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Abstract

Neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and 

Multiple Sclerosis (MS) are characterized by neuronal degeneration and neuronal death in specific 

regions of the central nervous system (CNS). In AD, neurons of the hippocampus and entorhinal 

cortex are the first to degenerate, whereas in PD, dopaminergic neurons in the substantia nigra 

degenerate. MS patients show destruction of the myelin sheath. Once the CNS neurons are 

damaged, they are unable to regenerate unlike any other tissue in the body. Neurodegeneration is 

mediated by inflammatory and neurotoxic mediators such as interleukin-1beta (IL-1β), IL-6, IL-8, 

IL-33, tumor necrosis factor-alpha (TNF-α), chemokine (C-C motif) ligand 2 (CCL2), CCL5, 

matrix metalloproteinase (MMPs), granulocyte macrophage colony-stimulating factor (GM-CSF), 

glia maturation factor (GMF), substance P, reactive oxygen species (ROS), reactive nitrogen 

species (RNS), mast cells-mediated histamine and proteases, protease activated receptor-2 

(PAR-2), CD40, CD40L, CD88, intracellular Ca+ elevation, and activation of mitogen-activated 

protein kinases (MAPKs) and nuclear factor kappa-B (NF-kB). Activated microglia, astrocytes, 

neurons, T-cells and mast cells release these inflammatory mediators and mediate 

neuroinflammation and neurodegeneration in a vicious manner. Further, immune and 

inflammatory cells and inflammatory mediators from the periphery cross the defective blood-

brain-barrier (BBB) and augment neuroinflammation. Though inflammation is crucial in the onset 

and the progression of neurodegenerative diseases, anti-inflammatory drugs do not provide 

significant therapeutic effects in these patients till date, as the disease pathogenesis is not yet 

clearly understood. In this review, we discuss the possible factors involved in neuroinflammation-

mediated neurodegeneration.
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Introduction

The brain is an important organ that controls the functions of all the other organs in the 

human body through neuronal connectivity and neuronal signal transmission. Central 

nervous system (CNS) is the most complex, and very poorly understood structure in the 

human body. The neuronal circuits in the CNS and its functions are impaired in 

neuroinflammatory diseases [1]. Inflammation is a protective mechanism in the body that 

functions to repair, regenerate and remove the damaged tissues/cells or infective agents, 

parasites or toxins from the body [2]. Inflammatory responses are carried out by several 

immune and inflammatory cells including T-cells, neutrophils, macrophages, microglia and 

mast cells. Similarly, neuroinflammation is a protective mechanism to restore the damaged 

glial cells and neuronal cells in the CNS. Neuroinflammation is mediated by microglia-the 

resident brain macrophage, astrocytes, neurons, T-cells, neutrophils, mast cells, and 

inflammatory mediators released from these cells [3]. Contrary to other cells, once the 

neurons are damaged or degenerated, they are unable to be repaired or regenerate in the CNS 

[4]. Neuroinflammation is initially a protective response in the brain, but excess 

inflammatory responses are detrimental, and in fact, it inhibits the neuronal regeneration [5]. 

Chronic neuroinflammation plays an important role in the onset and progression of 

neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and 

Multiple Sclerosis (MS) [6].

Neurodegeneration is a condition in which the neuronal structure and functions are altered, 

with reduced neuronal survival and increased neuronal death in the CNS [4]. CNS is a 

highly complex structure as compared to other organs in the body. It is not yet known why 

the CNS neurons fail to regenerate after damage. Currently, there are no therapeutic agents 

that can induce neuronal regeneration in the damaged or affected regions in the brain. 

Therefore, there is no drug to treat any neurodegenerative diseases effectively, though 

several new diagnostic and drug delivery procedures such as nanotechnology delivery of 

drugs have been tried extensively in the last decade [7–9]. Multi-targeted therapy and other 

options such as inhibition of excitotoxicity, Ca+ overload, oxidative stress, apoptosis and 

endoplasmic reticulum stress have been suggested and tried to improve the efficacy of the 

drugs and to treat co-morbid neurodegenerative disease conditions [10–12]. Further, the 

translation of certain disease modifying drugs from clinical trials stage including adeno-

associated virus (AAV)-mediated gene therapy attempts have failed in neurodegenerative 

disease patients though they decreased the severity of disease symptoms [12].

