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Abstract: Alzheimer’s disease (AD), one of the degenerative diseases and dementias,
caused more than millions of people to suffer from it. Over the past few decades, scientists
have been putting much effort to study this particular disease in the hope of finding the drug
to cure AD. In this condition, two significant hallmarks were discovered, senile plaques and
neurofibrillary tangles (NFTs), furthermore leads scientists to focus on AP and tau protein
to study the pathogenesis of AD. However, the real culprit contributing to AD still remains
unknown. Although many amyloid-targeted drugs and tau-targeted drugs are developed,
they all failed, causing scientists to cast doubt on the amyloid-related perspective and tau-
related perspective. This article will mainly discuss the amyloid hypothesis and the tau
hypothesis, the factors driving the formation of senile plaques and NFTSs, the scientific data
supporting and opposing these two perspectives, the criticisms they are facing, and most
importantly the future orientation for scientists to study. Here, after understanding the
amyloid-related perspective, tau-related perspective, and other perspectives proposed for
AD, we extrapolate that the pathogenesis of AD is multifactorial; moreover, the future AD
study should take multiple factors into account.
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1. Introduction

Alzheimer’s disease (AD) is a type of degenerative disease considered to be the most common form
among dementias, causing millions of people to suffer from this disease in 2021[1]. Although
scientists have engaged themselves in the study of AD to help worldwide AD patients since the 20th
century [2], the determinate pathogenesis for AD still remains unknown. Many neuropathological
hallmarks have already been discovered by diligent scientists. Neuropathological hallmarks in an
AD patient are the abnormal existence of senile plaques, and the occurrence of neurofibrillary
tangles [3], which will translate into the loss of neurons and neurodegeneration in AD patients’
brains. In addition to the discoveries of pathological hallmarks of AD, scientists also discovered
various potential pathogeneses for AD, such as neuroinflammation, hyperphosphorylation of tau
protein, and f-amyloid protein. Here, two well- known perspectives will be mainly discussed in this
article, which are the amyloid-related perspective and the tau-related perspective. These two
different perspectives focus on the roles of different proteins in the pathogenesis of AD. Moreover,
this article will compare two focuses, and evaluate the future possibility of the Alzheimer’s disease
study related to amyloid and tau protein.
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2.  Beta-Amyloid and Tau in Alzheimer’s Disease
2.1. Beta-Amyloid in AD

The amyloid hypothesis mainly concentrates on the contribution of the effects of amyloid-Bon
pathogenesis of AD. Senile plaque is extracellular deposition of amyloid beta-peptide (AB), AB40,
and APB42, which is cut from amyloid precursor protein (APP) by B- and y-secretase [4]. Speaking
of AP, APP is critical for us to know first. The amyloid precursor protein is a transmembrane
protein that possesses large extracellular domains, and it belongs to a conserved gene family
including amyloid precursor-like proteins, APLP1 and APLP2. It is important to know that only
APP can produce amyloidogenic fragments among the family [5].

Normally, B-secretase cuts the APP externally, and y-secretase cuts it from the cytoplasmic side.
AP tends to misfold and get sticky. Aggregating misfolded AP forms soluble oligomers in the first
place, and different forms of AP including its oligomers subsequently become senile plaques [4].
After being cut out of the APP, AB40 and 42 will be processed by the microglia cells and other cells.
In a normal subject’s brain, there will be an equal rate between the degradation and the production
of AP [6]. The cerebrum will clean out all the produced AP, whereas, in a subject that is aged or
under a pathological state, the cleaning rate will decrease, meaning that this subject’s brain cannot
clean out an equal amount of AP that is being created [7]. Chronically, Ap will slowly clump
together, which exerts negative effects on our brain, including neurotoxicity and neurodegeneration.
As AP oligomers keep aggregating, they eventually form insoluble senile plaques. It is of note that
the presence of AP is the earliest pathological change in an AD patient’s brain, and the effects it is
more than that. When microglia is picking up the AP, it will also be activated by it, and
subsequently start to release inflammatory cytokine damaging the neurons [8]. Monomers, dimers,
higher oligomers, and polymers, are the different forms in which AP exists in the brain after being
separated from APP [9].

2.2. Amyloid-Related IlIness

The amyloid precursor protein gene is on chromosome 21, and the mutation of the APP gene leads
to a higher likelihood of AP production and aggregation. Indeed, an increase in the production of
AP is associated with mutations of APP. Some studies built upon this topic seem to be potent
evidence to support the rightness of the direction of previous work. For example, scientists have
discovered that the mutation in the component of y-secretase, presenilin, will lead to the abnormal
increase in the production of AP42 in familial Alzheimer’s disease (FAD) patients' cerebrum [10].
Extra AP will accumulate into senile plaques and then translate into senile plaques, resulting in the
loss of neurons and neurodegeneration. Another study has discovered the vital role of APP genetic
mutations in early-onset familial Alzheimer's disease (EOFAD), a rare case in AD patients
occupying 5% of the total AD patient population and characterized by an early episode of AD [11].
The AP and APP have also widely studied. It is notable that through the study done on
overexpressed APP, scientists suggest that in the region with high neuronal activity, the production
of AP from APP may be increased, and APB42 rather than 40 is likely to produce a depression of
synaptic transmission [12]. This experiment may indicate a positive correlation between high
neuronal activity, AP production, and synaptic depression. Although several discoveries, such as the
positive correlation between the level of total Ap and the progression of dementia [13], appear to
consolidate the belief of digging the underlying role of AP in the pathogenesis of AD, there are
more recent discoveries disapproving it, which puts it into the controversy.



