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ABSTRACT 

Neuroinflammation stands as a pivotal contributor to the pathogenesis 

of Parkinson's Disease (PD), significantly impacting disease 

progression and neuronal health. Toll-like receptors (TLRs), integral 

components of the innate immune system, play a central role in 

orchestrating neuroinflammatory responses in PD. This review 

elucidates the multifaceted involvement of TLRs in PD 

pathophysiology, highlighting their upregulated expression and 

contribution to dopaminergic neuronal loss. Elevated levels of TLR2, 

TLR4, and TLR9 in PD brains underscore their significance in 

exacerbating neuroinflammation and driving disease pathology. 

Modulating TLR activation emerges as a promising therapeutic 

strategy for mitigating neurodegenerative processes and preserving 

dopaminergic neurons in PD. However, the complex interplay between 

TLR-mediated neuroinflammation and neuronal survival presents challenges in translating 

these insights into effective clinical interventions. Further research is imperative to unravel 

the specific mechanisms by which TLRs influence PD pathogenesis and to identify novel 

therapeutic targets for neuroprotection and disease modification. By elucidating the intricate 

roles of TLRs in PD-associated neuroinflammation, this review aims to contribute to the 

development of targeted therapies aimed at halting disease progression and improving clinical 

outcomes for individuals affected by PD. 
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INTRODUCTION 

One of the most prevalent neurodegenerative diseases, Parkinson's disease (PD) is 

characterized by a wide range of symptoms, including impaired motor function, 

psychological issues like anxiety and depression, and non-motor symptoms like autonomic 

neuropathy, sleep disturbances, and cognitive dysfunction. These non-motor symptoms are 

highlighted by T. Maruo, who also emphasizes the holistic aspect of Parkinson's disease and 

their effect on patients' quality of life.
[1]

 Furthermore, as Shanmughavel, Piramanayagam, and 

Suganya Selvaraj noted, James Parkinson originally defined Parkinson's disease (PD) in 

1817. He stated that the disease began with gradual, progressive involuntary tremors and 

progressed to swallowing, walking, and speaking difficulties.
[2]

 According to T. Chow and J. 

Cummings, the prevalence of Parkinson's disease is approximately 100 per 100,000 people in 

the general population, with a considerably higher prevalence rate among those 65 years of 

age and older.
[3]

 According to M. Takeda.
[4]

 this frequency places Parkinson's disease (PD) as 

the second most common neurological disease among the elderly, after Alzheimer's disease. 

The fact that Parkinson's disease (PD) primarily affects those over 65 is another point made 

by A. Gitler and J. Shorter to emphasize the impact of this disease on the aging population.
[5] 

Bradykinesia, resting tremor, rigidity, and postural instability are among the clinical features 

of Parkinson's disease (PD), as outlined by A. Kouli, K. Torsney, and Wei-Li Kuan. These 

features are essential for the diagnosis and distinguishing PD from other causes of 

parkinsonism.
[6]

 The diagnosis makes use of these symptoms in addition to non-motor 

symptoms such as cognitive impairment and sleep disturbance, as elucidated by J. Greenland 

and R. Barker.
[7]

 Neuroinflammation is an essential physiological process that protects the 

body from pathogens, toxins, and neurodegenerative factors while preserving neuroplasticity 

via the coordinated actions of neuronal, glial, and endothelial cells.
[8]

 Despite its 

advantageous functions, neuroinflammation cannot be cured or prevented by medicine; 

present therapies only manage symptoms momentarily.
[9]

 Because it is involved in the 

pathophysiology of many diseases, neuroinflammation has a dual function in neurological 

disorders by both contributing to neurodegeneration and, in certain cases, promoting 

recovery.
[10,11]

 Neuroinflammation is relevant to a range of neurological and cognitive 

illnesses other than multiple sclerosis, and it has been shown to have both positive and 

negative effects on human health.
[12] 

In neurodegenerative illnesses, it is proposed as a 

primary target for therapeutic intervention.
[13]