Neurons/glial cells in specific brain regions are affected and degenerate in neurodegenerative 

disease conditions and thus exhibit specific disease symptoms in these patients [13]. PD 

patients show motor symptoms such as bradykinesia, muscular rigidity and resting tremor. 

The non-motor symptoms in these patients include olfactory dysfunctions, cognitive 

impairments, psychiatric symptoms and autonomic dysfunction. Histologically, 

dopaminergic neurons degenerate in the substantia nigra in PD patients [4]. AD patients 

show neurodegeneration in the temporal lobes (store short term memory) first and then in 

parietal lobes (store long term memory). AD symptoms include cognitive as well as 

psychiatric (depression) disorders. Protein aggregates (neurofibrillary tangles: NFT) develop 

in the neurons of AD patients. There are no specific drugs currently available to repair the 
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damaged neurons, induce neuroregeneration and prevent further neurodegeneration in AD, 

PD and MS patients. Current drugs are effective only in reducing the severity of symptoms 

by limiting the extent of neuroinflammation in these patients. Though these drugs are not 

able to repair or regenerate the damaged neurons, they are very useful to increase the quality 

of life with reduced symptoms as well as the life span of these patients [14]. Nonsteroidal 

anti-inflammatory drugs (NSAIDs) show neuroprotective effects, antioxidant properties, 

inhibit free radicals production, scavenge free radicals and inhibit nuclear factor-kappa B 

(NF-kB) activation in the CNS. AD and PD pathogenesis starts from an area and progress to 

nearby regions over time through pathogenic protein transfer between affected cells and 

nearby unaffected cells [15]. Neuroinflammatory reactions lead to neurodegeneration, and 

neurodegeneration induces further neuroinflammation in the CNS [4,16]. Long-term use of 

NSAIDs was significantly associated with a reduced risk of AD compared to non NSAIDs 

users [17]. Epidemiological studies have shown beneficial neuroprotective effect of NSAIDs 

in AD. The longer the NSAIDs were used prior to clinical diagnosis, the greater the 

neuroprotective effect in AD [18]. Preclinical trials have shown that pre-treatment with 

NSAIDs protects dopaminergic neurons from degeneration induced by MPTP and 6-

Hydroxydopamine hydrochloride (6-OHDA) [19]. Chronic use of NSAIDs may be 

beneficial only in the normal brain by inhibiting the production of amyloid-beta (Aβ). Once 

the Aβ is deposited, NSAIDs are no longer effective and may even be detrimental because of 

their inhibiting activity on activated microglia of the AD brain, which mediates Aβ clearance 

and activates compensatory hippocampal neurogenesis [20]. It has been suggested that 

NSAIDs may be used for the prevention of neurodegenerative disease severity in the future 

instead of using for treatment, because these drugs are ineffective when neuronal 

degeneration is already in progress [20]. Thus, NSAIDs may be started in the pre-

symptomatic period with early diagnosis. However, long-term use NSAIDs may induce toxic 

adverse effects, and anti-inflammatory intervention did not show clinical efficacy [19,21].

Factors Inducing Neuroinflammation

Factors such as normal ageing process, dementia, trauma, stroke, hypertension, depression, 

diabetes, tumors, infections, toxins, and drugs can initiate neuroinflammation in the CNS 

(Figure 1) [22]. Normal aging process cause reduced neurogenesis, increased synaptic 

aberrations, higher metabolic stress, augmented neuroinflammation, cognitive decline, 

neurobehavioral deficits and increased reactivity to any immune challenges. Moreover, aging 

is also associated with increased systemic inflammation, increased BBB permeability, 

impaired glial cell signaling, and chronic mild proinflammatory reactions in the CNS cells 

[23]. Microglia in the aged brain show dystrophic morphology (inflammatory), elevated 

expression of inflammatory markers, and reduced expression of neuroprotective factors [24]. 

