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The bidirectional relationship between epilepsy and Alzheimer’s Disease (AD), two 
prevalent neurological disorders [1], has gained increasing recognition in recent 
years [2-7]. Individuals with AD have a threefold higher risk of developing epilepsy, 
while those with a history of epilepsy are twice as likely to develop AD [8]. Although 
epilepsy may not be the primary concern in AD, managing epileptiform activity 
is crucial to prevent further cognitive decline, as AD patients with subclinical 
epileptiform activity tend to deteriorate more rapidly than those without [9-11]. 
Conversely, although cognitive impairments are frequently observed in individuals 
with epilepsy, they may exhibit a distinct cognitive profile compared to patients 
with AD [12]. Therefore, it remains unclear whether these cognitive symptoms and 
combined neuropathological etiologies can be generalized. Currently, there are no 
cures for either disease, and available treatment options have notable limitations. 
Although late-onset epilepsies in elderly patients are frequently managed 
effectively with initial drug monotherapy, a significant subset faces drug-refractory 
epilepsy, resulting in reduced quality of life and an increased risk of seizure-related 
injuries in this vulnerable group [13]. Approximately one-third of epilepsy patients 
does not respond to anti-seizure medications (ASMs) [13-16]. Furthermore, there 
is insufficient evidence regarding the efficacy and safety of ASMs in AD patients 
who experience seizures [17]. Notably, a prospective randomized clinical trial 
demonstrated that less than one-third of AD patients with seizures achieved 
seizure freedom following ASM treatment [18]. These findings highlight the 
urgent need for new therapeutic targets that can benefit both epilepsy and AD.

The primary objective of this thesis is to unravel mechanisms underlying 
dysregulated processes in the epileptogenic brain, with a focus on the role of 
low-density lipoprotein receptor-related protein 1 (LRP1) in brain capillaries [19], 
which is important for amyloid beta (Aβ) clearance from the brain [19-26] and has 
been shown to decrease in expression during aging [23, 27, 28]. This may lead to 
Aβ accumulation [20] and increased neuronal excitability [29]. The ultimate aim 
is to apply the obtained knowledge for new treatment strategies in the elderly 
population when symptoms of epilepsy and AD emerge.

5.1 The role of LRP1 in neuropathological processes at the BBB
LRP1 is a multifunctional transmembrane receptor involved in endocytosis, 
signaling, and various physiological processes, including brain homeostasis, 
lipoprotein metabolism, and brain inflammation [30]. Notably, LRP1 expression 
in brain capillaries diminishes with aging, as shown in mice [23], rats [27, 28], 
 in Tg-2576 mice, an AD mouse model, [24], and in AD patients [23, 24, 27, 31, 
32]. In Chapter 2, we investigated LRP1 expression changes in the human and 
rodent epileptogenic brains. Although an age dependent capillary LRP1 decline 
is not clear in samples of human controls, our findings indicate a persistent 
downregulation of LRP1 protein expression in blood vessels in the human and 
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rat epileptogenic brain, to a similar extent as in the AD brain. While the precise 
mechanism underlying this downregulation remains unclear, it may result from 
seizure-induced pathophysiology, such as hypoxia [33, 34] or hypoglycemia [35, 
36]. As a consequence, brain Aβ levels may increase [19-26]. To investigate this, 
we examined in Chapter 2 soluble Aβ and amyloid plaque deposition in the brain 
of patients with temporal lobe epilepsy (TLE). In contrast to what we found in AD 
brain tissue, Aβ deposits were scarce or absent in TLE patients, and soluble Aβ 
levels did not significantly increase. At the same time, LRP1 expression in blood 
vessels declined to a similar extent in both diseases. This lack of significant Aβ 
accumulation in TLE patients could be due to age-related effect, as these patients 
were much younger than the AD cohort. Moreover, increased expression of glial 
LRP1 in TLE brains may compensate dysfunctional brain Aβ clearance (see next 
paragraph). Nonetheless, our findings align with previous research suggesting 
that Aβ pathology may be less pronounced in adult TLE compared to AD [37-42]. 
Furthermore, disease-related factors may also play a role. Notably, for transcytosis 
across the BBB, LRP1 transfers Aβ off to P-glycoprotein (P-gp), located on the 
luminal side of the brain endothelium, which further facilitates the efflux of Aβ 
[43-45]. Interestingly, P-gp expression is upregulated in TLE [46-48], whereas it 
is typically downregulated in AD [49]. In AD patients, LRP1 degradation in brain 
capillaries may be exacerbated by pathological concentrations of Aβ, which can 
promote proteasomal degradation of LRP1 [24]. Furthermore, a fragment generated 
through amyloidogenic processing of APP, known as APP intracellular domain 
(AICD), binds the LRP1 promoter and represses its transcription [50].