2.3. Tau Protein

Tau protein is a microtubule-associated protein (MAP) with a high soluble property [3]. Tau protein
plays many roles in our cerebrum, including boosting microtubule growth and bundling, stabilizing
microtubule [14], and so on. Although tau serves many functions, its function of stabilizing
microtubules is what most are familiar with. The formation of axons and dendrites is unachievable
without the existence of stabilized microtubules that generate the cytoplasmic extensions [15], and
as mentioned earlier, tau is one of the MAPSs stabilizing microtubule.

2.4. Tau Phosphorylation in AD

Despites the positive functions of tau, the dominant composition of neurofibrillary tangles (NFTSs) is
phosphorylated tau, which is one of the pathological hallmarks of AD [16]. The other hallmark, is
the presence of senile plaques. Paired helical filament (PHF) was discovered to be the component of
NFTs, and it is partially made up by tau. Precisely, PHF is an intracellular deposit with insoluble
property and filamentous form composed of hyperphosphorylated tau [17]. Therefore, it becomes
legible that NFTs are predominantly composed of aggregated phosphorylated tau. Notably, NFT is
not formed by the complete phosphorylation of tau protein. In the normal physiological condition,
tau phosphorylated in 2-3 residues. Under pathological circumstance, however, the phosphorylation
of tau is anomalously higher than that [18]. The aberrant presence of NFT, therefore, causes the
destruction of microtubule, which further leads to the structural disintegration of the neuron.
Another problem discovered in the models is the characteristics of trans-synaptic propagation of
tau's pathological state, meaning tauopathies are able to spread across the synapse [19]. The
presence of pathological form of tau is not merely a pathological feature for AD but also a
renowned pathological hallmark in many neurological diseases, including Pick’s disease,
frontotemporal dementia linked to chromosome 17, Down’s syndrome, sporadic frontotemporal
dementias, Parkinsonism linked to chromosome 17, and so on [20-22]. All these diseases related
with aberrant tau are called collectively as tauopathy.

The impacts of tau protein dysfunction have been broadly studied and conjectured. It is now
conclusive that the hyperphosphorylated tau has negative influences on the affinity of tau to
microtubules, and will aggregate in vitro to form helical filaments similar to those observed in vivo
[23], which furthermore promotes the NFT formation. Besides, it is also demonstrated that soluble
tau protein will have a neurotoxic function in AD patients’ brains, which is resulted from the
structural change altered by an aggregation of phosphorylated tau [24]. The phosphorylation of tau,
nevertheless, does not always serve as a negative effect on the brain. Another experiment has shown
that the phosphorylation of tau protein exerts a protective purpose on neurons in the first place,
which is inhibiting the toxicity of AP [25].

2.5. Causes and Impacts of Tau Phosphorylation

Studies have shown various factors contributing to the phosphorylation of tau. An experiment on
genetically modified rats, causing them to lack sod2, showed that oxidative stress would translate
into tau phosphorylation [26]. Scientists also find that fibrillar Ap will induce the phosphorylation
of tau to proceed in primary rat and human neurons, and the induced phosphorylated tau will
resemble PHF-associated tau’s dysfunction of microtubules affinity [27], which aggregates into
NFT later on. Moreover, manganese ions can also be a factor that leads to hyperphosphorylation of
intracellular tau protein through the activation of ERK or MAPK, which is protein kinase [28].
Astrocytes was discovered to be a critical mediator for tau phosphorylation [29]. Factors causing
tau phsphorylation are always more than that, and there are still many factors contributing to the
phosphorylation of tau, and some of them are still waiting to be explored in the future.



3. Discussion

The discovery of NET and AP seem to open a promising door for the future prospect of this field.
Interestingly, the importance of tau in the pathogenesis of AD seems to be ignored by that time
under scientists’ great mass fervor toward AP. A few decades ago, scientists’ main interest in AD
study was the beta-amyloid protein. As more amyloid-targeting drugs failed, however, scientists
began to realize the importance of tau protein’s role in the pathogenesis of AD. Therefore, the
hyperphosphorylation, aggregation, and truncation of tau are now widely studied and are considered
to be the main pathogenesis of many dementias by many scientists, including AD [30]. The reason
for the shift from the amyloid-related perspective to the tau-related perspective or tau hypothesis is
varied. This shift becomes increasingly obvious in recent decades as more and more studies have
shown the importance of tau in the pathogenesis of AD. A significant factor that makes many
scientists start realizing tau’s role is the continuous failures in the development of amyloid beta-
targeted or anti-amyloid drugs, they either failed or did not reach scientists’ expectations.