 The intricate mechanisms behind 

neuroinflammation, which are impacted by things like viral infections and inflammation in 

peripheral organs, highlight the varied functions neuroinflammation plays in a range of 
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neurological and psychiatric conditions.
[14]

 The contrast between damaging chronic 

neuroinflammation and beneficial low-level neuroinflammation is highlighted by the role 

played by the innate immune system, which includes macrophages and the complement 

system, in maintaining CNS homeostasis after damage and infection.
[15]

 The intricate 

interaction between neuroinflammation and neurodegenerative illnesses highlights the need 

of regulating neuroinflammation as a therapeutic approach, as well as its potential role as a 

supporting factor in neuronal recovery.
[16, 17]

 Given its importance in the pathophysiology of 

both acute and chronic neurological disorders, including multiple sclerosis and Alzheimer's 

disease, neuroinflammation is an important target for neuroprotective interventions.
[18]

 

Furthermore, glia-mediated inflammation is a critical area for the development of 

pharmacological and immunosuppressive treatments due to its role in the evolution of brain 

disorders, specifically through reactive gliosis and cellular reactivity.
[19]

 The development of 

novel treatment strategies for neurodegenerative illnesses such as Parkinson's disease requires 

a thorough understanding of the immunological mechanisms underlying 

neuroinflammation.
[20] 

Because neuroinflammation is involved in a wide range of illnesses, 

from neurodegenerative diseases to chronic pain syndromes, it displays a complicated 

interplay between inflammatory processes and immune dysregulation that is essential for the 

development of effective treatments.
[21]

 The pathophysiology of Parkinson's disease (PD) is 

closely associated with neuroinflammation, which is important in both aggravating and 

maybe reducing the illness's course. Due to the activation of microglia and the production of 

reactive oxygen species, which cause dopaminergic neuronal death, neuroinflammation is 

recognized as a pathologic characteristic of Parkinson's disease (PD).
[22]

 It has a role in the 

destruction of dopaminergic neurons in the substantia nigra pars compacta, which results in 

the disease's characteristic motor symptoms and cognitive deficits.
[23]

 Nimesulide and 

levodopa's effects on LPS-induced neuroinflammation point to a complicated interplay 

between inflammatory processes and therapeutic agents in Parkinson's disease (PD).
[24]

 

According to research, neuroinflammation plays a role in the progression of Parkinsonism by 

causing mitochondrial malfunction and nigral dopamine neurons to degenerate via processes 

such S-nitrosylation/nitration of mitochondrial complex I.
[25]

 One such mechanism that may 

be involved in the gradual degeneration of dopaminergic neurons and exacerbate existing 

neurodegeneration is microglial cell-mediated neuroinflammation.
[26]

 The involvement of 

neuroinflammation in PD pathogenesis involves glial activation and inflammatory processes 

leading to disease initiation or progression, with unresolved arguments on whether these 

events are neuroprotective or neurotoxic.
[27]

 Neuroinflammation strongly effects PD 
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pathogenesis, leading to oxidative stress, excitotoxicity, energy failure, and disruption of the 

neuronal membrane by α-synuclein proteins, which are essential contributors in the 

neurodegenerative process.
[28]

 

 

Neuroinflammation in PD 

Studies on the pathophysiology of Parkinson's disease (PD) have consistently indicated the 

important roles that neuroinflammation plays, as evidenced by a variety of biomarkers and 

mechanisms: Increased Proinflammatory Cytokines: Research has shown that people with 

Parkinson's disease (PD) have higher blood and cerebrospinal fluid (CSF) levels of 

proinflammatory cytokines, which suggests both localized and systemic inflammatory 

responses within the central nervous system (CNS). This increase raises the possibility that an 

immunological reaction is accelerating neurodegeneration.
[29]

 Activation of Microglia in the 

Substantia Nigra: A plethora of data indicates heightened activation of CNS's central innate 

immune cells, or microglial cells, especially in the substantia nigra region, a crucial location 

linked to Parkinson's disease. The release of inflammatory and neurotoxic substances is 

linked to microglial activation, which exacerbates the death of dopaminergic neurons.
[30,31]