In Chapter 2, we observed an increase in LRP1 expression in glial cells in both 
human and rat TLE brains, suggesting that seizure activity induces opposite 
regulatory effects on LRP1 in glia compared to endothelial cells. Similar changes 
in glial LRP1 expression were noted in the hippocampi of AD patients. This finding 
aligns with a bioinformatics analysis of transcriptomic data from TLE patients, that 
identified upregulated astrocytic LRP1 as a hub epilepsy-associated gene, with 
elevated expression confirmed in the hippocampus of epileptic rat models [51]. 
Furthermore, a proteomics study demonstrated upregulation of hippocampal LRP1 
in a rat model of epileptogenesis 10 days after SE [52]. Astrocytic LRP1 plays an 
important role in Aβ clearance through cellular uptake and degradation [53] and 
therefore it is tempting to speculate that this glial upregulation of LRP1 may further 
enhance Aβ clearance within the TLE brain. Inhibition of LRP1 in astrocytes has 
been shown to reduce key Aβ-degrading enzymes, such as matrix metalloproteases 
MMP2, MMP9, and the insulin-degrading enzyme, highlighting its importance in 
extracellular Aβ degradation [53]. Moreover, mice in which LRP1 was knocked 
out in radial glial cells and their progeny, including hippocampal astrocytes and 
neurons, developed early postnatal seizures and exhibited hippocampal neuronal 
hyperexcitability, suggesting that astrocytic LRP1’s role in reducing brain 
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excitability [54]. Interestingly, these mice also displayed impaired glial uptake of 
tissue plasminogen activator (tPA), a serine protease activated during neuronal 
activity [55]. In TLE patients and animal models, tPA is upregulated [56, 57] and 
is recycled by astrocytes via LRP1 to prevent NMDA-induced neurotoxicity [58]. 
Collectively, these findings suggest that the upregulation of astrocytic LRP1 
in epilepsy patients may serve as a homeostatic response to also potentially 
counteract the reduced expression of LRP1 in brain blood vessels. This mechanism 
may help mitigate increased parenchymal Aβ and tPA levels, supporting neuronal 
survival and maintaining brain homeostasis under epileptic conditions. These 
findings highlight the complex interplay between LRP1, Aβ, and disease-specific 
mechanisms in epilepsy and AD.

Besides transporting Aβ, LRP1 has also many other functions. Interestingly, LRP1 is 
also known as transforming growth factor beta type 5 receptor (TGFβVR) and binds 
directly to TGFβ1, a key immune system modulator [59]. Moreover, LRP1 can form 
a heterocomplex with the TGFβR1, preventing the formation of a functional TGFβR 
and subsequent activation of this pathway [60]. Thus, lower expression of LRP1 
in blood vessels may promote inflammation via activation of the TGFβ pathway 
as has been shown in mice in which LRP1 was knocked out in vascular smooth 
muscle cells [61]. TGFβ is a multifunctional cytokine involved in many processes 
(for review, see [62]), for example gliogenesis [63] and angiogenesis [64]. Cortical 
exposure to albumin, which occurs when the BBB is dysfunctional, induces epilepsy 
mediated by activation of the TGFβ pathway [65]. BBB dysfunction is observed in 
both epilepsy and AD models, as well as in patients [66, 67]. Additionally, elevated 
expression of TGFβ has been found in epilepsy patients and after status epilepticus 
(SE) in rats [68-71] and AD patient brain tissue [72, 73]. Moreover, higher TGFβ 
mRNA expression is found in 5xFAD mice brain tissue [74]. Interestingly, GFAP 
gene activation is dependent on TGFβ [75] and mice that overexpress TGFβ1 from 
astrocytes showed perivascular amyloid beta depositions [73]. Targeting TGFβ1 
signaling could be a potential therapeutic strategy in AD [76] and epilepsy [77, 78]. 
Thus, downregulation of LRP1 in brain capillaries may contribute to perivascular 
inflammation, epileptogenesis and cognitive deficits through impaired scavenging 
of TGFβ by LRP1.

