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Brain ischemia as a bridge to 
Alzheimer’s disease

An update of the etiology of Alzheimer’s 
disease (AD): The current theory of the 
etiology of AD and the guidelines for most 
of the wide-ranging treatments activities 
are built around amyloid and tau protein 
as causative agents of the disease (Atlante 
et  a l . ,  2020).  At  present,  based on a 
comprehensive evaluation of existing and 
contemporary studies, important questions 
arise regarding the causal role of amyloid 
and tau protein in the pathogenesis of 
AD (Morris et al., 2018). Analyzes of the 
available evidence does not allow obvious 
conclusion that amyloid, and especially 
tau protein, plays a key role in the etiology 
of AD (Morris et al., 2018). Evaluation 
of new data shows that accumulation of 
amyloid and altered tau protein is not the 
main cause of AD and more research is 
needed (Morris et al., 2018). As for the two 
substances planted to contribute to the 
development of AD, recent data indicate that 
the changes of amyloid and tau protein level 
and structure is triggered by some as yet 
unspecified factors, and then the triggered 
amyloid and tau protein interact with each 
other, exerting synergistic toxic effects on 
neurons and damaged neurons initiate the 
development of AD (Morris et al., 2018). It 
is certain that the pathology of amyloid and 
tau protein is currently ruled out as the sole 
cause of the development of dementia, as it 
cannot explain why about half of the world’s 
population have accumulation of different 
kinds of amyloid plaques and neurofibrillary 
tangles in the absence of dementia (Atlante 
et al., 2020). In these people, it was observed 
that the accumulation of neurofibrillary 
tangles increased exponentially with age 
(Atlante et al., 2020). In addition, it was 
noted that the appearance of hippocampus 
atrophy in elderly people with normal 
cognitive performance was not dependent 
on the presence of level and structure of 
amyloid (Atlante et al., 2020). Moreover, 
a multicenter study found that in patients 
diagnosed with AD, about one-third of the 
cases had no brain amyloid (Atlante et al., 
2020).

Thus, research clearly indicates that amyloid 
plaques and neurofibrillary tangles do 
not initiate AD and are only two of the 
many degenerative changes that occur in 
this disease. The above data suggest that 
continuing this approach will not solve 
the problem of the etiology of AD. These 
data clearly suggest that we should seek 
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of patients (Lo et al., 2019). Experimental 
studies have also shown a synergistic link 
between cerebral ischemia and AD, which 
increases the risk of developing AD dementia 
(Figure 1) (Kiryk et al., 2011).

Post-ischemic neurodegeneration mimics 
neurodegeneration in AD: A reversible 
episode of cerebral ischemia in humans and 
animals causes massive neuronal death in 
the hippocampus and cerebral cortex. Death 
of neurons in the CA1 region of the ischemic 
hippocampus occurs within 7 days of 
survival (Pluta et al., 2009). Prolonged post-
ischemic survival of up to 2 years results in 
additional neuronal loss in the CA3 region 
of the hippocampus (Pluta et al., 2009). 
The same kind of neuronal changes are 
seen in patients with ischemic brain injury 
(Gemmell et al., 2012). Ischemia opens 
the movement of cellular and non-cellular 
blood elements, e.g., platelets, lymphocytes, 
monocytes, neutrophils, and amyloid and 
tau protein, across the ischemic blood-
brain barrier into brain. This consequently 
causes the development of vasoconstriction, 
amyloidosis, cerebral amyloid angiopathy, 
and inflammatory changes in the brain. 
Inflammatory factors are also triggered 
by microglia and astrocytes, which in turn 
causes a self-sustaining cycle that leads to 
progressive ischemic neurodegeneration 
of the brain.  These processes tr igger 
additional changes in neurons and their 
death, with permanent disruption of the 
neural network. Substances released by 
microglia and astrocytes, e.g. interleukin-1 
and tumor necrosis factor α, further increase 
the permeability of the ischemic blood-brain 

alternative views on the etiology of AD that 
are currently potentially under consideration, 
such as brain ischemia. We suggest that in 
order to thoroughly understand the etiology 
of AD, the amyloidocentric theory should be 
abandoned, without ruling out the role of 
amyloid. Experimental and clinical studies 
on brain ischemia provide ample evidence 
that ischemia is involved in the development 
of the phenotype and genotype of AD, 
suggesting that brain ischemia studies may 
be useful in elucidating the pathogenesis of 
AD (Figure 1) (Pluta et al., 2009; Kiryk et al., 
2011; Gemmell et al., 2012; Lo et al., 2019).