The first trial of drug focusing on activating immune response stopped as brain and meninges
inflammation happened in some recipients, and the trial on the inhibitor of y-secretase,
semagacestat, also failed due to the occurrence of skin cancer and the worsening cognition in
participants, because y-secretase also cut out other proteins [31]. Such cases are countless in the
development of AD drugs. It is very important to know that such cases are not merely happening to
the drug focusing on provoking the immune system but also happening to other anti-amyloid drugs
[32]. However, the explanation given by scientists suggests that the bad timing of giving drugs is
the culprit for such drug’s failure. It seems to be a potent justification since there is a long
preclinical stage for AD before the manifestation of pathological symptoms, and this pre-
manifestation period gives plenty of time for the process causing NFT and neuronal injury or death
[33]; therefore, the timing of receiving drug seems to be critical. Until 2022, still, no drug can be
able to completely cure this disease, which is a very strong evidence that opposes this false timing
explanation. If the timing is the reason for the failure, the subsequent trials should be able to avoid
the timing issue and succeed. Nevertheless, later trials are still failing, indicating that timing is not
the chief culprit for the failure. This phenomenon has persuaded many scientists that there must be
other reasons explaining the developmental failure of AD drugs. Some scientists believe that
although AP accumulation is in parallel with AD progression, it is not the primary pathogenesis,
and amyloid-centric therapies will fail continuously [34].

In addition to the position of AP in the pathogenesis of AD, its neurotoxicity has also been
challenged. It has already known that without the presence of tau protein pathology, imposing
amyloid pathology solely will not lead to dementia, which suggests that the neurotoxicity of Ap
depends on the pathological tau [30]. Other studies have demonstrated that some subjects with
abundant senile plaques and a large amyloid burden in the brain suffer from neither dementia nor
cognitive impairment [35, 36]. Such studies indicate that AP is not itself a substance that exerts
neurotoxicity solely, and might just be part of the normal aging process. Therefore, the focus of the
AD study starts shifting from amyloid to tau protein.

Many scientists begin to believe that tau is the major pathogenesis for AD; therefore, tau-
targeted drugs are in full development. The outcome, however, does not reach scientists’
anticipation, because there are still too many unsolved puzzles. It has been shown that neuronal loss
occurs before the existence of NFT [37]. Beyond that, just like AP, NFT presents anomalously
inside the brain of some subjects with normal cognitive ability [36]. Just like anti- amyloid drugs,
the development of anti-tau therapy keeps failing and discouraging people. For example, GSK-3p is
a protein kinase that promotes tau phosphorylation, which makes it to become a feasible target for
anti-tau therapy, hence, tideglusib was created based on this knowledge [38]. Tideglusib, a GSK-



3P inhibitor, however, did not show significant therapeutic efficacy in phase Il clinical trials [39].

Although the amyloid-related perspective and tau-related perspective are both being challenged,
the tau-related perspective is still considered as a better orientation to study and is still flourishing.
Maybe it’s because we have undergone so many failures in developing anti-amyloid drugs, and thus,
became disappointed. It is not clear which one is a better target to study. Just like what has been
mentioned previously, Ap will induce tau phosphorylation causing NFTs [27], and the neurotoxicity
of AP will not exist without the existence of pathological tau [30]. The pathogenesis of AD is still a
mystery, however, it is clear that the pathogenesis of AD is multifactor, indicating that merely
focusing on one or two perspectives does not reach the goal of understanding and curing the disease.
For example, many studies suggested that melatonin can effectively reduce the
hyperphosphorylation of tau protein, and can exert positive effects in protecting the cholinergic
system and in anti-inflammation [40]. The multifactor pathogenesis of AD indicates that the
amyloid protein and tau do play a role in the pathogenesis of AD, but not solely. It does not mean
that future studies and the development of drugs should ignore these two perspectives but means
that scientists should focus on multiple perspectives to study AD because past experiences have
taught us that focusing on one perspective to develop AD drugs will eventually fail. Although it
might be a hard road to explore, the payback will eventually come and the drug will be more
complete.

4. Conclusion

Alzheimer’s disease has been studied since the last century, and people have discovered two major
hallmarks for AD, senile plagues and NFTs. Ever since, most scientists start developing the
experiment and drugs around these two hallmarks. However, as more experiment, and more failures
of developing amyloid-targeted and tau-targeted drugs for curing AD, the pathogenesis of AD
formed a debate. Efforts made on curing AD with single target seem to be inadequeate based on the
past experiences. Meanwhile, many studies proposed that there are various factors causeing AP
deposites and tau protein phosphorylation. Therefore, the study focusing on multifactorial seems to
be a better option to take.
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