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Abstract

Alzheimer’s disease is a disorder in the brain that causes memory loss, which affects millions of people.
This study aimed to gain an understanding of how microglia can protect neurons while being involved in
the damage of Alzheimer’s. This was done through examining findings from peer-reviewed scientific
articles focusing on the behavior of microglia, genetic influences, and inflammatory responses in
Alzheimer’s disease. The primary finding of this research is that microglia can change their behavior as
Alzheimer’s develops. Instead of being protective, microglia can be overreactive and release chemicals
that lead to increased inflammation in the brain. This can contribute to Alzheimer's disease progressing
quickly. Results show that genetic factors impact how microglia respond to stress in the brain. Recent
studies suggest that when microglia discard unwanted proteins, they can be overwhelmed, which leads to
more harm than help for brain cells. These findings show that future treatments work better if they can
focus on the balance of the activity of microglia instead of only protein buildup. Understanding how to
control microglia could decrease Alzheimer’s disease and protect the brain. Future research could
explore ways to increase TREMZ2 and how microglia are involved in tau proteins.
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Introduction

Alzheimer's disease is one of the leading causes of dementia because it affects more than 55 million
people around the world. The disease worsens as people get older, with most people getting diagnosed at
the age of 65 or older." Even though there has been a lot of research on how to treat Alzheimer’s disease,
there has been no exact cure for it. Some solutions for preventing Alzheimer's disease focus on stopping
protein buildups in the brain, such as amyloid-beta plaques and tau tangles. Amyloid-beta plaques are
groups of protein that increase in mass between neurons, which interrupt cell communication and lead to
inflammation in the brain, whereas tau tangles are fibers made up of tau protein that accumulate in
neurons, which leads to the collapse of the internal transport system of cells inside the brain. Together,
tau tangles and amyloid beta plaque cause harm to brain cells, which can contribute to the memory loss
and cognitive decline related to Alzheimer’s disease." However, interventions targeting these protein
buildups have not been successful in halting the progression of Alzheimer’s disease. This gap highlights
the need to investigate other contributing factors beyond protein accumulation, specifically the role of the
brain’s immune system.

Microglia, the brain’s resident immune cells, have dual homeostatic (beneficial) and neurotoxic (harmful)
roles in either protecting neurons or contributing to their damage during Alzheimer’s disease. New studies
show that microglia play an active role in how Alzheimer’s disease develops. Usually, microglia help
improve the brain’s health by getting rid of waste and serving as protection for nerve cells in the brain.
However, in Alzheimer's, research states that microglia can be very active and release chemicals that
result in inflammation and the harm of neurons.? This brain inflammation, known as neuroinflammation, is
commonly referred to as the cause of Alzheimer’s. Nevertheless, scientists lack a full reason or cause for
how, when, or why microglia go from serving as a factor that supports the brain to something that tries to
destroy it.2



Recent research states that microglia could be important in curing Alzheimer’s disease. For instance,
studies of genes reveal that specific genes of microglia, like TREM2, are linked to an increased risk of
Alzheimer’s, implying that microglia could play a significant role in the disease.® Experiments that have
used treatment to control the activity of microglia, such as drugs that reduce inflammation to adjust the
immune system, have shown a decrease in neuroinflammation and significant destruction of amyloid beta
plagues, which are very convincing results.* Still, this suggests a requirement for advanced research that
targets the understanding of how the negative behaviors of microglia can be more regulated and diverted
to their protective functions during Alzheimer’s disease.

Although there have been many studies on Microglia's behavior, scientists do not have a thorough
understanding of microglia’s protective and harmful behaviors in Alzheimer's disease. Some research has
shown that microglia can show their protective behaviors by removing amyloid plaques. Meanwhile, other
studies have shown that if they stay active in our nervous system for a longer period of time, it causes
problems like inflammation and the destruction of neurons.® Because of these contrasting results from
these studies, creating effective treatments to cure Alzheimer's has been difficult for many scientists. This
amplifies the need for researchers to discover more knowledge on the conditions that make microglia
protect or destroy our brain cells.

