
MOLECULAR MEDICINE REPORTS  13:  3391-3396,  2016

Abstract. Neurodegeneration is a phenomenon that occurs in 

the central nervous system through the hallmarks associating 

the loss of neuronal structure and function. Neurodegeneration 

is observed after viral insult and mostly in various so-called 

‘neurodegenerative diseases’, generally observed in the elderly, 

such as Alzheimer's disease, multiple sclerosis, Parkinson's 

disease and amyotrophic lateral sclerosis that negatively 

affect mental and physical functioning. Causative agents of 

neurodegeneration have yet to be identified. However, recent 
data have identified the inflammatory process as being closely 
linked with multiple neurodegenerative pathways, which are 
associated  with depression, a consequence of neurodegen-

erative disease. Accordingly, pro-inflammatory cytokines 

are important in the pathophysiology of depression and 

dementia. These data suggest that the role of neuroinflam-

mation in neurodegeneration must be fully elucidated, since 

pro‑inflammatory agents, which are the causative effects of 
neuroinflammation, occur widely, particularly in the elderly 
in whom inflammatory mechanisms are linked to the patho-

genesis of functional and mental impairments. In this review, 
we investigated the role played by the inflammatory process 
in neurodegenerative diseases.
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1. Introduction

The degeneration of the central nervous system (CNS) is 

characterized by chronic progressive loss of the structure and 

functions of neuronal materials, resulting in functional and 

mental impairments (1). While the causes associated with 
neuronal degeneration remain poorly understood, the inci-

dence  of neurodegeneration increases with age, in mid‑to‑late 
adult life (2). This phenomenon, which mainly affects elder 
individuals (3,4), occurs in neurodegenerative diseases such as 

Alzheimer's disease (AD), multiple sclerosis (MS), Parkinson's 

disease (PD), amyotrophic lateral sclerosis (ALS) following 
viral infections. Viruses are able to directly injure neurons by 

direct killing or induction of apoptosis (5) to leading to neuro-

degeneration (6,7). Similarly, in MS, the pathological features 

involve the permeability of the blood brain barrier (BBB), the 

destruction of myelin sheath, damage of the axon, the forma-

tion of glial scar and the presence of inflammatory cells, mostly 
lymphocytes infiltrated into the CNS (8). The loss of myelin 
is manifested in clinical symptoms together with neuropathic 
pain, paralysis, muscle spasms and optic neuritis (9).

Neurodegeneration induced by viruses, is noteworthy since 
it refers to the interaction between the CNS and environmental 
and viral factors, and suggests an important role of immune 

response in neurodegeneration (10). Immune activation in the 

CNS, always present in viral infections, immune‑mediated 
disorders, and neurodegenerative diseases (11), involves 

microglia and astrocytes (12) which constitute the resident 
immune cells of the CNS and play an important role in the 

regulation of homeostasis of the brain during development, 

adulthood and aging (13). In the CNS, microglia constantly 

survey the microenvironment by producing factors that influ-

ence surrounding astrocytes and neurons (14), particularly 

in response to pathogen invasion or tissue damage thereby 

promoting an inflammatory response that further engages 

a self-limiting response through the immune system and 

initiates tissue repair (15). However, inflammation in tissue 
pathology that may result in the production of neurotoxic 

factors amplifying the disease states, indicates the persis-

tence of inflammatory stimuli or failure in normal resolution 
mechanisms (16,17). Accordingly, specific inducers of inflam-

mation associated with neurodegenerative diseases converge 
in mechanisms responsible in the sensing, transduction and 

amplification of the inflammatory processes that result in 

the production of neurotoxic mediators, such as cytokines 

and interleukins (18,19). These neurotoxic mediators are, in 
general, associated with several neurodegenerative diseases 
including AD, MS, PD and ALS, which are commonly 
linked to intracellular mechanisms such as the degradation of 

protein, the dysfunction of mitochondria, the defects of axonal 

transport and apoptosis (20-22). Inflammation associated 
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with AD, MS, PD and ALS is not typically the initiating 
factor of neurodegenerative disease. However, the emerging 
evidence on the sustained inflammatory response associated 
with the contribution of microglia and astrocytes in disease 
progression, suggest contributory important roles of effectors 

of neuroinflammation in neuronal dysfunction and death. In 
this review, we assessed the role played by these inflammatory 
processes in neurodegenerative diseases.

2. Sources of neuroinflammation

Vascular dementia and neuroinflammation. The cellular 

and molecular mechanisms of neuroinflammation are likely 
the same in aging and metabolic diseases such as hyperten-

sion, diabetes, depression, dementia or after cerebral insult 

such as stroke (23), and are considered as silent contributors 

of neuroinflammation (Fig. 1). In the elderly, inflammatory 
mechanisms have been associated with the pathogenesis of 
dementia and functional impairment. Systemic and local 

CNS inflammation significantly contributes to cerebral small 
vessel disease (SVD)-vascular dementia (24,25), hypothesized 

as microvascular changes that result in a state of chronic 

hypoperfusion, leading to continuous oligodendrocyte death 

and the consecutive degeneration of myelinated fibers that 
increase low‑grade inflammation amplification of the risk 
of stroke (26). Another major risk factor for stroke and CNS 

tissue destruction is atherosclerosis, the disease of arteries that 

is characterized by vascular inflammation occasioned by the 
infiltration of monocytes into the injured vascular wall and an 
increase of interleukin (IL)‑6 associated with future intracra-

nial large artery stenosis progression after a stroke episode (27). 