Microglial cells mediate communication between the CNS and immune cells, and this 

communication is impaired in the elderly predisposing to low-grade and chronic 

inflammation and the onset of neurodegenerative diseases [25]. Low-grade chronic 

neuroinflammation associated with normal aging contributes to cognitive deficits and 

increased susceptibility to other age-related pathologies. A better understanding of the 

mechanisms responsible for neuro-immune dysfunctions associated with older age is 

important for better treatment options [26]. Further, aging process induces several cellular 
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changes such as increased intracellular Ca2+ levels that can lead to low-grade inflammation 

in the CNS and in the peripheral systems [27]. This low-grade inflammation induces the 

release of inflammatory mediators including interleukin-1beta (IL-1β), IL-6 and tumor 

necrosis factor-alpha (TNF-α). Astrocytes and microglia function as inflammatory cells and 

release many neuroinflammatory cytokines and chemokines within the aging CNS [27]. This 

chronic increase of inflammatory mediator levels in the elderly people make them more 

prone to neuroinflammation in the CNS leading to the onset of neurodegenerative diseases 

[6,26,28]. Another factor that contributes to the neuroinflammation is iron content in glial 

cells. Iron ferritin concentration increases in microglia and induces proinflammatory 

dystrophic microglia phenotype in the elderly and thus contribute to the pathogenesis of 

neurodegenerative diseases [27,29].

Neuroinflammation and systemic inflammation lead to oligodendrocyte death and 

degeneration of the myelinated neurons in MS patients. Depressed state also induces 

neuroinflammation by increasing proinflammatory mediators released from inflammatory 

cells. Normal aging and presence of chronic diseases also induce depression in the human 

body. Obesity is also a risk factor for the onset of neuroinflammation. Low-grade 

inflammatory reactions are constantly present in the adipose tissue in an obese person. 

Adipocytes also release many proinflammatory mediators including adipokines. Thus, 

obesity is a predisposition to neuroinflammation and neurodegenerative diseases [30,31]. 

Infective agents such as viruses and bacteria can enter the brain through defective BBB, and 

induce neuronal, glial dysfunctions and death, develop dementia and other CNS functional 

abnormalities. The bacterial component lipopolysaccharide (LPS), viral infection and toxins 

can activate glial cells, immune and inflammatory cells, increase release of proinflammatory 

mediators and induces neurodegeneration and neuronal death in the CNS. Neuroprotective 

mechanisms try to protect glial cells from these insults; however, excessive neuroimmune 

responses can lead to neuroinflammation, neuronal dysfunction, neuronal injury, and 

neuronal death [32]. Additionally, infective agents, toxins, and certain drugs can directly 

affect glial cells and neuronal cells, and cause the death of these cells in specific brain 

regions. These factors can cause either acute or chronic neuroinflammation. Acute 

neuroinflammation may either disappear within a short period or progresses as chronic 

inflammation, worsening in months and years. This chronic inflammation contributes to 

specific neuroinflammatory diseases based upon the site of inflammation and the extent of 

glial and neuronal death in the CNS.

Several reports have shown that neuroinflammation is associated with the pathogenesis of 

neurodegenerative diseases PD, AD and MS. In these disease conditions glial cells are 

activated but the factors activating these cells and other inflammatory components are 

different in these each disease. AD is a progressive neurodegenerative age-associated 

disorder characterized by the presence of amyloid plaques and NFTs in the brain. Amyloid 

plaques are extracellular Aβ deposits from amyloid precursor protein (APP) and the NFTs 

are present inside the neurons and composed of tau protein. Inflammatory components in 

AD include microglia, astrocytes, neurons, classic and alternate pathways of complement 

system, the pentraxin acute-phase proteins, neuronal-type nicotinic acetylcholine receptors 

(AChRs), peroxisomal proliferators-activated receptors (PARs), cytokines, chemokines and 

other neurotoxic mediators. The primary factor that initiate AD pathogenesis are soluble and 
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aggregated and Aβ and hyper phosphorylated tau which induce inflammatory activation of 

glial cells [16,33]. Microglia and astrocytes generate Aβ that can activate proinflammatory 

pathways in AD [34]. Aβ attract and activate microglia and astrocytes around Aβ in the 

brain. Activated glial cells release neuroinflammatory mediators and causes 

neurodegeneration. Neurons also play important role in neuroinflammation through the 

expression of cytokines/chemokines, complement proteins, pentraxins, c-reactive proteins 

and Aβ.