This study provides significance as it shifts the focus from protein buildup in the brain to the role of the
brain’s immune response in the development of Alzheimer’s disease. This review synthesizes recent
clinical insights regarding the dual mechanisms of microglial activation, examining how these cells serve
as protection for neurons and also take part in neurodegeneration during Alzheimer's disease. The main
question focuses on how microglia alternates its role of being helpful to harmful and what research states
about regulating this process to reduce the chances of brain damage. By evaluating studies of microglia
in Alzheimer’s disease, this paper uncovers an in-depth understanding and view of how microglia can
support and cause damage to the brain. A deeper knowledge of these contrasting roles could lead to
innovative treatments aimed at reducing harmful inflammation while enhancing the protective functions of
microglia. Such research is crucial not only for advancing the search for a cure but also for improving the
quality of life for millions of people affected by Alzheimer’s disease worldwide.

Methodology

This research utilizes a narrative literature review design, which does not utilize any experiments. Instead,
it analyzes findings from other scientific articles to gain a deeper knowledge of the correlation between
microglia, brain inflammation, and the condition of Alzheimer's disease.

The knowledge from this data was gathered from valid scientific sources such as PubMed, Google
Scholar, ScienceDirect, and the Alzheimer’s Associated Research Library. A search that used keywords
such as ‘microglia,” ‘Alzheimer's disease,’” ‘neuroinflammation,” ‘amyloid,” ‘TREMZ2,” ‘microglial activation,’
and ‘neuroimmune response’ led to 67 articles. After discarding articles that were not about Alzheimer's
disease and the function of microglia, there were 34 articles that needed to be examined. These articles
were filtered based on factors like publication date, peer-review status, and relevance to the research
question for my paper. When the inclusion and exclusion criteria were used in the data collection process
of the 34 articles, 19 articles that were published from 2013 through 2025 were used to gather the
information required to compose this literature review.

To get valid information, specific inclusion and exclusion criteria were utilized during the collection of
articles for this study. The study included peer-reviewed research and review papers that were about the
findings of microglia’s association with Alzheimer's disease. It also contained studies targeting brain
inflammation, amyloid buildup, and methods to regulate and take advantage of microglial activities.
Articles published before 2013 were not utilized in this study because the goal of this study was to focus
on research that has been done more recently on Alzheimer's disease and microglial function. The
articles were also not peer-reviewed. Additionally, animal studies without a relationship to humans were
not utilized in this study and therefore were excluded.

Each article that was used in this study was diligently analyzed to obtain significant pieces of information
relating to the role microglia serve in Alzheimer’s disease. The findings were organized into several



distinct categories, such as the helpful role of microglia as well as their harmful role, and the genetic or
treatment factors that impact how microglia act in our body. The details from varying studies were
compared to see what scientists agreed on, where they might've disagreed, and what areas in this
particular study may require more research. After this process, the information was combined and
summarized to create a clear visualization and picture of how microglia impact Alzheimer’s disease and
how their regulation might serve as a way to protect brain cells.

By evaluating and merging findings from a variety of credible sources and articles, this research provides
an understanding of how microglia protect and harm the brain for those who have Alzheimer’s. It also
elaborates on how regulating the activity of microglia could potentially contribute to the reduction of brain
damage and the decrease of Alzheimer’s in the future. To make sure there was rigor in the synthesis
process, findings gathered from several studies were used for comparison by examining similarities and
differences among various research articles. More importance was shown to concepts or findings that
were common across similar studies. The information used in this study was also categorized through
discovering common themes, such as the process of how microglia are active, how genetic factors affect
microglia, and how inflammation is involved in the behavior of microglia. After this, similar ideas across
studies were combined to form one clear explanation regarding the study.

Results

Microglia in Alzheimer’s Disease

Alzheimer’s disease is a disorder that occurs in the brain, which leads to significant loss of memory,
confusion, and a change in an individual’s thinking. It's a contributing factor that causes dementia and
affects a wide range of older individuals between the ages of 75 and 85.° Scientists have found that a
certain brain cell called microglia plays a significant role in Alzheimer’s disease.” Microglia are the brain’s
main immune cells, which function to extract waste, protect brain tissue, and repair damage. However, if
microglia are not able to function correctly, they could harm brain cells.?

