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Abstract
Neurodegenerative diseases, including Alzheimer’s disease (AD), Parkinson’s disease (PD), and amyotrophic 

lateral sclerosis (ALS), are characterized by progressive neuronal dysfunction and loss. While the specific pathological 
hallmarks vary between these diseases, chronic neuroinflammation, mediated by complex cytokine networks, is a 
common underlying feature. This review examines the multifaceted roles of cytokine networks in the pathogenesis of 
these neurodegenerative conditions, exploring their implications for disease progression and therapeutic intervention.   
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Introduction
Neurodegenerative diseases pose a signi�cant global health 

burden, a�ecting millions worldwide. �ese debilitating conditions are 
characterized by the progressive loss of speci�c neuronal populations, 
leading to a range of neurological de�cits. While the precise etiology 
of each disease varies, a common thread linking them is the presence 
of chronic neuroin�ammation [1]. Cytokines, small signaling proteins 
that mediate intercellular communication, play a crucial role in 
orchestrating this in�ammatory response. �ese molecules form 
complex networks, interacting synergistically or antagonistically to 
modulate immune cell activity and in�uence neuronal function. �is 
review explores the multifaceted roles of cytokine networks in the 
pathogenesis of three major neurodegenerative diseases: Alzheimer’s 
disease (AD), Parkinson’s disease (PD), and amyotrophic lateral 
sclerosis (ALS), discussing their implications for disease progression 
and potential therapeutic strategies .   

Results
Cytokines exert diverse e�ects within the CNS, in�uencing both 

neuronal survival and death. Pro-in�ammatory cytokines, such as 
tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), 
and interleukin-6 (IL-6), are typically associated with neurotoxicity. 
�ese cytokines can activate microglia, the resident immune cells of 
the brain, leading to the sustained release of further pro-in�ammatory 
mediators, creating a self-perpetuating cycle of in�ammation. �ey can 
also directly induce neuronal apoptosis or necrosis through various 
mechanisms, including activation of death receptors and induction of 
oxidative stress. In AD, elevated levels of pro-in�ammatory cytokines, 
including TNF-α, IL-1β, and IL-6, have been detected in the brain and 
cerebrospinal �uid (CSF) of patients. �ese cytokines are implicated 
in the formation of amyloid-β (Aβ) plaques and neuro�brillary 
tangles (NFTs), the pathological hallmarks of AD, and contribute 
to synaptic dysfunction and neuronal loss. In PD, pro-in�ammatory 
cytokines, such as TNF-α and IL-1β, are implicated in the degeneration 
of dopaminergic neurons in the substantia nigra, the brain region 
primarily a�ected in this disease [2]. �ese cytokines can activate 
microglia and promote oxidative stress, contributing to neuronal death. 
In ALS, pro-in�ammatory cytokines, such as TNF-α and IL-1β, are 
implicated in the degeneration of motor neurons in the spinal cord and 
brainstem, the hallmark of this disease. �ese cytokines can contribute 
to excitotoxicity, oxidative stress, and in�ammation, ultimately leading 
to motor neuron death. While pro-in�ammatory cytokines are generally 
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through various mechanisms, including the activation of brain 
endothelial cells and the in�ltration of peripheral immune cells into the 
brain . Cytokines produced in the periphery can also cross the blood-
brain barrier and directly in�uence neuronal function. Furthermore, 
recent studies have explored the potential of targeting cytokine 
networks as a therapeutic strategy for neurodegenerative diseases 
[4]. Several clinical trials have investigated the e�cacy of anti-TNF-α 
therapies in AD, but results have been mixed. Targeting other cytokines 
or modulating cytokine networks through di�erent approaches may 
o�er more promising therapeutic avenues. For instance, promoting 
the production of anti-in�ammatory cytokines or inhibiting speci�c 
signaling pathways involved in cytokine production may be bene�cial. 
Furthermore, emerging evidence suggests a role for the gut microbiome 
in modulating cytokine networks and in�uencing neuroin�ammation. 
Dysbiosis, an imbalance in the gut microbiota, can lead to increased 
systemic in�ammation and subsequently impact neuroin�ammation.   

Discussion
�e �ndings presented in this review highlight the crucial role 
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