PD is the second most common neurodegenerative disease characterized by the 

dopaminergic neuronal death in the substantia nigra pars compacta and the presence of intra 

neuronal protein α-synuclein (Lewy bodies) in the brain. The cause of the neuronal death is 

not yet clearly known [35]. Glial activation and peripheral inflammatory mediators 

contribute to the pathogenesis of PD. Neuronal death also induces inflammation in a vicious 

cycle. Dopaminergic neurons are more vulnerable to glial mediated neurotoxicity in PD. The 

number of activated microglial cells is increased in the substantia nigra in PD [35]. Increased 

concentration of α-synuclein or mutated form of α-synuclein generates misfolding of 

protein. This misfolded aggregate activates glial cells and other immune/inflammatory cells 

and release inflammatory cytokines, chemokines, neurotoxic mediators which induce 

neurodegeneration in substantia nigra [36]. Moreover, α-synuclein also has direct 

proinflammatory activity in PD [37]. MS is an inflammatory, demyelinating, autoimmune 

and neurodegenerative disease characterized by the presence of infiltrating immune cells, 

demyelination, axonal degeneration and neuronal death in the CNS. MS is due to 

autoimmunity and neuroinflammation in the young adults. In MS and EAE, T helper (Th1) 

and Th17 cells infiltrate the CNS and initiate the destruction of myelin sheath [16]. Then 

microglia and infiltrating myeloid cells respond to local danger signals and T cell-derived 

cytokines further exacerbate inflammatory process in MS [16]. The pathological events 

include migration of T-cells through the BBB, activation of T-cells and mast cells, 

demyelination, gliosis, axonal/neuronal degeneration [16,38]. Microglia damage 

oligodendrocytes and neurons through inflammatory cytokines, phagocytosis, antigen 

presentation and reactive oxygen species (ROS)/reactive nitrogen species (RNS). 

Furthermore, immune cells including mast cells directly damage axons and neurons in MS 

[38]. Inflammatory mediators released from T-cells, Th17 cells, microglia and mast cells 

contribute to the pathogenesis of MS [39]. Mast cells and T-cells cross talk and exacerbates 

demyelination and the severity of MS and EAE [40,41]. IL-1β, IL-6, IL-17, IL-23, 

transforming growth factor-beta (TGF-β) are implicated in the pathogenesis of MS [42]. 

Myelin basic protein released from demyelination also activates immune cells to release 

neurotoxic and proinflammatory mediators that cause axonal/neurodegeneration in MS.

Chronic neuroinflammation plays an important role in the pathogenesis of 

neurodegenerative diseases. But, most of the animal models do not show extensive 

neuroinflammation and neurodegeneration comparable with the human diseases. However, 

there are several animal models of neurodegenerative diseases including transgenic, toxins 

and genetic models for AD, PD and MS to explore the pathogenesis of neurodegeneration in 

the CNS. There are no comparable animal models similar to human neurodegenerative 

diseases and therefore the disease pathogenesis in human diseases is different from these 

animal models. These animal models have their own advantages and limitations. It seems 
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that no neurodegenerative animal models are available that are initiated by 

neuroinflammatory mechanisms similar to human diseases. However, there are some animal 

models such as glial fibrillary acidic protein (GFAP)-IL-6 transgenic mouse model for AD 

and LPS-induced PD models that are neuroinflammation based models [43–45]. These 

models are also not similar to human diseases. Multiple neuroinflammatory pathways and 

several immune and inflammatory cells/factors are involved in the pathogenesis of human 

neurodegenerative diseases. Thus, currently it is difficult to create similar conditions in 

animal models of neurodegenerative diseases. Additionally, the exact pathogenic mechanism 

of neurodegenerative diseases is not yet clearly known.

