE4
carriers. Moreover, BBB leakage was worse in APOE4
carriers who exhibited mild cognitive decline. A recent
study also revealed a higher prevalence of cerebral white
matter hyperintensities (WMH) in APOE4 carriers.2

Since cerebral small-vessel-disease associated WMH
and microbleeds are common in the elderly, it would
be instructive to examine BBB alterations in white

matter of APOE4 carriers, and ask whether these mech-
anisms may more broadly contribute to cognitive dis-
connections throughout the entire brain.

Next, the authors examined cerebrospinal fluid
(CSF) levels of the soluble form of platelet-derived
growth factor-receptor-b (sPDGFR-b) that sheds
from the surface of pericytes lining the BBB when
they respond to cell stress or injury.1 Elevated
sPDGFR-b was found in the CSF of APOE4 carriers,
and these levels were positively correlated with cogni-
tive impairment. These observations indicate that peri-
cyte degeneration might serve as a useful biomarker
that links BBB leakage with cognitive decline in neuro-
degenerative diseases. Associations between pericyte
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degeneration, BBB perturbation, and cognitive dys-
function have also been detected in experimental
models of traumatic brain injury and focal cerebral
ischemia.3,4 Moreover, PDGFR-b knockout mice dis-
play deformed tight junctions in brain endothelium and
severe neurologic deficits.4 These models may offer
opportunities to further investigate the mechanisms
that underlie the increased risk of developing AD and
dementia years after brain injury in humans. Would
brain injury-induced degeneration of brain capillary
pericytes increase the overall risk of AD or dementia,
or does it mainly predict cognitive impairment only in
APOE4 carriers?

An important question is whether APOE4-mediated
BBB dysfunction may be connected to “standard
pathways” of amyloid-b (Ab) and/or tau. By using pos-
itron emission tomography, Montagne et al. demon-
strated that APOE4-induced BBB breakdown was
mostly independent of changes in Ab or tau bio-
markers.1 Instead, the molecular pathway that drove
APOE4-induced leakage was associated with the cyclo-
philin A-matrix metalloproteinase-9 (CypA-MMP9)
signaling in degenerating pericytes.1 Taken together,
these findings may therefore provide a basis for devel-
oping CypA-MMP9-targeted therapies for APOE4 car-
riers in AD and related dementias. Nevertheless, it may
still be important to acknowledge that BBB integrity
will depend on more than just pericytes, and cerebro-
vascular homeostasis is ultimately mediated by cross-
talk between all cell types in the neurovascular unit.
Indeed, crosstalk between endothelium and pericytes
may mediate transporter trafficking in the BBB.5

Evidence from human induced pluripotent stem cell-
derived endothelial cells harboring different APOE
genotypes suggests endothelial cells themselves contrib-
ute to vascular dysfunction in APOE4 carriers.6 Other
pathways beyond MMP9 can also contribute. Robo4-
paxillin-ARF6 signaling in endothelial cells has recent-
ly been identified as a key pathway for maintaining
vascular integrity.7 How other cell signaling pathways
within the entire neurovascular unit are affected during
cognitive impairment in APOE4 carriers warrants fur-
ther investigation.8

Finally, risks of dementia do not occur in isolation
and are known to interact with age and sex. The BBB
mechanisms identified by Montagne et al. may provide
a conceptual framework to link these various factors.
BBB permeability increases in the aging hippocampus.9

A recent study indicates that APOE4 may affect cog-
nition more strongly in women than men.10 Further
studies validating whether BBB dysfunction in

APOE4 carriers is correlated with aging or affected

by sex should be important in order to truly understand

the neurovascular pathobiology of cognitive

impairment.
Montagne et al. has uncovered a previously unrec-

ognized mechanism for BBB dysfunction in APOE4

carriers.1 These remarkable findings reveal a complex

loop of interactions between pericytes, BBB, and cog-

nition. Future research that explores how signaling per-

turbations in entire neurovascular unit causes cognitive

impairment in APOE4 carriers may lead to novel

opportunities for new biology and precision medicine

in AD and dementia.
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