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Abstract. As the prevalence of Alzheimer's disease continues to rise globally, increasing
numbers of researchers have explored methodologies for effective clinical treatment. The
purpose of this literature review is to synthesize findings pertaining to the crucial aspects of
Alzheimer's disease (AD) pathogenesis and treatment. The first part will introduce the different
mechanisms of pathogenesis in Late-Onset Alzheimer’s Disease (LOAD) and will discuss the
complex correlation between the genetic factor and the environmental factor causing AD. For
the second section, this literature review will discuss the effectiveness of biotechnologies in
preventing, detecting, and curing Alzheimer’s disease. Novel neuroimaging and fluid biomarker-
based diagnostic techniques are permitting earlier disease detection than prior techniques
allowed. Meanwhile, stem cell-based and other novel therapeutic strategies show preliminary
evidence of possibly halting or even reversing neurodegeneration. Naturally, more robust clinical
trials are still warranted to fully validate the safety and efficacy endpoints for these emerging
interventions. Ongoing interdisciplinary collaboration remains essential to ultimately realizing
this goal of enhancing the clinical management of Alzheimer's patients worldwide.
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1. Introduction

Alzheimer’s disease (AD) is one of the most devastating diseases globally. According to statistics from
the World Health Organization, AD is currently affecting 55 million people, and it is expected to have
an increase of 10 million patients annually [1]. It is characterized by a gradual decline of cognitive
functions, memory impairment, and changes in behavior. Research shows that there will be different
degrees of shrinkage in the cortex and hippocampus; deposits of amyloid plaque and interneuron tau
fibrillary tangles are present in the brains of patients [2]. While the precise pathogenesis of Alzheimer's
disease is not fully understood, studies have shown that it is aroused by various interplays between
genetics, ageing, environmental, and lifestyle factors. In this literature review, research on the current
state of knowledge on the relationship between AD and genetics will be discussed. The biotechnology
strategies to identify AD, cure AD, and help AD patients in rehabilitation will also be identified. The
paper also aims at researching improvements in looking for a way to completely cure AD. In the long
term, it would potentially be a guide for the caregivers to ease their pressure. By understanding the
influence of the disease, it brings great social significance and arouses the attention of public health.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. Genetics of late-onset Alzheimer's disease

Late-onset Alzheimer's disease (LOAD) is the most common form of AD; around 90-95% of AD
patients are affected by LOAD, and it usually develops after the age of 65 and affects individuals over
the age of 60 [3]. It is not caused by specific genetic mutations but rather by the interplay between
genetic, environmental, and lifestyle factors [4]. However, it is believed that genetic factors play the
most important role in LOAD.

The most significant genetic factor of LOAD is the apolipoprotein E €4 allele (APOE &4), which
usually affects approximately 25-30% of AD patients. [3] The APOE &4 allele is found to be associated
with an increased risk of AD. Research found that the APOE &4 allele causes a decline in cognitive
ability, which is the main reason for the increased risk of dementia in older people. The significance of
the APOE &4 allele in the genetic influence of AD is remarkable; research suggests that the APOE &4
allele accelerates the accumulation and deposit of Amyloid-beta (AB) in the brain, directly resulting in
AD [5].

In cognitively normal older
adults without subjective
memory decline

In cognitively normal older
adults with subjective
memory decline

Figure 1. Brain Areas with more amyloid APOE &4 carriers than those without an APOE &4 allele [6]

A study led by investigators from Indiana University suggests that the genetic variant APOE &4 as
shown in figure 1, which is considered a major component of causing Alzheimer's disease, may promote
the development of amyloid plaques in the brain before any measurable symptoms of the disease can be
detected. The research focused on individuals who exhibited significant memory loss with normal
cognitive abilities during testing. The scientists discovered evidence of Alzheimer's disease-related
pathologies in individuals carrying the APOE &4 gene variant. These also indicated that elevated levels
of amyloid plaque and tau protein and reduced levels of the protein precursor to the plaques are linked
to Alzheimer's disease. The study provides a foundation for further research among patients at risk of
Alzheimer's long before the disease is diagnosed [6].

2.1. Mechanisms of the Development of Alzheimer’s Disease

The mechanisms by which genetic risk factors may contribute to the development of AD are not fully
understood. However, two mechanisms have been discovered and deeply researched: the accumulation
of amyloid beta and the accumulation of tau protein.

