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Abstract

outcomes for affected individuals.

Alzheimer’s Disease (AD) is a neurodegenerative disorder characterized by progressive cognitive decline, memory
impairment, and behavioral changes. Recent research highlights the role of neuroinflammation in AD progression.
Inflammation in the brain, driven by glial cells, has been implicated in the initiation and exacerbation of AD pathology.
Activated microglia and astrocytes release pro-inflammatory cytokines, which may exacerbate neuronal damage,
synaptic dysfunction, and contribute to the deposition of amyloid-beta plagues and tau tangles, hallmarks of AD.
This review examines the molecular mechanisms underlying neuroinflammation in AD, including the activation of
inflammatory pathways such as the NF-kB and JAK/STAT pathways, and how they influence disease progression.
Additionally, we explore potential therapeutic targets aimed at modulating neuroinflammation to slow AD progression.
The therapeutic strategies discussed include anti-inflammatory agents, immune modulation, and nanomedicine
approaches. Addressing neuroinflammation could provide new opportunities for AD treatment and potentially improve
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Introduction

Alzheimer’s disease (AD) is the most prevalent form of dementia,
characterized by progressive cognitive decline, memory loss, and
behavioral disturbances. The pathophysiology of AD involves complex
interactions between genetic, environmental, and pathological factors,
with neuroinflammation emerging as a central player in disease
progression. Neuroinflammation is characterized by the activation
of glial cells, including microglia and astrocytes, which are critical
in maintaining homeostasis within the brain. In the context of AD,
these cells become chronically activated, leading to the release of pro-
inflammatory cytokines, chemokines, and other neurotoxic factors
that contribute to neuronal damage and dysfunction. The role of
neuroinflammation in AD has gained increasing attention in recent
years, as it is thought to influence key pathological features of the
disease, including the accumulation of amyloid-beta plaques and tau
tangles. These features are considered the pathological hallmarks of AD
and are believed to play a significant role in the cognitive and functional
decline observed in patients. In particular, the activation of microglia
around amyloid plaques may amplify the neuroinflammatory response,
exacerbating neuronal injury and synaptic dysfunction [1-4].

Several molecular signaling pathways are implicated in
neuroinflammation within AD, such as the NF-kB, JAK/STAT,
and NLRP3 inflammasome pathways. These pathways regulate the
expression of inflammatory mediators that promote neurodegeneration.
Understanding the mechanisms of neuroinflammation in AD provides
valuable insights into potential therapeutic targets. Modulating these
inflammatory responses offers a promising avenue for the development
of novel treatments aimed at slowing or halting the progression of
AD. While a wealth of data suggests neuroinflammation is pivotal in
AD pathogenesis, clinical interventions targeting neuroinflammation
are still in the experimental stages. Exploring the impact of anti-
inflammatory treatments, immune modulation, and other novel
therapeutic strategies is crucial for providing a more comprehensive
understanding of how neuroinflammation influences AD progression
and offers therapeutic potential [5,6].

Method

In this study, we conducted a comprehensive review of existing
literature on the role of neuroinflammation in Alzheimer’s Disease (AD)
progression. The primary sources were peer-reviewed articles, clinical
studies, and recent meta-analyses focusing on neuroinflammation,
microglia activation, astrocyte response, and inflammatory signaling
pathways. We utilized databases such as PubMed, Scopus, and Google
Scholar for article selection, limiting our search to publications from
2010 to 2024 to ensure the inclusion of the most up-to-date research.
To assess the mechanisms of neuroinflammation in AD, we focused
on key cellular and molecular components, including microglial
activation, astrocyte involvement, amyloid-beta and tau interactions,
and inflammatory pathways like NF-kB, JAK/STAT, and NLRP3
inflammasome. We analyzed studies that used animal models, human
brain tissue, and in vitro cellular models to investigate the relationship
between neuroinflammation and the progression of AD [7]. For the
therapeutic aspects, we examined clinical trials, preclinical studies, and
experimental therapies targeting neuroinflammatory pathways. Special
attention was given to novel strategies such as immune modulation,
the use of nonsteroidal anti-inflammatory drugs (NSAIDs), and
the application of nanomedicine in reducing neuroinflammation.
Additionally, we employed a comparative analysis to identify the
efficacy and safety of these therapeutic approaches, considering both
the potential benefits and the challenges faced in translating findings
from animal models to human clinical settings. The findings from
this review were synthesized to provide an overview of the current

*Corresponding author: Marco Soy, Department of Psychiatry, Weill Cornell
Medical College, New York, U.S.A, E-mail: soymarco08090@gmail.com

Received: 1-Jan-2025, Manuscript No: dementia-25-160888, Editor assigned: 04-
Jan-2025, PreQC No: dementia-25-160888 (PQ), Reviewed: 20-Jan-2025, QC No:
dementia-25-160888, Revised: 25-Jan-2025, Manuscript No: dementia-25-160888
(R), Published: 30-Jan-2025, DOI: 10.4172/dementia.1000261

Citation: Marco S (2025) The Role of Neuroinflammation in Alzheimer’s Disease
Progression: Mechanisms and Therapeutic Targets J Dement 9: 261.