In another review, scientists have discovered and gathered information on how microglia significantly
contribute to Alzheimer’s disease. In their research, scientists have found that microglia can contribute to
the elimination of harmful amyloid-beta plaques in the early stages of Alzheimer's. Amyloid- beta plaques
harm the brain by interrupting the communication among neurons, causing inflammation, and killing
neurons. As a result, an increased mass of these plaques can create problems like memory loss and
cognitive decline in the brain, which is a characteristic of the side effects of Alzheimer’s disease.

However, in the late stages, they can be overactivated, which can cause them to release inflammatory
substances that harm neurons and increase cognitive decline in terms of memory loss, difficulty with
solving everyday problems, and impaired thinking.® The findings demonstrated microglia's contribution to
the protection and destruction of neurons, how genetic variations and inflammation can impact their
behavior, and how treatments could provide support regarding the regulation of microglial activity.

Even though there are studies that state that microglia play an important part in Alzheimer’s disease,
researchers do not seem to agree on whether they are beneficial or harmful to the development of
Alzheimer’s. Some studies suggest that microglia are beneficial by destroying amyloid beta plaques,
while other studies argue that microglia can lead to chronic inflammation, neuron damage, and a
significant decline in cognitive ability. The effects of microglia could be heavily dependent on factors like
disease stage, genetic background, and the brain’s local environment.

Microglia and Their Role In Alzheimer’s Disease

Microglia are immune cells found in the central nervous system of the human body. They function in the
extraction of dead cells and harmful bacteria to keep the brain healthy. In Alzheimer's disease, microglia
often get overactive. They release cytokines, which are chemicals that can hugely contribute to
inflammation. When microglia are active, this inflammation can repair neurons instead of protecting them.®



The main cause of microglial activity in Alzheimer's disease is the buildup of amyloid-beta plaques, which
are proteins that can accumulate between neurons. In a normal condition, microglia can help destroy the
amyloid beta plaques. But as they increase in value, microglia start to dysfunction and release toxic
inflammatory molecules in the immune system, such as tumor necrosis factor and interleukin, which can
contribute to the increase of destruction in brain tissue.

The large-scale effects of deadly molecules such as tumor necrosis factor, which is a cytokine molecule
that causes inflammation and cell death, and interleukin, which is a signaling molecule that takes control
over immune responses and is involved in inflammation, on the body are that they can cause the
formation of widespread inflammation throughout the body. They also interrupt cell signaling between
brain cells and lead to the destruction of cells, which can make tissue injury and disease progression
worse. As a result, they increase cognitive decline, memory loss, confusion, and impaired thinking in the
brain, which are all major components of Alzheimer’s disease.

Roles of Microglia in ALS
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Figure 1. Role of Microglia in ALS. This image shows the dual role of microglia in amyotrophic
lateral sclerosis, in which they serve as protection and cause damage to neurons. Similarly, in
Alzheimer’s disease, microglia start being beneficial by removing harmful substances and
supporting the development of neurons, but get overactivated, which causes inflammation and
the destruction of neurons. Adapted from: 10.3390/cells14060421

Genetic Factors Impacting the Function of Microglia

Two significant genes that contribute to the activity of microglia during Alzheimer’s disease are TREM2
and APOE. The TREM2 gene helps microglia recognize and pull out waste such as amyloid beta plaques.
When mutations that are believed to be triggered by a combination of genetic variation and age-related
cellular stress occur in TREM2, this signaling pathway is interrupted, and microglia function improperly in
the build-up of amyloid-beta plaques. As a result, they fail in the extraction of harmful materials and could
stay in their damaging, inflammatory condition.

The APOE gene also impacts the function of microglia. The APOE €4 variant is commonly known to raise
the risk of Alzheimer's disease by disrupting the brain’s ability to clear amyloid beta. APOE €4 changes
microglia’s regulation and removal of amyloid beta plaques, increasing inflammation and plaque buildup.
Both TREM 2 and APOE ¢4 reveal how genetic changes and alterations make microglia transition from
their protective to harmful role, as seen in Figure 1. These mutations associate genetic dysfunction with
the inflammation and synaptic loss that occur during Alzheimer’s disease."