Neuroinflammation-induces neurodegeneration

The brain was once considered as an immunologically privileged site with restricted/reduced 

immune responses in the brain [32]. Further, it was also thought that there were no bi-

directional communications between the peripheral immune mechanisms and the brain. 

However, currently it is clearly known that peripheral immune system and the brain bi-

directionally communicate and influence each other in physio pathological conditions [46–

48]. Acute low-grade inflammatory responses are essential to clear the invaded infective 

agents, toxins and injured/dead cells from the tissues to protect the body from any damage 

or heal after tissue damage [5,49]. Basal release of cytokines and chemokines such as TNF-

α and chemokine (C-C motif) ligand 2 (CCL2) are necessary to perform normal 

physiological functions of the body [50–52]. Mast cell mediators such as proteases, 

cytokines and chemokines and growth factors are essential for tissue healing, angiogenesis, 

innate immunity and normal neuronal growth functions [53]. TNF-α up-regulates the 

expression of brain-derived neurotrophic factor (BDNF) in astrocytes and mediates 

neurotropic/neuroprotective activity in the brain [54]. However, prolonged and increased 

inflammatory reactions with elevated levels of inflammatory mediators, and accumulation 

and activation of inflammatory cells perform opposite functions by mediating deleterious 

onset and progression of neurodegenerative diseases [55]. Increased peripheral immune and 

inflammatory activities also cause BBB dysfunctions, and infiltration of immune and 

inflammatory cells into the brain. T-cells, mast cells and inflammatory mediators from the 

periphery cross the defective BBB, enter into the brain, activate microglia, astrocytes, and 

neurons to release additional inflammatory mediators contributing to the enhancement of 

neuroinflammation and neurodegeneration [32,49]. The presence of systemic inflammation 

with increased TNF-α production is associated with increased cognitive decline, glial cells 

activation, and neuroinflammation. Additionally, the normal aging process also increases the 

activated microglia and astrocytes and the levels of inflammatory mediators in the CNS [56]. 

There are several mediators or receptor proteins or pathways that are increased or activated 

in neuroinflammation that mediate neurodegeneration. Protease-activated receptor-2 

(PAR-2) is G-protein–coupled receptors for proteases from inflammatory cells [57]. PAR-2 

plays an important role in inflammation including neuroinflammation, as PAR-2 is 

expressed in mast cells, glial cells, and neurons [58,59]. Proteases such as tryptase 

specifically released from mast cells activate glial cells and neurons and increases 

neuroinflammation through the PAR-2 pathway [59]. Studies have shown that mast cells 

communicate with T-cells, glial cells and neurons and mediate neuroinflammation and 
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neurodegeneration through its mediators or by direct cell-to-cell contacts [53,60–63]. Mast 

cell activation induces the release of specific types of extracellular vesicles (EVs) with 

specific inflammatory mediators including proteases [64]. Recent reports indicate that mast 

cells and their mediators contribute to the cognitive dysfunction, are implicated in the 

pathogenesis of AD [65–67]. These activated immune and inflammatory cells along with 

high levels of proinflammatory mediators affect specific regions of the brain and induce the 

pathogenesis of neurodegenerative diseases [68]. Activation of glial cells not only produces 

proinflammatory mediators but also release several anti-inflammatory and neuroprotective 

factors such as BDNF. However, if the expression and the activity of neuroinflammatory 

mediators are higher than those of the neuroprotective mediators, inflammation turns 

deleterious to the tissues instead of protecting.