In Chapter 2, we observed increased LRP1 expression in CA1 neurons of TLE 
patients, which may protect these surviving neurons through LRP1-mediated 
endocytosis and lysosomal degradation of Aβ [79]. However, neuronal LRP1 
expression might also contribute to neurodegeneration by promoting the 
uptake of toxic compounds. For example, LRP1 can internalize APP, enhancing 
its amyloidogenic processing and leading to net production of Aβ that exceeds 
its clearance capacity [80]. In addition, LRP1 mediates the endocytosis and 
propagation of tau proteins [81], which aggregate into neurofibrillary tangles when 
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phosphorylated, as observed in AD patient brains. LRP1 facilitates the uptake and 
spread of α-synuclein, another protein linked to neurodegenerative diseases [82]. 
These findings suggest that elevated neuronal LRP1 expression may exacerbate the 
spread of harmful substances, potentially disrupting brain networks. Supporting 
this, in chapter 2 we found hyperphosphorylated tau in TLE patients, reinforcing 
a strong epilepsy-AD link for tau, consistent with previous studies [37, 38, 40, 42]. 
Hyperphosphorylated tau (p-tau) has also been reported in the intrahippocampal 
kainic acid model of TLE [83]. Although the 5xFAD model is considered to be a 
model where tau and p-tau play a minor role (see Figure 2 in Chapter 1), there 
are a few publications that describe higher p-tau levels in the 5xFAD mouse 
model beginning at five months of age as compared to wild-type controls [74, 
84]. Interestingly, tau reduction in aged mice protects against PTZ induced 
seizures [85]. However, anti-tau antibodies have not produced clinical benefits 
in AD patients in clinical trials [86], possibly since merely the loss of functional 
tau may contribute to disease progression, tau accumulation is a terminal event in 
neurodegenerative disorders, and tau is phosphorylated at different positions in 
various tauopathies. These findings suggest that neuronal LRP1 overexpression 
and associated tau pathology may have broader implications for the interplay 
between epilepsy and neurodegeneration, warranting further investigation as our 
exploration of this topic has been limited.

5.1.1 LRP1’s role in epileptogenesis and neuroinflammation
In Chapter 3, we investigated the impact of an inducible knockout of brain 
endothelial LRP1 on epileptogenesis using transgenic mice. Our findings revealed 
that the loss of brain endothelial LRP1 in control mice led to the development 
of epileptiform spikes, demonstrating that LRP1 plays a critical role in 
maintaining neuronal excitability. This finding raises an important question: What 
neurobiological mechanisms underlie the hyperexcitability observed in these mice?