2.1.1. Accumulation of Amyloid Beta Polypeptide
The mechanism of accumulation of amyloid beta is mainly due to aging, the ability of the human body
to degrade AP has decreased, causing the accumulation of amyloid beta in the brain. The mechanism of
accumulation of amyloid beta is mainly due to aging; the ability of the human body to degrade AP has
decreased, causing the accumulation of amyloid beta in the brain. In addition, research also supports the
idea that the APOE ¢4 protein aggregates with AP when associated with lipid [7]. Through this finding,
it is believed that the cause of Late-Onset Alzheimer’s Disease (LOAD) is partially related to amyloid
beta accumulation.

There are different theories explaining the mechanism of the accumulation of amyloid beta. One
theory is that amyloid beta deposits form plaques in the brain. Since amyloid beta has a glutinous
characteristic in nature, when the APOE &4 protein is cut, amyloid beta accumulates and forms plaques,
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which disrupt normal cellular communication and cause inflammation by activating the cellular immune
response [8].

This leads to the death of brain cells, causing memory loss and other symptoms of Alzheimer's
disease. Another theory is that amyloid beta influences the metabolism of brain cells, leading to
oxidative stress and energy failure. This can cause apoptosis of brain cells, leading to memory loss and
other Alzheimer's disease symptoms.

2.1.2. Accumulation of Tau Protein

The accumulation of tau protein in the brain area is also significant in the development of AD. Through
the observation of tau protein accumulation in the brain, it is confirmed that AD strongly associates with
the formation of neurofibrillary tangles.

Tau protein is a structural protein found in the brain that helps to maintain the shape and stability of
nerve cell processes. In the brain of AD patients, tau protein forms neurofibrillary tangle clumps. These
tangles interfere with the normal functioning of nerve cells, being detrimental to the nerve cells and
causing brain shrinkage [9,10].

Research supports the idea that the abnormal tau protein disrupts the normal transportation of
nutrients and other essential molecules within nerve cells. As shown in figures 2 and 3, this results in
the death of nerve cells and contributes to the neurodegeneration seen in Alzheimer's disease.
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Figure 3. Accumulation of Tau Deposition causing the loss of cortical gray matter [9,10]
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2.2. Interaction between Genetics and Environmental Factors

The cause of AD is not merely a genetic disorder; it consists of a complex interplay between genetic
factors and environmental factors [11] [12]. Several studies show that there are several environmental
factors associated with an increased risk of Alzheimer's disease, such as exposure to toxins, the intake
of nicotine, and the misuse of caffeine [12] [13]. In addition, lifestyle factors, such as the habit of doing
sports and the style of diet, may also influence the genetic risk factors for AD [13]. For example, working
out regularly is often associated with a reduced risk of AD, even in individuals who carry the APOE &4
allele. In terms of diet, a Mediterranean-style diet, which is rich in dietary fibre and protein, is considered
to be associated with a reduced risk of AD.

3. Biotechnology

The formation of AD is complex and effective treatments are still elusive. However, the invention of
new techniques in the biotechnology field has the potential to revolutionize our understanding of the
disease and inspire effective treatments.

3.1. Genetic Research

The improvement of biotechnology has accelerated the development of new treatments for AD. The use
of genetic research has the potential to improve the accuracy of early stages AD diagnostics. This early
diagnosis will allow for earlier initiation of treatment, which may slow or prevent the progression of the
disease. Research done in 2011 has revealed that Late-Onset AD is related to the various genetic
variations, using sophisticated biotechnology techniques [13]. With the collaboration of the Alzheimer
Disease Genetics Consortium (ADGC), the research group has successfully identified one of the
pathogeneses of AD. Based on these research results, and a combination of techniques of genetic
research, it is also possible to manufacture personalized medicine for therapeutic use and health care.

3.2. Biomarker

Biotechnology has also enabled the development of biomarkers for AD. Biomarkers are biological
measures that can be used to diagnose or predict the risk of developing a disease. In the case of AD,
biomarkers may include measures of amyloid beta and tau protein levels in the brain, as well as measures
of inflammation and oxidative stress.