Microglia in the CNS is heterogeneous with different functional phenotypes. Resting 

microglia are converted to active state of M1 or M2 phenotypes. Proinflammatory 

environment/cytokines, cellular or bacterial debris activate resting microglia to M1 

phenotype. M2 activation state is induced by parasitic products, IL-4 and IL-13. M1 

phenotype is proinflammatory and M2 phenotype is neuroprotective, immunosuppressive 

and anti-inflammatory and helps in tissue healing process [69]. M1 microglia predominates 

at the site of injury than M2 microglia. Recently, M1/M2 paradigm of microglial activation 

has been extensively studied in neurodegenerative diseases to understand the role of 

microglia in neuroprotection and neurodegeneration [70]. Microglial activation can be 

classified into classical activation and alternative activation based upon the nature of 

activation. Classical activation of microglia leads to the release of proinflammatory 

mediators such as IL-1β, IL-6, TNF-α, nitric oxide (NO), ROS and proteases. Microglia in 

this polarization state is called M1 phenotype. Microglia in the state of alternative activation 

is called M2 phenotype and is associated with neuroprotection and is anti-inflammatory 

[71]. Anti-inflammatory cytokines IL-4, IL-13, IL-10 and TGF-β from M2 microglia 

antagonize the activities of proinflammatory cytokines to re-establish normal condition.

The ratio of M1 and M2 microglial activation is altered in neurodegenerative diseases and 

therefore M1/M2 switching may help therapeutic effectiveness in neurodegenerative 

diseases [70].

Microglia and astrocyte phenotypes are influenced and modified by peripheral inflammatory 

conditions/mediators and thereby affect neuroinflammation and neurodegeneration [72]. 

Glial cells activation increases the expression of proinflammatory mediators in 

neurodegenerative diseases [73]. Mitochondrial abnormalities are implicated in 

neuroinflammatory and neurodegenerative mechanisms in the CNS. Mitochondrial 

uncoupling protein 2 (UCP2) and (UCP4) are neuroprotective and their expression dynamics 

can regulate neurodegenerative disease pathogenesis. UCP2 down-regulation has been 

shown to activate microglia towards M1 phenotype [74]. UCPs uncouple ATP production in 

mitochondria and reduce oxidative stress [75]. Several studies have shown that glia 

maturation factor (GMF), a brain protein activates glial cells and neurons to induce 

neuroinflammatory mediators release and mediate neuronal death in-vivo and in-vitro 
conditions [76–78]. Moreover, GMF immuno positive glial cells were found in the vicinity 

of plaques and neurofibrillary tangles in AD brains indicating GMF as an inflammatory 
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mediator [79–82]. Another factor implicated in neuroinflammation is toll-like receptor 4 

(TLR4). Chronic activation of TLR4 pathway is involved in diabetes, neuroinflammation 

and AD pathogenesis [83]. TLR4 activation pathways link diabetes and AD. Additionally, 

apolipoprotein E (APOE) is also implicated in neurodegenerative diseases [84]. Studies have 

shown that APOE gene4 is associated with increased risk of AD pathogenesis [85]. NO 

generated by inducible nitric oxide synthase (iNOS) can react with reactive oxygen ROS and 

produce neurotoxic RNS that cause neurodegeneration of neurons, including dopaminergic 

neurons [19,32]. CD40 and CD40L expression play important role in neuroinflammation 

and their inhibition decreases the oxidative damage, BBB dysfunction and 

neuroinflammation in the CNS [86–88]. CD40 signaling mediates severe disease pathology 

in animal’s models of AD [89]. Astrocyte and mast cells cross-talk release 

neuroinflammatory mediators through CD40 and CD40L signaling pathways in these cells 

[90,91]. Mitogen-activated protein kinases (MAPKs) are the major intracellular signal 

transduction factors that transmit external stimuli to the nucleus. Phosphorylated MAPKs 

activate nuclear transcription factors such as NF-kB. Activated NF-kB enters into the 

nucleus and induces gene transcription of genes encoding inflammatory mediators and 

adhesion molecules in glial cells and inflammatory cells. Activation of MAPKs and NF-kB 

has been reported in the CNS of neurodegenerative diseases in animal models and in patients 

[19].