To further explore this, we investigated markers of glial cell activation associated 
with neuroinflammation, as well as the presence of soluble Aβ and amyloid plaques, 
in brain endothelial LRP1KO mice. Our findings revealed evidence of astro- and 
microgliosis in these mice, but no significant changes in brain soluble Aβ levels or 
amyloid plaque deposition. These results suggest that in this transgenic model, 
epileptogenesis is primarily driven by gliosis-related mechanisms rather than 
by brain Aβ accumulation. Astro- and microgliosis, along with the release of 
neuroinflammatory factors, are well-established contributors to hyperexcitability 
and epileptogenesis in both AD [87, 88] and epilepsy [89, 90]. Glia-mediated 
neuronal hyperexcitability can be inflammatory, but also non-inflammatory, and 
also caused by inflammation, often exacerbating each other in a vicious cycle 
[91]. Notably, silencing radial glial LRP1 in vivo activates microglia and astrocytes 
[54]. Similarly, neuronal LRP1 deletion in vivo activates microglia and astrocytes 
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leading to the release of neuroinflammatory factors such as TNF-α, IL-6, and 
IL-1β [92]. Additionally, in vitro studies have demonstrated that LRP1 deletion 
increases the expression of proinflammatory cytokines and chemokines [93]. 
Pro-inflammatory cytokines enhance excitatory neurotransmission by promoting 
exocytosis of calcium-permeable glutamate receptors and decreasing inhibitory 
neurotransmission by promoting endocytosis of GABA receptors resulting 
in fewer surface receptors [94, 95]. This glial activation plays a pivotal role in 
epileptogenesis, as illustrated by the fact that genetically induced astrogliosis has 
been shown to cause epileptic seizures in mice [96], while suppressing microglial 
activation reduces seizure susceptibility [97]. Moreover, hippocampal microglial 
proliferation and reactive phenotypical changes, induced via activation of the 
mTOR pathway, have been reported to induce seizures [98].

Although LRP1KO-induced changes in brain Aβ levels are reported at younger 
ages in 5xFAD mice [20, 99], those effects may have been masked in our study 
by the overwhelming presence of abundant soluble Aβ and Aβ plaques in the 
hippocampus at older ages [20, 100, 101]. Potentially due to the similar reason, no 
differences between seizure and spike frequency were observed between 5xFAD 
WT and 5xFAD LRP1KO mice groups. Despite high Aβ levels in all animals, seizures 
were not evident in all animals. This is consistent with observations in other AD 
models [29]. Furthermore, astro- and microgliosis were also evident in 5xFAD WT 
mice and 5xFAD LRP1KO mice, but not different between the two groups. This is 
consistent with previous studies [20]. This is likely because gliosis has already 
peaked at this age in 5xFAD mice [100, 102], leaving no room for further increases.

Despite high levels of gliosis and/or Aβ levels, we observed a low seizure frequency 
in 5xFAD WT mice and 5xFAD LRP1KO mice. Although these factors may contribute 
to the induction of spikes (epileptogenesis), they may not be decisive in triggering 
seizures. Seizures may arise when other critical elements, such as blood-brain 
barrier dysfunction, come to the forefront [66, 78]. In the epileptogenic brain, 
reactive astrocytes produce pro-epileptogenic inflammatory factors that are often 
linked to BBB dysfunction in epilepsy [66, 78, 90, 103-105] and AD [49, 67, 106]. 
However, no significant BBB leakage was detected using albumin as a marker in 
LRP1KO mice, confirming findings from a previous study [20], nor in the 5xFAD 
WT and 5xFAD LRP1KO mice. Although subtle BBB leakage at earlier ages has 
been detected using more sensitive techniques in global endothelial LRP1KO mice 
[107], BBB dysfunction has been observed in brain endothelial LRP1KO mice only 
at a much older age (20 months) [108]. Furthermore, preserved microvascular 
function has been found in 7-11 month old 5xFAD mice [109]. Thus, in addition to 
high Aβ levels and gliosis, pronounced BBB leakage may play an important role in 
ictogenesis, and its lack in our study cohort may explain why we did not observe 
frequent seizures.
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5.1.2 LRP1’s role in cognitive decline
In Chapter 4, we investigated the effects of inducible knockout of brain endothelial 
LRP1 on cognition in transgenic mice. Our results showed that brain endothelial 
LRP1KO impairs spatial learning in control mice. This is consistent with earlier 
studies reporting cognitive deficits following global endothelial LRP1 inactivation 
in young mice [107] and in mice with reduced brain capillary LRP1 expression due 
to GLUT1 deficiency [21]. Similarly, hippocampal interictal spikes impair cognition 
in epileptic rats [110] and epilepsy patients [111, 112].