Additional markers of inflammation such as C‑reactive protein 
(CRP), which are well established in cardiovascular disease 
as strong predictors of subclinical and clinical atherosclerosis 

and progression of hemorrhagic stroke, were identified in 
SVD (28‑31). Furthermore, adipose tissue dysfunction identi-
fied in obesity and hypertension, contributes to chronic and 
low‑grade inflammation, predisposing to type 2 diabetes 
mellitus (DM) and cardiovascular disease (32,33) and could 

determine a worse outcome in stroke patients (34). Mortality 
in DM is primarily attributed to micro- and macro-vascular 

complication as well as sensory neuropathic complications, 
exacerbating the consequences of vascular disease. Sensory 
neuropathy promotes foot ulcers and abrogates warning 
symptoms during a heart attack. However, metabolic inflam-

matory disease (mataflammation) (35) occurring in unhealthy 
nutritional habits, can lead to a series of disorders and diseases 

such as CVD, stroke, hypertension, insulin resistance, meta-

bolic syndrome and DM. Lipid hormone (sphingolipids and 

eicosanoids), cytokines and adipokines play an important role 

in mataflammation through the induction of adverse regula-

tory responses in target cells such as macrophages.

Depression and neuroinflammation. Normal aging is associated 

with an increase in the expression level of systemic inflamma-

tory factors (36) such as pro‑inflammatory cytokines (37‑39). 
In the brain, this age-associated inflammation manifests 

initially as the chronic activation of perivascular and paren-

chymal macrophage/microglia expressing pro‑inflammatory 
cytokines together with an increased number of astrocytes (40). 

Accordingly, the chronic activation of pro‑inflammatory signals 
in aging may contribute to an increase in vulnerability to neuro-

psychiatric disorders (41). In obese women, the inflammation 
state was associated with a higher concentration of pro‑inflam-

matory markers including IL-6, CRP and adipokines (42). These 

pro‑inflammatory markers correlated positively with symptoms 
of depression and anxiety (43). Anxiety was alleviated with 
the reduction of inflammation following the surgical removal 
of fat tissue (44). In agreement with those findings, metabolic 
diseases such as obesity, hypertension, and being elderly are 

prevalent risk factors of depression, cognitive dysfunction and 

dementia (45) and there is an increase onset risk of aging-related 

diseases affecting the cardiovascular, cerebrovascular, neuroen-

docrine, metabolic, and immune systems in patients suffering 

major depression (46,47).

Although biological mechanisms of depression are poorly 

understood, conventional antidepressant treatments procuring 

beneficial effects were unsuccessful on one‑third of depressed 
patients due to the inflammation that contributed to treatment 
resistance (48). The putative mechanism linking inflammation 
and depression involved oxidative stress, elevated pro‑inflam-

matory cytokines IL‑6 and IL‑8 (49), endothelial nitric oxide 
synthase uncoupling and hyperglutamatergia. Accordingly, 

indirect evidence of neurovascular dysfunction have been 

found in major depressive disorder (MDD) (50,51), a severe 

psychiatric illness that is associated with increased levels of 
inflammatory markers in periphery, depression and mortality 
from suicide (52). Therefore, inflammatory markers identified in 
neurodegenerative diseases including MDD cover chemokines, 

adhesion molecules, cytokines and acute phase proteins (53).

Infections and neuroinflammation. Dynamic immune and 

inflammatory responses result from several offences in 

the CNS, of which infection is one (54). A virus can enter 
the CNS through two distinct hypothetical mechanisms, 
including hematogenous dissemination by which the virus 
gains access to the brain by BBB (55), and neuronal retrograde 

dissemination (56). However, it has been suggested that a 
virus can replicate in macrophage and CCR5+ T cells inside 

of the CNS in relation to the development and progression of 

dementia (57), as is the case for HIV proteins gp120 (58) and 
Tat (59) which are respectively able to induce the apoptosis of 
neurons through the enhancement of CXCR4‑PKC (58), and to 
cause neuronal dysfunction through the disruption of miRNA 

expression (59). Most importantly, as in the case of HIV infec-

tion, other viral insults are associated with highly secreted 
cytokines, cholesterol increase, elevations of lipopolysac-

charide (LPS) concentration, insulin resistance, testosterone 

deficiency and APOE4 (60), which are all involved in inflam-

mation of the CNS.

Thus, inflammatory responses appear as the prevalent 

triggering mechanism driving tissue damage that is likely asso-

ciated with different age‑related diseases, as age‑dependent 
upregulation of the inflammatory response is a consequence 
of chronic stress.