Post-ischemic dementia mimics dementia 
in AD:  Currently, the number of post-
ischemic cases worldwide is estimated at 
approximately 33 million (Bejot et al., 2016). 
If the trend of ischemic stroke continues 
worldwide, there will be 70 million stroke 
survivors in 2030, and more than 200 million 
disability-adjusted life years will be recorded 
annually (Bejot et al., 2016). A dangerous 
consequence for patients after brain 
ischemia is the progressive and irreversible 
development of dementia. The prevalence 
of dementia after the first ischemic stroke 
and recurrent stroke is estimated at 10% 
and 41%, respectively (Lo et al., 2019). 
Worldwide, post-ischemic dementia is 
estimated to occur in approximately 50% 

Figure 1 ｜ The role of ischemia in the development of the Alzheimer’s disease phenotype and 
genotype. 
↑: Increase; ↓: decrease. BBB: Blood-brain barrier; CAA: cerebral amyloid angiopathy; CBF: cerebral 
blood flow; NFT: neurofibrillary tangles. 
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barrier. This initiates secondary damage to 
already damaged brain. Changes in white 
matter with proliferation of neuroglial 
cells are observed in animals and humans 
post- ischemia.  In the years fol lowing 
ischemia in humans and animals, ischemic 
neurodegenerative processes cause general 
brain atrophy, including the hippocampus.

Genes involved in the production of 
amyloid in post-ischemic brain:  After 
experimental ischemic brain injury with a 
survival of up to 2 years, diffuse and senile 
amyloid plaques have been documented 
in the brain (Pluta et al., 2009). These data 
indicate that post-ischemia, the production 
of amyloid is additionally responsible for 
the progression of neurodegeneration that 
worsen the outcome of ischemia through 
progressive neuronal death. Also in humans 
after cerebral ischemia, both diffuse and 
senile amyloid plaques have been observed 
in the hippocampus and cerebral cortex.

In the CA1 area of the ischemic hippocampus 
with a 2-day survival, the expression of the 
amyloid protein precursor gene fell below the 
control value (Kocki et al., 2015). But 7–30 
days post-ischemia, expression of this gene 
increased above the control value (Kocki et 
al., 2015). Expression of the β-secretase gene 
increased above the control value 2–7 days 
post-ischemia (Kocki et al., 2015). In contrast, 
at 30 days post-ischemia, the expression of 
the β -secretase gene fell below the control 
value (Kocki et al., 2015). But the expression 
of the presenilin 1 and 2 genes was above 
the control value at 2–7 days post-ischemia 
(Kocki et al., 2015). Thirty days post-ischemia, 
the expression of these genes fell below the 
control values (Kocki et al., 2015).

In the CA3 area, 2, 7 and 30 days post-
ischemia, the expression of the amyloid 
protein precursor gene increased above 
the control values (Pluta et al., 2020). In 
contrast, expression of the α-secretase gene 
fell below the control values 2, 7 and 30 days 
post-ischemia (Pluta et al., 2020). Expression 
of the β -secretase gene also fell below the 
control value but only for 2–7 days post-
ischemia. However, at 30 days post-ischemia, 
β -secretase  gene expression increased 
above the control value (Pluta et al., 2020). 
Presenilin 1 gene expression was above the 
control value for 2–7 days post-ischemia. 
In contrast, at 30 days post-ischemia, the 
expression of this gene fell below the control 
value (Pluta et al., 2020). Presenilin 2 gene 
expression decreased at 2–7 days post-
ischemia, but at 30 days post-ischemia it 
increased above the control value (Pluta et 
al., 2020). 

The tau protein gene in the post-ischemic 
brain: Post-ischemia, intense staining of 
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the tau protein was observed in neurons in 
the hippocampus and the cerebral cortex. 
Neurofibrillary tangles were also found 
in post-ischemic brain (Hatsuta et al., 
2019). In the CA1 region of the ischemic 
hippocampus, tau protein gene expression 
was above the control value for 2 days, but 
at 7–30 days post-ischemia, gene expression 
dropped below the control value (Pluta et 
al., 2018). In the CA3 region, the expression 
of the tau protein gene decreased for 2 days 
post-ischemia, but within 7–30 days post-
ischemia, gene expression increased above 
the control value (Pluta et al., 2020). 

Conclusion: The combination of amyloid 
and tau protein does not lead to the 
development of AD, and the fact that 
ischemia may play a role in AD has led a 
handful of scientists to believe that research 
should be directed at  understanding 
the interactions between these three 
factors. Increased levels of amyloid in the 
brain following ischemia cause amyloid 
accumulation in the vessel wall with primary 
atherosclerosis, leading to the development 
of cerebral amyloid angiopathy (Pluta et 
al., 2009). The development of cerebral 
amyloid angiopathy (Pluta et al., 2009) 
limits the transport of energy substrates 
to the brain across the ischemic blood-
brain barrier, and also reduces clearance of 
amyloid from the brain. Additionally, factors 
released during neuroinflammation increase 
the leakage of the blood-brain barrier. An 
additional increase in the permeability of 
the blood-brain barrier allows inflammatory 
cells, amyloid and tau protein to travel 
from the circulatory system to the brain, 
leading to a vicious cycle. It is clear from the 
available evidence that much remains to be 
understood about the role of ischemia in the 
etiology of AD and to aid in the development 
of preventive and therapeutic strategies.
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