Several mechanisms may explain these cognitive deficits, likely operating in 
tandem. First, hippocampal epileptiform spikes during sleep may interfere with 
memory consolidation, as observed in AD patients [5, 9, 10] and in animal models 
[113-115]. Conversely, sleep-disordered breathing, often associated with poor sleep 
quality, further exacerbates cognitive issues, as it has been linked to earlier onset 
of mild cognitive impairment [116].

Second, a role for gliosis in cognitive decline was suggested by various studies 
[117-119] and aligns with our finding of increased gliosis in LRP1KO mice. Microglia 
are crucial for learning and memory functions, because of their role in synapse 
formation [120]. However, when microglia become overactive they may excessively 
prune synapses, leading to the loss of neural connections vital for proper cognition 
functioning [119]. Similarly, astrocytes are essential for maintaining synaptic 
and network balance, and disruptions in their signaling can result in cognitive 
impairments [117, 118]. Studies in dementia patients have linked cognitive decline to 
astrogliosis [121, 122] and microglial activation [123], both of which are also evident 
in epilepsy [89, 90, 124]. Moreover, gliosis can lead to the release of inflammatory 
cytokines, which damage neurons and synapses, thereby exacerbating cognitive 
decline [125, 126].

Interestingly, we observed spatial learning and cognitive flexibility were impaired in 
5xFAD mice, but these deficits were not exacerbated by additional brain endothelial 
LRP1KO. The effect of adjunctive brain LRP1KO was probably masked by the 
already abundant existing cognitive defect in 5xFAD mice, as these mice already 
have excessive brain gliosis [100, 102]. Previous studies have shown that targeting 
gliosis can improve cognition in neurodegenerative models: blocking microglial 
proliferation enhanced cognitive function in APP/PS1 [127] and 5xFAD mice [128], 
while inhibiting astrocyte activation rescued cognitive impairments in 5xFAD mice 
[129]. These findings further underscore the critical role of glial cell activation in 
the pathways underlying cognitive decline.

Neuronal activity induces DNA double-strand breaks in the promoter of the Fos 
gene, enhancing its expression [130]. Increased DNA damage was observed in 
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5xFAD mice [131]. ΔFosB, an activity-dependent transcription factor from the 
Fos gene family, may serve a protective role by supporting cell survival and 
reducing excitability in hippocampal CA1 neurons [132, 133]. In Chapter 4, we 
observed high hippocampal ΔFosB and low calbindin expression as markers of 
epileptiform activity and cognitive decline in 5xFAD mice, unaffected by LRP1KO. 
These findings are consistent with other studies linking ΔFosB and calbindin 
alterations to epilepsy and AD, for ΔFosB see [134-142], and for calbindin see 
[29, 141, 143-150]. ΔFosB’s remarkable stability, with a half-life exceeding eight 
days [151], allows it to sustain long-term changes in gene expression, making it a 
key regulator in epileptogenesis. For instance, ΔFosB induces GFAP expression 
[132] and epigenetically downregulates calbindin through histone deacetylation of 
its promoter [141]. Calbindin, a calcium-binding protein, is critical for maintaining 
intracellular calcium homeostasis and protecting neurons from calcium-mediated 
neurotoxicity during hyperexcitability [152, 153]. Its role in stabilizing neural circuits 
supports normal cognitive functions and guards against neurodegeneration [154-
156].

5.2 Novel therapeutic strategies for epilepsy and AD
Currently, there are no cures for epilepsy and AD, and available treatment 
options have notable limitations. Therefore, the search for novel therapeutic 
strategies is ongoing. In recent years, novel therapeutic strategies for epilepsy 
and AD were mainly focused on targeting neuroprotective, neuroinflammatory, 
and neurodegenerative processes through both pharmacological and non-
pharmacological interventions [157, 158] as well as on repurposing of drugs. 
Restoring LRP1 expression in blood vessels was recently suggested as novel 
therapeutic approach for AD [159], which may also be useful in reducing 
epileptogenesis. Peripheral treatment with recombinant LRP1 ligand binding 
domain IV (LRP-IV), resembling soluble LRP1, reduces brain Aβ levels and improves 
cognitive function in Tg2576 mice [160]. Furthermore, targeting LRP1 to regulate 
homeostasis during vascular complications through multiple signaling pathways, 
including the TGF-β pathway, has been suggested to be promising [161].