3. Neurodegeneration‑induced neuroinflammation

The CNS is an immune‑privileged organ with the innate and 
acquired immune response being closely controlled in relation 
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with the periphery. Evidence suggests that a strong inflam-

matory response in the periphery from systemic LPS (61) or 

viral infections (62) results in the subsequent infiltration of 
leukocytes from the periphery to the CNS with consequent 

neuroinflammation and neurodegeneration. An offense is 

followed by the initial activation of microglia, which induce the 
release of pro‑inflammatory mediators that favour the permea-

bilisation of the BBB. The subsequent infiltration of peripheral 

Figure 1. Sources of neuroinflammation. Aging, metabolic diseases and viral infections are sources of inflammation that can affect vessels and neurons, 
leading to neurodegeneration. SVD, small vessel disease. 

Figure 2. Relationship between microglial activation and neuronal death. Microglial activation may result in the release of neurotoxicity or neuroprotection. 
The increase of neurotoxic molecules favours neuroinflammation or neuronal death leading to neurodegeneration. ROS, reactive oxygen species.
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leukocytes occurs inside of the CNS, including T cells and 

macrophages, which share several functional features with 
microglia (61) including, the expression of toll-like recep-

tors (TLRs), and consequently the ability to be activated 
by aggregated proteins or pathogen-associated molecular 

patterns (61,63); the expression of class II major histocomp-

atibility complex, and the ability to present antigens to CD4+ 

T cells to exert an influence on the functional phenotype of 
T cells (64); as well as the ability to polarise their functional 
phenotype towards inflammatory M1 and anti‑inflamma-

tory M2 phenotypes, which can be influenced by inflammatory 
T cells and the lymphocyte regulatory T cells (65). Therefore, 

subsequent permeability of BBB leads to the possibility that 
peripheral macrophages can acquire a relevant role in the 
outcome of neuroinflammation. Accordingly, the alteration of 
CD4+ and CD8+ T cells has been observed in the periphery 

of neurodegenerative disease patients, suggesting a persisting 

antigenic challenge and that T cells may play a role in neurode-

generative diseases. Of note, the ratio of CD8+ to CD4+ T cells 

or the shift to a Tc1/Th1-type immune response may contribute 

to a harmful brain inflammatory reaction, and the presence 
of antibodies against neuronal antigen observed in neurode-

generative diseases (some of them being pathogenic), solidify 

the involvement of the immune system in neurodegenerative 

diseases (5). Consequently, an acute neuro‑inflammatory 
response is beneficial to the CNS, minimizing the injury by 
activating the innate immune system (66,67). By contrast, 

chronic inflammation is characterized by the long‑standing 
activation of microglia that sustained release of inflammatory 
mediators, leading to an increase of oxidative and nitrosative 

stress which perpetuate the inflammatory cycle (68), further 
prolonging inflammation (54,69), which is detrimental for 
several neurodegenerative diseases (70).

However, cell factors that influence microglial fate invade 
the epithelial cells of the BBB while T cells infiltrate the 
CNS, astrocytes and neurons (71), the most abundant glial cell 

population of the CNS which also participates in the innate 
immune response, triggered as a consequence of constant 
insult during inflammation or infection. Astrocytes are reser-
voirs of HIV‑1, playing significant role in virus‑mediated 
neurodegeneration (17,57). Accordingly, chronic neuroin-

flammation and microglia activation play central roles in the 
pathophysiology of neurodegenerative disease. For example, 

IL‑1‑positive activated microglia, colocalized with amyloid β 

plaques and neurofibrillary tangles in AD or present in degen-

erative motor neuron regions in patients suffering ALS (72) 

lead to abnormal phosphorylation of τ (73). Similarly, 
neurotropic viruses trigger long-term neuroimmune activa-

tion to underlying mechanisms of viral neurodegenerative 

diseases (74). Furthermore, neuroinflammation has been 

associated with either the cause or consequence of chronic 
oxidative stress, a key feature of all the neurodegenerative 

diseases that causes genetic structural alteration, lipid and 

protein, resulting in neurodegeneration. Microglial cells are 

the main source of reactive oxygen species and nitrogen 

species, tumor necrosis-α and glutamate, all of which are 
neurotoxic when released at a high dose after the activation 
of microglia (71,75,76) (Fig. 2), likely due to the stimulus 

from TLRs through the aggregated proteins (77,78) as is the 
case of AD patients (79), (MS) (9), PD (80), and ALS (81).

4. Conclusion

Neuroinflammatory disorders are conditions involving the  

immune response damage component of the nervous system. 

In the CNS, inflammatory effectors derived from innate and 
acquired immune systems as well as glial cells, particularly, 
microglia, act as sensors for disturbed brain tissue homeostasis 

and accumulate locally in response to neuronal cell injury 

or foreign entry in the brain; the differential activation of 

microglia cells being the central point that regulates neuroin-

flammation, which results in neurotoxicity or neuroprotection. 
The environmental exposure is therefore, the critical element 

for the fate of neurons with regard to degeneration or protec-

tion. Additional studies must be undertaken to benefit from 
the versatility of microglia, since activated microglia can 

also produce anti‑inflammatory mediators and neurotrophic 
factors such as insulin‑like growth factor‑1, glial cell‑derived 
neurotrophic factor, brain-derived neurotrophic factors and 

other factors (82‑84), and procure beneficial effects.
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