Supplementary Material 1
Overview of the pathological hypothese in AD

1. Cholinergic Hypothesis

The cholinergic hypothesis was proposed by Davies and Maloney in 1976 [1]. They compared
the activities of the key enzymes involved in the synthesis of the neurotransmitters in different
brain regions of brains from AD patients and control and found that the activity of choline
acetyltransferase in the AD brains was greatly reduced in the amygdala, hippocampus, and cortex,
in which the concentration of acetylcholine (ACh) was decreased at synapses [2]. As ACh is a
neurotransmitter involved in critical physiological processes such as attention, learning, memory,
stress response, wakefulness and sleep, and sensory information, this was the first time that AD
was described as cholinergic system failure [3,4] and cholinergic neuron damage was considered to
be a critical pathological change that correlated with cognitive impairment in AD. However, not all
treatments that are based upon the cholinergic hypothesis have been successful in treating the
symptoms or slowing the progression of AD. Therefore, a disruption to the cholinergic system has
been proposed as a consequence of AD rather than a direct cause.

2. Tau Hypothesis

The tau hypothesis is based on the loss of microtubule-stabilizing tau protein that leads to the
degradation of the cytoskeleton of brain cells, and the formation of intracellular neurofibrillary
tangles (NFTs), consisting of abnormally phosphorylated and aggregated tau protein [5-7], thereby
destabilizing microtubules and compromising axonal transport [5-9], especially in memory-
associated brain regions of AD patients [10,11]. Pathological alterations of tau were thought to be
downstream events of AP deposition; however, tau and A3 may act as well in parallel, enhancing
each other's toxic effects and initiate the pathogenic events germane to AD [12]. Recent studies also
point to soluble, diffusible tau oligomers as important drivers of tau related disease progression in
the brain [13-16].

3. Amyloid Cascade Hypothesis

The amyloid cascade hypothesis was first proposed in 1991 by Selkoe and Hardy and Allsop
[17,18]. They proposed that the pathological cascades in AD start with the deregulation of the APP
gene, followed by A deposition [17], followed by tau phosphorylation, NFT formation, and
eventually neuronal death [18]. The central role of the amyloid hypothesis in AD pathogenesis has
been supported by the fact that familial forms of AD are caused by overproduction of AP peptides
with a tendency to misfold. Familial forms of AD are caused by mutations in either the APP gene,
which is sequential cleaved by B-secretase (BACE1) and vy-secretases which has a length of 40 amino
residues, or in the genes encoding presenilin 1 (PSEN1) or presenilin 2 (PSEN2), which are essential
components of the y-secretase complex [19]. A small fraction (around 10%) corresponds to the Ap:-
«2 variant [20], which is a highly hydrophobic protein and prone to aggregation, and the most
pathogenic form. Overall, these mutations lead to the elevation of total AP and a higher AB142/AB140
ratio, and A3 aggregation leading to the formation of extracellular A plaques [21].

4. Reactive Gliosis and Inflammation Hypothesis

Besides AP and tau, reactive gliosis and neuroinflammation also seem to play an important
role in AD [22,23]. Emerging genetic and transcriptomic studies showed that microglia-related
pathways are important for AD risk and pathogenesis [24]. It has been shown that microglia and
astrocyte cells exhibit higher activity in AD patients compared to the control group [25]. Reactive
microglia and astrocytes will surround A plaques and release inflammation-inducing factors, such
as TNF-a, to cause immune responses. In addition, also numerous pro-inflammatory cytokines such
as IL-1B, TGF-B, IL-12, and IL-18 are secreted [26].



5. Oxidative Stress and Mitochondrial Cascade Hypothesis

Oxidative stress is considered to play an important role in the pathogenesis of AD [27-29].
Cellular oxidative stress may include increased protein oxidation, protein nitration, glycol
oxidation and lipid peroxidation as well as accumulation of Af3. Moreover, A3 can also induce
oxidative stress [28]. The level of oxidative stress is closely related to the mitochondrial function in
AD [30] as evidence has shown that in AD brains, the production of reactive oxygen species (ROS)
increases due to mitochondrial damage [31]. Furthermore, the brains of AD patients have elevated
levels of oxidative DNA damage in both nuclear and mitochondrial DNA, with the mitochondrial
DNA having approximately 10-fold higher levels compared to nuclear DNA. Aged mitochondria
may be the critical factor in the origin of neurodegeneration in AD [32]. Even individuals with mild
cognitive impairment, the phase between normal aging and early dementia, have increased
oxidative damage in their nuclear and mitochondrial brain DNA [33]. Moreover, a two hit
hypothesis was introduced by Zhu et al. 2004, suggesting that both oxidative stress and mitogenic
dysregulation are necessary and sufficient to cause AD [34,35].

6. Neurovascular Function Hypothesis

Alterations in cerebrovascular function are features of both cerebrovascular pathologies and
neurodegenerative diseases, including AD [36]. The damage of cerebral microvasculature in AD
was first reported in 1994 [37]. Making use of an AD mouse model, Thomas et al. (1996), found that
AP can induce the constriction of the cerebral arteries [38] and impairment of neocortical
microcirculation, even before the accumulation of A [39]. Furthermore, dysfunction of low density
lipoprotein receptor related protein-1 (LRP-1) at the BBB has been found as a possible mechanism
leading to the increase of A levels in the brain [40]. In 2011, Zlokovic introduced the “two-hit
vascular hypothesis for Alzheimer’s disease”, with vascular risk factors as hit one, leading to an
increase in A in the brain, eventually leading to neurodegeneration and dementia [41]. Also, the
role of the efflux transporter P-glycoprotein at the BBB has been related to reduced clearance of A
from the brain [42]. Currently, the focus is on changes in the functioning of the BBB in AD and other
neurodegenerative disorders [43,44].
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