 

Peripheral inflammatory cells' infiltration into the brain and their participation in 

neuroinflammatory processes point to a possible break in the blood-brain barrier (BBB), 

which exacerbates neuroinflammation and the death of neurons.
[32]

 Modified Immunity: 

Studies show that Parkinson's disease (PD) is associated with a modification of immune cell 

functions, including T-cell populations. These alterations may hasten the course of the disease 

by reflecting systemic immune dysregulation and its effects on CNS pathology.
[33]

 

 

The primary active immune defense mechanism in the brain and spinal cord is provided by 

microglia, which are resident immune cells in the central nervous system (CNS). They are 

essential for participating in neuroinflammatory processes, restoring homeostasis, and 

reacting to damage. Microglia have the ability to become activated in response to pathogenic 

signals or damage, which results in changes to their shape, function, and gene 

expression.
[34]

 The functional states of M1 (classically activated) and M2 (alternatively 

active) are commonly used to simplify the description of microglia activation. It's crucial to 

recognize that this classification is oversimplified, and that more sophisticated and nuanced 

responses to diverse stimuli may be reflected in a spectrum of activation states that extends 

beyond the M1/M2 classifications. 
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Microglial Activation States: M1 vs. M2 

Activation State Characteristics 
Impacton 

Neuroinflammation 
Reference 

M1: An anti- 

inflammatory 

Contributes    to inflammation 

and neurodegeneration by 

producing cytokines  that  are 

pro-inflammatory. 

Frequently linked to 

harm and the 

advancement of 

neurodegenerative 

illnesses 

[35] 

M2 (Anti- 

inflammatory) 

Encourages tissue healing 

and releases substances that 

reduce inflammation 

Protective; linked to 

reducing inflammation  

and promoting CNS 

healing 

[36] 

 

Toll-like Receptors (TLRs) 

The innate immune system relies heavily on toll-like receptors (TLRs), which help recognize 

damage-associated molecular patterns (DAMPs) and pathogen-associated molecular patterns 

(PAMPs). TLRs are essential for preserving physiological homeostasis and fighting infections 

because of their critical function in triggering immunological responses.
[37]

 They are widely 

expressed in a variety of cell types, including non-immune cells like epithelial cells and 

immune cells like dendritic cells and macrophages. The resident immune cells of the brain 

and spinal cord, known as microglia, are the primary target of TLR expression in the context 

of the central nervous system (CNS), making them important participants in both 

neuroinflammation and CNS immunity.
[38]

 A wide variety of TLRs (1 through 9) are 

expressed by microglia, allowing them to react to various microbial ligands and innate danger 

signals. Their broad pattern of expression makes it easier for them to monitor the neuronal 

environment and regulate inflammatory reactions in the brain.
[39]

 A different type of glial cell 

found in the central nervous system called astrocytes also expresses some TLRs, though not 

as many as microglia. They contribute to the brain's innate immune response, particularly in 

reaction to viral infections, by expressing TLR3 and having reduced amounts of TLR1, 4, 5, 

and 9.
[40]

 Human choroidal melanocytes, which are cells found in the vascular layer of the 

eye, have been demonstrated to express TLR1 through TLR9, further illustrating the diversity 

of TLR expression. Their possible involvement in modulating innate immune responses 

against ocular infections is suggested by this expression pattern.
[41]

 The complex network of 

innate immunity within the brain and its role in maintaining CNS homeostasis and pathology 

are further demonstrated by the unique pattern of expression of TLRs in other CNS-resident 

cells, such as oligodendrocytes.
[42]
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Flowchart illustrating Toll-like Receptor Recognition and Signaling Pathways. 