Take tau protein as an example; research performed in 2016 has experimented with the feasibility of
using plasma tau protein as a biomarker of AD, as a result, part of the plasma tau protein reflects the
pathogenesis of AD [14]. However, the similarity between normal aged tau protein and AD-affected
protein is very high. Under this circumstance, the biomarker is not clear and the directivity is low, so it
cannot be used as a biomarker [14]. In contrast, several anti-amyloid monoclonal antibodies were
developed and approved by the US food and Drug Association for the effective treatment of AD, such
as Lecanemab and donanemab [15]. Studies showed that after getting monoclonal antibody treatment,
many early-stage AD patients responded with a decrease in the speed of cognitive decline.

Additionally, a recent study in 2024 done by HKUST showed great improvement of biomarker
development in detecting early-stage AD. Through this study, a new blood-based biomarker was
developed with 21 proteins related to different pathological pathways. Corresponding machine-learning
systems were developed to accurately evaluate the condition of AD and mild cognitive impairment
patients [15]. This development of the system improved the effectiveness of the diagnosis of AD and,
at the same time, ensured the safety of the patients. By using this examination system, more early-stage
patients will be screened, and early treatment and prevention can be done to slow down the cognitive
decline.

3.3. Therapeutic Approaches

Biotechnology has also facilitated the advancement of curative strategies for AD. Traditional treatments
will be the monoclonal antibody treatment targeting amyloid beta, which has shown a reduction in the
accumulation of this toxic peptide in the brain [16]. Novel therapeutic approaches also emerge, such as
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the use of gene therapy and stem cell therapy to repair or replace damaged cells in the brain to rehabilitate
cognitive function.

While the development of new therapeutic approaches holds promise for advancing AD treatment
and providing hope to those living with the condition, it is important to acknowledge that these
approaches remain novel and their clinical potential is still under study. Inventions and investigations
into therapeutic treatments demonstrate promising signs; however, many clinical trials are still needed
before their risks and benefits are fully characterized. Continued research and clinical trials will be a
crucial guide for the refinement of novel therapies, especially examining the safety and effectiveness of
the therapy.

By 2021, stem cell therapy for Alzheimer's disease is still in the experimental phase; its positive and
negative effects have not been fully determined. However, studies have shown that stem cell therapy
has the potential to rehabilitate cognitive function and reduce symptoms in AD patients. A study
conducted in 2016 examined the potential of human umbilical cord mesenchymal stem cells (hUC-
MSCs) as a therapeutic approach for Alzheimer's disease [16]. Researchers transplanted hUC-MSCs
onto mice with AD and observed some positive results. Specifically, the stem cells appeared effective
at preserving cognitive function in the mice over time.

Upon further analysis, the research team found the implementation of hUC-MSCs helped reduce
oxidative stress levels in the hippocampus region of the brain, which is particularly vulnerable to damage
in AD. Signs of this included decreased malondialdehyde and increased nitric oxide, superoxide
dismutase and neuronal nitric oxide synthase activity. What's more, the stem cells showed potential for
promoting neurogenesis, that is the growth of new neurons [16].

If the test on mice also validates during the clinical trials, the stem cells could provide an authentic
treatment by addressing the molecular changes in the underlying genetic translation process. Of course,
much remains to be investigated before determining safety and efficacy for AD patients. However, the
study offers encouraging early signals of hUC-MSCs' therapeutic promise. More research in this area
will be important to fully characterise their potential for helping Alzheimer's patients.

4. Conclusion

In conclusion, the relationship between AD and genetics is complex. Several genetic risk factors have
been identified for AD, including the most significant APOE &4 allele and other genes. However, the
presence of hereditary risk factors does not guarantee the development of AD. The impact of genetic
risk factors for AD may also be influenced by environmental factors such as eating habits and lifestyle
choices. More studies are needed to better understand the interaction between genetics and the
environment. Advances in biotechnology have enhanced the understanding of the genetic factor behind
AD, and it is encouraging to observe that the development of treatments for AD has been emerging.
Although there are still many technological difficulties in treatment development that remain unsolved,
the understanding of the underlying mechanism and pathogenesis has greatly encouraged the
enhancement of techniques, and many possibilities have been found. The more AD is studied, the more
biological antibody treatments are able to be discovered and different biomarkers are able to be
developed. In addition, the potential of stem cell therapy on AD treatment has been continuously
researched, and it would be more optimistic that more experiments could be done before the clinical
trial in order to understand the mechanism and the potential negative impact it might bring. These
advances have the potential to revolutionise our understanding of AD and lead to the development of
new and effective treatments.
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