5.2.1 Restoring LRP1 expression in blood vessels as a novel therapeutic target
Various interventions have highlighted the therapeutic potential of restoring LRP1 
expression at the BBB. For instance, gene therapy aimed at restoring LRP1 at the 
BBB successfully reversed cognitive impairment and BBB dysfunction in global 
endothelial LRP1 knockout mice [107]. Antioxidants counteract inflammation-
induced Aβ accumulation through an LRP1-dependent mechanism at the BBB [162], 
and oleocanthal (a natural phenolic component in extra-virgin olive oil) boosts brain 
capillary LRP1 expression to facilitate Aβ clearance [163]. Magnesium enhances 
LRP1 expression in an in vitro human BBB model and accelerates Aβ clearance 
[25], and Withania somnifera (a nightshade family member) root extract increases 
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LRP1 expression in brain microvessels, reversing AD pathology in APP/PS1 mice 
[164]. Similarly, the antibiotic rifampicin upregulates LRP1 in brain endothelial cells 
to enhance Aβ clearance [165] and has been shown to slow cognitive decline 
in AD patients [166]. Furthermore, targeting several microRNAs rescue copper-
induced decreases in LRP1 expression in human primary microvascular endothelial 
cells [167]. Another strategy to modulate LRP1 expression involves targeting the 
peroxisome proliferator-activated receptor gamma (PPAR-γ). For example, PPAR-γ 
agonist rosiglitazone increases LRP1 expression in adipocytes [168] and in human 
brain microvascular endothelial cells, thereby enhancing Aβ uptake [169]. Similarly, 
pioglitazone, another PPAR-γ agonist, elevates LRP1 expression in hippocampal 
endothelial cells, reduces hippocampal soluble Aβ levels, and improved cognitive 
function in a mouse model of sporadic AD [170]. Additionally, pioglitazone decreases 
the severity of PTZ-induced seizures [171], while rosiglitazone protects against 
cognitive decline, reduces astrogliosis, and mitigates oxidative stress in rats with 
pilocarpine-induced SE [172]. The beneficial effects of PPAR-γ agonists may partly 
result from their ability to upregulate excitatory amino acid transporter 2 (EAAT2), 
responsible for extracellular glutamate uptake, thereby preventing excitotoxicity 
[173]. PPAR-γ also enhances astrocytic defense mechanisms against reactive 
oxygen species (ROS) [174, 175], contributing to neuroprotection. Interestingly, 
rosiglitazone improves cognitive decline in ApoE4-negative patients with mild-
to-moderate AD, but was ineffective in ApoE4 carriers [176]. A subsequent Phase 
III trial, however, failed to confirm cognitive benefits in AD patients, regardless 
of ApoE4 status [177]. Thus, although some studies suggest that targeting LRP1 
through PPAR-γ agonists could offer a novel approach to mitigate epileptogenesis 
and cognitive decline, further research is necessary to validate their efficacy 
and understand the underlying mechanisms, particularly in the context of ApoE 
isoforms.