 

TLRs and Neuroinflammation in PD, Upregulation of TLRs 

There has been a lot of interest in the relationship between Parkinson's disease (PD) and the 

expression of the toll-like receptor (TLR). TLRs, particularly TLR2, TLR4, and TLR9, have 

been shown to be overexpressed in the brains and peripheral blood cells of Parkinson's 

disease patients in recent research, indicating a major role for TLRs in the pathophysiology of 

the disease. TLR4 is increased in Parkinson's disease brains and co-localizes with 

pSer129αSyn, according to a study by Conte et al. (2023)
[37]

, suggesting a possible 

connection between neuroinflammation and Parkinson's disease pathology.
[37]

 This is 

consistent with the research conducted by Dabi et al. (2023), which highlighted the 

importance of TLR2, TLR4, and TLR9 in relation to Parkinson's disease.
[38]

 Interestingly, 

Trudler et al. (2010) also observed elevated expression of these TLRs in the illness, 

highlighting their importance in the pathophysiology of the sickness.
[39]

 Studies have 

demonstrated that TLRs, including TLR2 and TLR4, are expressed in cerebral cortical 

neurons and contribute to brain injury caused by ischemic stroke, indicating that they are 

involved in inflammatory processes associated with neurological disorders.
[40] 

The 

importance of TLRs in the neuroimmune mechanisms underlying Parkinson's disease and 

maybe other neurodegenerative diseases is highlighted by this body of research. All of the 

aforementioned research show that there is growing agreement about the critical role that 

TLRs—particularly TLR2, TLR4, and TLR9—play in the neuroimmunological context of 
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Parkinson's disease. According to the research, these receptors might have a role in the 

development of the disease by means of immunological responses and neuroinflammation in 

the brain and peripheral blood cells. 

 

Impact on Neuronal Health 

The complex relationship that exists between the survival of dopaminergic neurons and the 

activation of proinflammatory pathways by TLRs is essential to comprehending the etiology 

of neurodegenerative illnesses like Parkinson's disease (PD). Studies have clarified the 

critical function of proinflammatory pathways, which involve the activation of transcription 

factors such as nuclear factor κB and YY1, in causing neuroinflammation, oxidative stress, 

and ultimately, dopaminergic neuronal death in Parkinson's disease (PD).
[41]

 This implies that 

there may be therapeutic potential in focusing on these pathways. 

 

According to research, mice with TLR3 deficiency develop resistance to MPTP-induced 

neurotoxicity, preserving the integrity of dopamine neurons.
[42]

 This demonstrates TLR3's 

potential role in dopaminergic neuronal survival and provides information about potential PD 

treatment approaches. Numerous studies have exhibited the therapeutic advantages of anti- 

inflammatory drugs like celecoxib and pioglitazone. These medications may protect 

mitochondrial bioenergetics and enhance nigral dopaminergic neuron survival by diminishing 

the inflammatory response triggered by lipopolysaccharides (LPS).
[43]

 The consequences of 

neuroinflammation for dopaminergic neuronal survival have been further clarified in animal 

models, with a particular emphasis on the inflammatory processes-induced degeneration of 

nigrostriatal dopaminergic neurons.
[44]

 This emphasizes how crucial it is to fight 

neuroinflammation in order to safeguard dopaminergic neurons. Toll-like receptors (TLRs) 

on neurons have been extensively studied in relation to ischemia brain injury and functional 

impairments. Elevated TLR2 and TLR4 levels in neurons have been found to contribute to 

proapoptotic signaling cascades, which in turn increase the vulnerability of neurons to 

ischemic death.
[45]

 Dopaminergic neuronal survival is further complicated by the neurotoxic 

effects of levodopa and the oxidative stress caused by exogenous toxins; yet, there is some 

optimism due to the potential protective effects of dopamine agonists and Coenzyme 

Q10.
[46] 

Immunomodulatory drugs have demonstrated their critical role in preventing the 

degeneration of dopaminergic neurons in animal models of Parkinson's disease by alleviating 

motor impairments, inhibiting proinflammatory pathways, and decreasing oxidative 

stress.
[47] 

This suggests that these drugs may be used in PD treatment. All of the studies point 
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to the complex relationship between TLR-mediated proinflammatory system activation and 

dopaminergic neuronal survival. In addition to aiding in the development of Parkinson's 

disease (PD), the pathways involved in this process provide opportunities for therapeutic 

intervention that aims to reduce neuroinflammation and oxidative stress in order to shield 

dopaminergic neurons and eventually maintain neuronal health. 