Copyright: © 2025 Marco S. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Dement, an open access journal

Volume 9 « Issue 1+ 1000261



Citation: Marco S (2025) The Role of Neuroinflammation in Alzheimer’s Disease Progression: Mechanisms and Therapeutic Targets J Dement 9: 261.

Page 2 of 2

understanding of neuroinflammation in AD and to propose potential
therapeutic strategies.

Results

Our review of the literature highlights several key findings
regarding the role of neuroinflammation in Alzheimer’s Disease (AD)
progression. First, microglial activation appears to be a crucial step
in the neuroinflammatory response, where microglia are recruited
to amyloid-beta plaques in the brain. This activation results in the
release of pro-inflammatory cytokines and other neurotoxic factors,
such as reactive oxygen species (ROS), which contribute to neuronal
damage and synaptic dysfunction. Moreover, the sustained activation
of microglia has been linked to the progressive deposition of amyloid
plaques and the development of tau tangles, both of which are hallmarks
of AD. Astrocytes, another type of glial cell, also play an important role
in neuroinflammation. Their response to amyloid-beta accumulation
involves the release of inflammatory mediators, further amplifying the
neuroinflammatory environment. Studies have shown that chronic
activation of astrocytes can exacerbate neuronal injury and synaptic
loss. Additionally, key inflammatory signaling pathways, such as NF-kB,
JAK/STAT, and the NLRP3 inflammasome, were identified as central
to neuroinflammation in AD. These pathways regulate the production
of cytokines and other molecules that promote inflammation and
neurodegeneration. Evidence from animal models and human studies
indicates that modulating these pathways may help to mitigate the
inflammatory response and slow the progression of AD. In terms of
therapeutic approaches, several strategies targeting neuroinflammation
have shown promise. These include the use of anti-inflammatory drugs,
immune modulators, and nanomedicine-based therapies, which aim to
reduce inflammation and improve brain function in AD patients.

Discussion

The findings from our review underline the complex interplay
between neuroinflammation and Alzheimer’s Disease (AD)
progression. Neuroinflammation, particularly the chronic activation
of microglia and astrocytes, appears to play a central role in the
pathophysiology of AD. The activation of microglial cells around
amyloid-beta plaques is thought to initiate and perpetuate the
inflammatory cascade, releasing pro-inflammatory cytokines, ROS,
and other toxic mediators that contribute to neuronal damage. This
chronic inflammation may not only drive the deposition of amyloid
plaques and tau tangles but also impair synaptic function, ultimately
leading to the cognitive decline characteristic of AD. Astrocytes,
although traditionally considered supportive cells, also contribute
significantly to neuroinflammation in AD. Their activation in response
to amyloid-beta further exacerbates the inflammatory response,
creating a vicious cycle of neurodegeneration. Importantly, the NLRP3
inflammasome and signaling pathways like NF-kB and JAK/STAT are
critical regulators of this inflammatory environment, suggesting that
targeting these pathways could offer therapeutic potential. Current
therapeutic strategies aimed at modulating neuroinflammation are still
in the experimental stages. While some nonsteroidal anti-inflammatory
drugs (NSAIDs) have been tested, their clinical efficacy has been

inconsistent. Emerging strategies, including immune modulation and
nanomedicine-based therapies, show promise in preclinical studies,
but translating these findings into effective clinical treatments remains
a challenge. Nonetheless, the potential to slow or halt the progression
of AD by targeting neuroinflammation represents an exciting avenue
for future research [8]. In conclusion, a deeper understanding of
neuroinflammation in AD could lead to novel treatments, improving
outcomes and quality of life for patients.

Conclusion

In conclusion, neuroinflammation plays a pivotal role in the
progression of Alzheimer’s disease (AD) by exacerbating neuronal
damage and synaptic dysfunction. The activation of microglia and
astrocytes around amyloid-beta plaques and tau tangles initiates a
cascade of inflammatory responses that promote neurodegeneration.
Key inflammatory pathways, including NF-kB, JAK/STAT, and NLRP3
inflammasome, regulate the release of pro-inflammatory cytokines,
further accelerating disease progression. Understanding these
mechanisms opens up potential therapeutic targets for modifying the
inflammatory response. Therapeutic strategies aimed at modulating
neuroinflammation have shown promise in preclinical models,
with the use of anti-inflammatory drugs, immune modulators, and
nanomedicine-based approaches showing potential for slowing or
halting disease progression. However, translating these findings into
effective clinical treatments remains a challenge. Despite these hurdles,
targeting neuroinflammation presents a novel and exciting avenue
for AD treatment. Future research should continue to explore the
molecular mechanisms of neuroinflammation and develop targeted
therapies to address this aspect of AD, ultimately improving the lives of
patients affected by this devastating disease.
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