Microglial Inflammation



Inflammation is our body's natural immune response to a specific injury or infection. In the brain, chronic
inflammation means immune activity could continue for longer periods of time. In Alzheimer’s disease,
microglia release inflammatory markers such as IL-6, IL-1B3, and TNF-a, which could contribute to the
destruction of closer neurons.®

This long-lasting inflammation continues because the amyloid beta plaques tend to stimulate the microglia
in the body. Instead of returning to its resting state, microglia stay in an active state known as the M1
state, which is associated with cell damage. During this stage, microglia release pro-inflammatory
cytokines and reactive oxygen species that try to disrupt normal neuron signaling and destroy nearby
neurons, resulting in cells losing their function and dying.

Meanwhile, the state opposite to M1 is M2, which is primarily protective and repairs tissue. When M1
activation occurs often, the brain tends to contain inflammation and tissue loss. However, the M2 state
does not completely repair the damage generated by the M1. It primarily restores its functional property
by decreasing inflammation and assisting in the regeneration of tissue, more commonly in non-harmful
stages of damage.
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Figure 2. Microglia as the Critical Regulators of Neuroprotection and Functional Recovery in
Cerebral Ischemia. This image shows that after a stroke occurs, microglia can cause damage to
the brain by creating inflammation (M1) or protect the brain by lowering inflammation (M2).
Similarly, in Alzheimer’s disease, the balance between the protective and harmful states of
microglia can influence the progression of Alzheimer’s and how long neuronal damage can last.
Adapted from: 10.1007/s10571-021-01145-9

Therapeutic Strategies To Control Microglia

Scientists are currently focusing on the development of treatments to help microglia transition back to
their protectiveness during Alzheimer’'s disease. Some therapies have been tested in animals, while
others have come to clinical trials. One therapeutic strategy to target this issue targets TREM2 activation,
which contributes to microglia’s imprint in their ability to clear amyloid beta. In one study, treatment with
TREM2-targeting antibodies raised the removal of amyloid and decreased the inflammation in mice.'
Another method uses anti-inflammatory drugs, which are medications designed to decrease the activity of
microglia to prevent damage to neurons.®

Gene therapy is also being studied to fix genes like TREM2 or APOE ¢4, which help bring back the
function of microglia. Although scientists believe fixing these genes can decrease harmful inflammation
and raise plaque clearance, recent studies from 2022 and 2024 reveal that while early findings from some
studies are valid, there is still a need for stronger evidence to confirm the long-term safety and



effectiveness of TREM2-targeting therapies utilized to cure Alzheimer's disease in human beings. This
therapy is not commonly used in people because its effects have only been shown through animals.
Scientists are currently trying to ensure that it is safe and effective for humans without having harmful
results. They need to discover the best dosage and determine the longevity of the treatment. Even though
there is no proof of the success of TREM2-targeting therapy in humans, it is very important since it can
help target microglia. As seen in Figure 2, therapies that affect microglia’s activity can help microglia
transition to their protective functions and move less towards their harmful inflammatory responses.
Studying more about this therapy can guide scientists in learning the effect of microglia in Alzheimer’s and
lead to treatments that cure Alzheimer’s in the future.™

Microglia and Synaptic Loss

Synapses are locations where communication occurs between neurons in the brain. Microglia help extract
unnecessary synapses during the development of the brain. In Alzheimer’s, however, this process tends
to be overactive. When the microglia do the excessive pruning of synapses, which can be triggered by a
few proteins such as C1q and C3, it leads to a decrease in healthy synapses and cognitive decline. When
complement proteins are overactivated, they destroy a lot of synapses. A possible solution to this is
complement inhibition, which blocks C1q or C3 activity to serve as an important protective barrier for
neural connections. Understanding this mechanism helps researchers design therapies to suppress
memory loss and keep brain communication.