 

Balancing Inflammation Acute vs. Chronic Inflammation 

A complex and important process in both acute and chronic neurological disorders is 

neuroinflammation. In the context of chronic traumatic brain injury (TBI), liver disease, the 

transition from acute to chronic pain, cognitive and motor functions, and injury and repair 

mechanisms in the nervous system are just a few of the ways it performs a dual role. Acute to 

Chronic Pain Transition**: Early peripheral inflammation triggers neuroinflammation, which 

sets off signaling pathways that alter sensory neuron function over time and maintain 

persistent sensitization.
[48] 

Liver Disease and Cognitive Functions: Both acute and chronic 

liver diseases are associated with neuroinflammation, which activates microglial cells and 

secretes pro-inflammatory cytokines that impair motor and cognitive function. This process is 

greatly influenced by changes in the gut microbiota, which implies that treating the gut 

microbiota could be a successful treatment approach.
[49] 

 

Traumatic Brain Injury (TBI) that is chronic: When acute colitis is generated in mice with 

chronic traumatic brain injury, neuroinflammation intensifies neurological impairments and 

results in persistent extraintestinal, systemic, and central nervous system inflammatory.
[50] 

 

Axonal Degeneration and Virus-Induced Demyelination: The CD40/CD40 ligand system 

interacts between CD4+ T cells and microglia/macrophages to influence both acute-adaptive 

and chronic-adaptive immune responses.
[51] 

 

Function of IL-1β produced by NLRP3: This is important because it helps sepsis go from 

acute to chronic neuroinflammation, which emphasizes how important it is for the 

development of neurodegenerative illnesses like Parkinson's.
[52] 

 

Reducing Neuroinflammation in Alzheimer's: A mouse model of Alzheimer's disease has 

shown that IL-37 expression can repair cognitive impairment by drastically reducing both 

acute and chronic neuroinflammation.
[52] 
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Therapeutic Implications Targeting TLRs 

Toll-like receptors (TLRs) are targets for therapeutic targeting with substantial implications 

for a variety of medical applications, such as immunotherapy, cancer treatment, and 

autoimmune and inflammatory disease management. As the main sensors for identifying 

infections and starting subsequent immunological reactions, TLRs are essential to the body's 

immune response. Their potential as targets for therapeutic therapies stems from their 

participation in a variety of clinical diseases. TLR agonists and antagonists have been 

investigated as preventative and therapeutic medicines, among other TLR-targeting 

techniques. Adjuvant vaccination immunotherapy, cancer treatment, allergy disease 

management, persistent viral infections, and the creation of TLR-specific antagonists for 

long-term non-infectious inflammatory and autoimmune disorders are only a few of these 

uses.
[53]

 TLR-targeted approaches have demonstrated potential in oncology for changing the 

tumor microenvironment to tumoricidal phenotypes. This involves incorporating certain 

TLR-targeting medications, supported by pre-clinical research and continuing clinical trials, 

into routine treatment.
[54]

 These tactics make use of the immune system's built-in defences 

against cancer, underscoring the potential therapeutic uses for TLR agonists and antagonists 

beyond the management of infectious diseases.
[55] 

 

Furthermore, there are encouraging prospects for the use of TLRs or their downstream signals 

in the treatment of inflammatory illnesses like rheumatoid arthritis in the future.
[56]

 

Developments in TLR antagonists, such as antibodies against TLRs, peptides derived from 

TLRs, and small compounds that efficiently block or lessen TLR signaling, provide 

additional evidence for this.
[57] 

 

Hematology experts have discovered that Toll-like receptors may be used as therapeutic 

targets in hematologic malignancies. These receptors have the ability to enhance antigen 

presentation and stimulate the production of target molecules, which is essential for creating 

therapeutic alternatives that work.
[58] 

 

TLR ligands are a novel family of drugs that modulate cytokine production and activate 

lymphocytes to prevent or cure allergic diseases.
[59]