EVs are membrane structures which includes membrane vesicles/ectosomes that derive from 

plasma membrane exocytosis (100 nm - 1 μm diameter) and exosomes (50–100 nm 

diameter) generated by exocytosis of multi vesicular bodies [92]. EVs envelop, protect and 

shuttle their bioactive material between cells in different organs/systems. EVs are released 

by neurons, astrocytes, microglia, oligodendrocytes and immune cells in the CNS and also 

by other immune cells in the body in physiological and pathological conditions. These EVs 

are mediators of intercellular communication by cross-talk among neurons and glial cells, 

delivering proteins, mRNA transcripts and miRNAs to recipient cells [64,92–94]. EVs can 

be internalized by various recipient cells. EVs contribute to the development of 

neuroinflammatory and neuropathological disorders in the CNS [95,96]. α-synuclein, a pre 

synaptic neuronal protein and Aβ peptide that are responsible for the pathogenesis of PD 

and AD, respectively are packed into the EVs and transferred from one cell to another cell 

inducing or propagating disease [93]. EVs can also transport and deliver other toxic proteins 

such as prion proteins (PrPsc), APP, phosphorylated Tau, TNF-Receptor 1, cytokines/

chemokines in neurodegenerative diseases [92,97]. Microglial EVs can propagate 

inflammatory signals in-vitro and in-vivo. The detection of disease-specific proteins and 

RNAs in EVs in cerebrospinal fluid (CSF), blood and urine may be very useful for the early 

detection of diseases progression. Mast cell activation induces the release of specific types of 

EVs that contain specific inflammatory mediators including proteases [64].

Neurodegeneration and neuronal death in neurodegenerative diseases are primarily due to 

increased levels of proinflammatory and neurotoxic mediators such as IL-1β, TNF-α, IL-6, 

IL-8, IL-33, CCL2, CCL5, matrix metalloproteinase-3 (MMP-3), GMF, substance P, 

prostaglandin E2 (PGE2), cyclooxygenase 2 (COX 2), ROS, RNS mast cells products 

histamine and tryptase, PAR-2, CD40, CD40L, CD88 and intercellular adhesion molecule 1 

(ICAM-1) as shown in Figure 1 [3,88,98–100]. These mediators directly or indirectly 
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through glial cells and inflammatory cells affect neuronal survival and induce 

neurodegeneration. Thus, neuroinflammation induces neurodegeneration and the processes 

involved in neurodegeneration augments neuroinflammation.

Conclusion

The role of neuroinflammation in neuronal degeneration has been studied extensively in the 

last decade. The available evidences convincingly demonstrate that neuroinflammation is a 

crucial factor in the onset and progression of neurodegeneration and neuronal loss in 

neurodegenerative diseases. Additionally, peripheral inflammation also augments 

neuroinflammatory pathways by activating glial cells, neurons, and increase in BBB 

permeability. Moreover, peripheral immune and inflammatory cells migrate to the brain 

through the defective BBB. These migrated immune cells can proliferate in the brain at the 

site of inflammation and further augment neuroinflammation either directly or through glial 

cells and neuronal cells. Suppression of neuroinflammation can ameliorate 

neurodegenerative disease symptoms and reduce the extent of neurodegeneration. However, 

it is necessary to find newer therapeutic agents to repair the damaged neurons, and to 

regenerate new neurons at the site of neuronal damage in the CNS.
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Figure 1. 
Schematic diagram showing neuroinflammation-mediated neurodegeneration in the brain. 

Factors such as normal aging, dementia, stroke, hypertension, brain injuries, obesity, local 

and systemic infections and environmental factors induce neuroinflammation by activating 

microglia, astrocytes and neurons in the brain. These factors also activate immune and 

inflammatory cells such as T-cells and mast cells in the brain. Activation of glial cells and 

inflammatory cells release many proinflammatory and neurotoxic mediators and also 

increases expression of inflammation related receptor proteins in the brain cells. These 

inflammatory mediators and enhanced protein expressions further augment 

neuroinflammation and neurodegeneration in a vicious manner causing progressive 

neurodegenerative diseases. MC=mast cells, PAR-2=proteinase activated receptor-2, TC=T-

cells, UCPs=mitochondrial uncoupling proteins.
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