Additionally, scientists have found that synaptic loss occurs before a significant number of brain cells die.
This suggests that the destruction of synapses could be an early sign of Alzheimer’s disease. When
people lose synapses, they struggle to memorize information, learn common concepts, and have difficulty
in problem-solving. Healthy synapses are essential to the human body since they allow information to
travel efficiently through the brain. Researchers hope to protect synapses through methods like blocking
C1q and C3, which inform microglia to damage synapses, and decreasing inflammation, which can
prevent the overactivation of microglia and damage between neurons.' According to researchers,
protecting synapses earlier can help them decrease the progression of Alzheimer’s disease and help
patients maintain memory and thinking skills for a longer period of time.

Microglial Metabolism and Energy Pathways

Microglia depend on the metabolic pathways glycolysis and oxidative phosphorylation to generate energy.
Glycolysis is a process that decomposes glucose to produce minute amounts of energy, while oxidative
phosphorylation takes place in the mitochondria and releases enormous amounts of energy, which are
needed for the long-term function of the cell. In Alzheimer’s disease, these pathways can be interrupted,
which could lead to a potential decline in the performance of microglia.® When the formation of energy
decreases, microglia improperly clear water and regulate inflammation. Researchers are currently
investigating drugs that function to target metabolism, like AMPK activators, to bring back and renew the
function and energy of microglia.

Scientists have also discovered that unhealthy mitochondria cause microglia to become worse and less
effective.’® Mitochondria are essential to the human body because they function like power plants within
our cells and provide the energy needed for certain neurological activities. If mitochondria stop working,
microglia may release inflammatory chemicals, which can damage neurons. This can cause a huge
increase in brain inflammation and make Alzheimer’s disease happen more commonly. Scientists suggest
that improving the metabolism of microglia and the protection of mitochondria can allow brain cells to be
healthier and prevent memory decline in people who have Alzheimer's disease. '

Microglia and the Blood-Brain Barrier

The blood-brain barrier serves as a protective layer for the brain from harmful chemicals in the blood.
Microglia help protect this barrier by their communication with endothelial cells through cytokines and
growth factors. In Alzheimer’s disease, when microglia become overactive, it can make the blood-brain
barrier weaker, and it may allow toxic materials and chemicals to enter the brain."® Recent research



reveals that the regulation of the activation of microglia can reduce the leakage of the blood-brain barrier
and serve to protect neurons.' This points to the dual impact of microglia, which can support the barrier
strength or help it break down depending on their state.

Another essential finding is that blood-brain barrier destruction can occur very early during Alzheimer’s
disease, even before significant memory loss starts to occur in an individual.’® When the barrier starts to
gradually weaken, it allows inflammation and harmful substances to spread throughout the inner brain.'
This increases the activation of microglia, which, as a result, can increase inflammation and damage in
neurological activities. Since this could occur, scientists are currently studying methods and treatments
that could cause a significant decline in inflammation and stabilize the blood-brain barrier.'® The ultimate
goal scientists are trying to achieve, which could be one way of stopping the progression of Alzheimer’s
disease, is to make the brain’s blood-brain barrier as strong as possible so that less harmful substances
can penetrate through it and cause neurological damage.

Microglia and Aging

Microglial priming occurs as humans get older, wherein microglia can be more sensitive and slower to
respond. Primed microglia can be involved in the production of more inflammatory molecules and less in
the extraction of amyloid-beta. Aging can also contribute to an overall rise in oxidative stress and the
decline of the mitochondria, which can reduce the energy and defensive mechanisms of microglia.®
Scientists are studying to reverse microglial priming. Some evidence from studies in aging and
neurodegeneration research states that antioxidants provide support for mitochondrial health through the
reduction of oxidative stress.'® Mitochondrial-supporting drugs help facilitate energy creation and fix
broken mitochondria, while the AMPK activators restore energy balance by creating cellular energy
regulation pathways. Together, the actions of these drug types do help prevent inflammation and support
microglia by returning them to their normal function in older people.