 This highlights the range of applications 

for TLR targeting, including immunological disorders, inflammation, and cancer treatment, 

and emphasizes the need for more study to fully realize their therapeutic potential. 
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Challenges and Future Directions 

Neural Connectivity and Brain Function: Neurite outgrowth is adversely modulated and 

synapse formation is altered when nucleic acids activate neuronal Toll-like receptors. This 

affects brain function and neural connections and may be a factor in deficiencies linked to 

neuropsychiatric diseases.
[63]

 Alcohol-Induced Neuroinflammation: TLR4 and TNF receptors 

are involved in intricate interactions that cause neuroinflammation. By focusing on this 

route, new treatment options for reducing neuroinflammation may be available.
[64]

 

Neuroimmune Dysregulation: As Receptors, in particular TLR4, shows An important aspect 

of the pathophysiology of many neurodegenerative illnesses is neuroinflammation, and Toll- 

like receptors (TLRs) are becoming more and more understood in this regard. Recognizing 

pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns 

(DAMPs), TLRs are essential parts of the demonstrated in models such as BTBR T+ Itpr3tf/J 

mice, inhibition of neuronal Toll-like innate immune system that trigger immunological 

responses. Their involvement in neuroinflammation and neuronal complications is complex; 

they affect neurite outgrowth and synapse formation, modulate astrocytic pathways, cause 

dopaminergic neural loss in Parkinson's disease (PD), and synucleinopathy in 

neurodegeneration, among other things. 

 

Synucleinopathy and Neurodegeneration: During neuroinflammation, TLRs—especially 

TLR2 and TLR4—are elevated in the brain. This leads to synucleinopathy in Parkinson's 

disease by interfering with autophagy. This suggests that mechanistic-based treatments for 

neurodegenerative illnesses should target the neuronal TLR2/4 pathways.
[60]

 Alterations in 

Astrocytic Routes: By influencing astrocytic Toll-like Receptor 4, blocking the A1 astrocytic 

pathway, and fostering the A2 pathways, which produce neurotrophic factors, dopamine 

mediates neuroprotection. Cognitive impairments and neuroinflammatory diseases are 

influenced by this regulation.
[61]

 Parkinson's disease-related loss of dopaminergic neurons: In 

Parkinson's disease, the overexpression of TLRs is associated with increased 

neuroinflammation, which exacerbates the death of dopaminergic neurons. This emphasizes 

how essential TLRs are for the recognition of both endogenous and external stimuli, which 

set off inflammatory reactions in the central nervous system.
[62] 

 

promise in alleviating neuroimmune dysregulation and opening the door for therapeutics that 

target neuroinflammation in neuropsychiatric illnesses.
[65]

 Alzheimer's disease: TLR4 has 

been identified as a viable therapeutic target for the disease, emphasizing its function in 
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controlling neuroinflammation and the possibility of creating novel treatment approaches that 

center on this receptor.
[66] 

 

CONCLUSION 

Neuroinflammation, driven in part by Toll-like receptor (TLR) activation, emerges as a 

central player in the pathogenesis of Parkinson's Disease (PD), influencing disease 

progression and neuronal health. The upregulated expression of TLRs, notably TLR2, TLR4, 

and TLR9, exacerbates neuroinflammation and contributes to dopaminergic neuronal loss, a 

hallmark of PD pathology. Targeting TLR-mediated neuroinflammatory processes presents a 

promising therapeutic avenue for preserving dopaminergic neurons and mitigating 

neurodegeneration in PD. However, the complexity of TLR signaling and its interplay with 

neuronal survival mechanisms pose challenges in translating these insights into effective 

clinical interventions. Further research is essential to elucidate the specific mechanisms by 

which TLRs influence PD pathogenesis and to identify novel therapeutic targets for 

neuroprotection and disease modification. By unraveling the intricate roles of TLRs in PD- 

associated neuroinflammation, future endeavors aim to develop targeted therapies that halt 

disease progression and improve clinical outcomes for individuals affected by PD. 
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