Statins, widely used cholesterol-lowering drugs, have been shown to reduce 
AD risk [178] and exhibit antiepileptic effects in mice [179]. Their action may 
involve the suppression of sterol regulatory element binding protein-2 (SREBP2), 
a transcriptional repressor of LRP1 [180], which is suppressed by sterols like 
cholesterol [181]. As a result, simvastatin and lovastatin upregulate LRP1 in human 
brain endothelial cells [182], and fluvastatin increases LRP1 levels at the BBB in 
a mouse model of AD [183]. Similarly, non-statin cholesterol-lowering drugs like 
probucol enhance hippocampal LRP1 expression and reduce glial activation in aged 
rats [184], while anti-PCSK9 antibodies prevent LRP1 degradation, reducing Aβ 
pathology and preserving cognitive function in an AD mouse model [99]. Vitamin 
D receptor agonism also upregulates LRP1 through SREBP2 inhibition, leading to 
reduced Aβ burden and cognitive deficits in APP/PS1 mice [185]. Moreover, vitamin 
D increases LRP1 expression in mouse brain endothelial cells [186]. Lower levels of 
GLUT1, the transporter responsible for glucose transport across the BBB, may also 
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lead to transcriptional inhibition of LRP1 through SREBP2 in brain endothelial cells 
[21]. GLUT1 deficiency syndrome, caused by heterozygous mutations in SLC2A1, 
the gene which encodes GLUT1, is characterized by infantile-onset seizures [187]. 
These findings underscore the therapeutic potential of targeting SREBP2 to restore 
LRP1 expression at the BBB, mitigating pathological processes in both AD and 
epilepsy.

Lifestyle and dietary interventions also influence LRP1 levels: cognitive and 
physical stimulation increased brain LRP1 levels in an AD mouse model [188], 
while ketone bodies (which are produced during a ketogenic diet, a treatment for 
epilepsy) rescued seizure-like behavior in LRP1-deficient Drosophila [189]. Several 
lifestyle factors have been identified as playing a role in reducing the risk of both 
epilepsy and cognitive deterioration, and taking these into account may contribute 
to healthier aging and cognitive preservation. Furthermore, sleep deprivation 
reduces hippocampal LRP1 expression in rats [190], suggesting an important role 
for sleep in the proper functioning of LRP1. Similarly, the importance of sleep is 
illustrated by the fact that treatment of sleep-disordered breathing with continuous 
positive airway pressure delayed the age at MCI onset [116]. Interventions that 
prioritize physical activity, balanced nutrition, cardiovascular health, quality 
sleep, and cognitive stimulation could be beneficial. Integrating these practices 
into public health strategies and personal health management could lead to 
improved (health) outcomes for individuals and communities. Altogether, these 
observations underscore the therapeutic value of targeting LRP1 expression at the 
BBB to potentially restore homeostasis, protect neuronal function, and mitigate the 
progression of epilepsy and AD.

While increasing the expression of LRP1 yields promising results in mitigating 
neuropathological processes that may contribute to epilepsy and AD, it is crucial 
to approach this strategy carefully. LRP1 expression differs across cell types and 
tissues and boosting it without specificity may have harmful effects. For example, 
while brain endothelial LRP1 levels are reduced in some neurological disorders, the 
expression levels of neuronal and glial LRP1 can already be elevated. Increasing 
it further in these cells may worsen pathology or even interfere with normal brain 
function. Outside the brain, LRP1 is involved in processes like lipid metabolism, 
meaning systemic therapies could cause unintended effects in organs such as 
the liver. Any treatment targeting LRP1 must carefully consider these risks and 
benefits, focusing on where and when to enhance its expression and how this 
affects cellular expression levels with caution towards potential harmful side 
effects caused by potential off target effects. Future research should prioritize 
methods to selectively increase LRP1 expression at the BBB without affecting 
other tissues or cell types.
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5.3 Concluding remarks
Our findings indicate that LRP1 is downregulated at the BBB in both experimental 
epilepsy and patients with epilepsy. Additionally, we have shown that inducible 
knockout of LRP1 in brain endothelial cells in transgenic mice leads to epileptiform 
spikes and induced cognitive dysfunction, primarily associated with gliosis-
related mechanisms rather than Aβ accumulation. A therapy aimed at restoring 
LRP1 specifically at the level of the BBB may therefore be a novel therapeutic 
approach. To explore this potential therapy, it is crucial to identify the most 
suitable delivery mechanisms, understand potential harmful off-target effects, 
and determine the optimal timing and dosing for treatment in a preclinical setting. 
Additionally, clinical studies will be required to evaluate whether such therapy 
impacts disease progression in humans and whether it can prevent the onset of 
disease. In summary, further investigation is essential to develop strategies that 
could ultimately slow down or halt disease progression, or ideally, even prevent it.
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