Additionally, aging-related microglial changes are not completely permanent."”” According to studies, it
suggests that when there is a major decrease in inflammation and oxidative stress, microglia return to
their normal state, which is that they function to be more protective and less harmful.'® This is essential
since it implies that treatments that are trying to help microglia could still be useful. Researchers think that
improving the applications of cell energy and decreasing inflammation could slow the aging process of the
brain and prevent it from having problems with thinking and memory issues in older individuals. 3

Discussion

After reviewing twenty-one articles containing microglia and Alzheimer's disease, several patterns were
identified. Microglia, which are the immune cells of the brain, have two main roles. They function in the
protection of the brain by pulling out harmful amyloid-beta plaques, but if they become overactive for
longer periods of time, they could potentially release chemicals that contribute to inflammation and the
damage of neurons. This dual behavior of microglia reveals that microglia are not mere cells that offer
benefit in cleaning up cell waste, but they are active players that serve a significant role in the
development of Alzheimer’s disease.

The major focus of the studies was on a receptor on microglia known as TREM2. TREM2 helps microglia
in the removal of amyloid-beta and the protection of neurons. When TREM2 becomes weak or missing,
the removal of plaque slows down, and neuron loss starts to accelerate. These findings support studies
that state TREM2 as an influential regulator that determines whether microglia try to support or cause
harm to the brain.

Chronic inflammation that results from the presence of overactive microglia is also linked to memory loss
in Alzheimer's disease. This aligns with studies that show that balancing the activity of microglia can help
microglia protect neurons from overreacting and may also slow the progression of disease. These
discoveries imply that therapies that focus on improving microglial activity could be an important strategy
in combination with current treatments that target amyloid-beta to improve microglial condition in
Alzheimer's disease.



In essence, microglia are influential components of Alzheimer's disease. They can serve to protect the
brain by clearing harmful materials, but when they turn overactive, they can be involved in the creation of
inflammation, destruction of synapses, and damage to neurons. Genetic factors such as TREM2, APOE
€4 mutations, chronic inflammation, and aging can be involved in the harmful transition of microglia.
Gaining knowledge of these factors gives scientists methods to restore the balance of microglia. Future
research should continue to explore treatments and effective methods to control microglial activity, fix
genetic pathways, and provide strength for brain protection against Alzheimer’s disease.

Conclusion

Microglia have a huge central and complex role in the progression of Alzheimer’s since they protect and
damage the brain. Their dual role indicates how important understanding the way microglia change during
Alzheimer’s is. It also suggests that treatments need to focus more on controlling microglia’s activity
instead of targeting the removal of amyloid-beta plaques or tau proteins. Through understanding the role
of microglia, researchers can discover therapies that target the processes involved in the progression of
Alzheimer’s. The dual role of microglia suggests why treatments that try to only destroy amyloid-beta and
tau proteins have not been efficient at preventing Alzheimer’s disease and contributing to its decline,
since they do not completely address the brain’s immune response.'®

Microglia's change between its harmful and protective roles is impacted by genetic and molecular factors
through genes like TREM2, which helps control microglia’s activation and immune response. Disruptions
in these pathways determine whether microglia are always protective or always cause harm to the brain
over time. Therefore, getting a good understanding of how and when microglia alternates its role is very
important for knowing how Alzheimer's progresses beyond only the buildup of proteins. Aiming to improve
microglial regulation and inflammation provides a suggestion for future therapies, especially if the
therapies can improve their protective functions while also trying to decrease their limiting chronic
inflammatory activities. More research into TREM2 signaling, disease-stage differences, and interactions
with tau pathology can help scientists find sufficient treatment strategies that try to target the damage of
neurons and dysfunction of the immune system during Alzheimer’s disease.

Understanding and solving the problem of regulating microglia’s behavior could have a significant effect
on laboratory research by increasing the rate of success of Alzheimer’s clinical trials. If researchers have
better control over the behavior and activity of microglia, future treatments could be very effective in
slowing the progression of Alzheimer’s disease in humans, which can lead to better cognitive outcomes, a
decrease in healthcare burden, and long-term methods and strategies for curing Alzheimer's in millions of
people worldwide. This could not just make microglia a biological focus but also an important component
in improving treatments that target Alzheimer’s around the world.
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