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There has been an increasing interest in the role of inflammation
as a common mechanism of disease in a several medical disorders
including cardiovascular and neurodegenerative diseases, diabetes
and cancer [1-3]. Indeed, epidemiological studies found that
inflammation biomarkers may help to predict the development
and progression of these illnesses. In the brain, the inflammation
is generally beneficial and drives the brain responses to dangerous
stimuli. Unfortunately, this beneficial process sometimes gets out
of balance and the neuroinflammatory process persists. Therefore,
it has been possible to associate the progression of damage in
several neurodegenerative diseases to uncontrolled chronic
neuroinflammation, based on levels and pathophysiology of proinflammatory cytokines [4].
Neurodegenerative diseases are defined as hereditary and sporadic
conditions which are characterized by progressive degeneration and/
or death of nerve cells. This causes problems with movement and
mental functioning often associated with atrophy of the central or
the peripheral nervous system. Common neurodegenerative diseases
including Alzheimer’s disease and Parkinson’s disease such as
multiple sclerosis (MS) and Huntington’s disease (HD), are associated
with chronic neuroinflammation. It has been associated a strong link
between pro-inflammatory cytokines and neurodegeneration, both
in clinical data and bench research [5].
Cytokines are soluble mediators of cell communication that are
critical in immune regulation and bidirectional communication
between cells of the nervous and immune systems. T cells can pass
through the blood-brain barrier, it means that they probably can be
responsible for releasing inflammatory mediators in brain during
neurodegeneration. Systemic inflammatory cytokines circulate in the
blood and communicate with neurons in the brain or diffuse from the
blood into the brain parenchyma.
The main reason why it’s important to examine cytokines in
neurodegenerative disease is the ease with which their expression can
be documented in disorders associated with inflammation.
Alzheimer’s disease (AD) is the most common age-dependent
neurodegenerative disorder resulting in a progressive impairment
in memory, judgement, decision-making, orientation to physical
surroundings and language. In AD brain, high expression of
inflammatory mediators has been highlighted in the neighbour of
Amyloid peptide deposits and neurofibrillary tangles. Activated
microglia showed increased levels of cytokines that could increase the
loss of neurons that are damaged by the Amyloid or by disruption
of their cytoskeleton and axonal transport due to accumulation of
tau [6]. Exposure of microglia or PBMC to Amylod beta (Aβ42)
deposits increases production of pro-inflammatory cytokines [7].
In AD brains the increase of chemokines was localised in neurons,
astrocytes and plaques. High levels of pro-inflammatory cytokines,
such as tumour necrosis factor α (TNF-α), interleukin (IL) 1β, IL-6
and the colony stimulating factor, have been found in the brain and
cerebrospinal fluid. Increased peripheral blood levels of IL-1β, IL-6,
TNF-α, TGF-β, and IL-18 suggest that AD may be associated with a
more widespread inflammatory state [8-10]. A cerebrospinal fluid
(CSF) cytokine and receptor profile was proposed as a marker of the
conversion of MCI to AD. Through the examination of mouse models
of AD, have been identified cytokines involved in the maintaining of
inflammatory environment [11-12]. Cytokines associated with the
biochemical diagnostic tools currently used for AD diagnosis, could
be particularly interesting for early diagnosis of AD or for patients
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presenting ambiguous profiles.
MS is the most common chronic inflammatory disorder of the
central nervous system (CNS), which leads to focal inflammatory
demyelinated lesions with secondary neurodegeneration, and which
causes disability in young adults. The immune activation plays a key
role in MS, environmental and genetic factors too are involved in the
MS pathogenesis [13]. The infiltration of T helper (Th)1 cells into the
brain represents the crucial event in the inflammatory processes and
the formation of demyelinating lesions via the secretion of Interferon
gamma (IFNγ ) and TNFα. IFNγ and IL12 are increased in the brain,
the cerebrospinal fluid (CSF) or peripheral blood of MS patients,
particularly when acute exacerbations come to light. IL-18, that acts
as an important link between innate and adaptive immune responses,
participates too in the pathogenesis of MS. In contrast, cytokines
produced by Th2 cells such as IL-4 and IL-10, downregulating
Th1 cells exert antiinflammatory functions and may be beneficial.
Studies in the experimental model of MS (experimental autoimmune
encephalomyelitis, EAE), suggested that IL17 producing cells (Th17)
plays a crucial role in the pathogenesis of the disease. IL-23 is critical
in EAE pathogenesis promoting the expansion of Th17 cells [1415]. Thus, the modulation of Th1/Th2 and Th17/Th2 balance is
aetiologically important during MS progression. Since cytokines
are easily measured and reflect the underlying immunopathology in
the periphery (blood) and/or the CNS, they are proposed as useful
biological markers of MS and potential prognostic markers of
treatment responses [16].
Evidence of chronic inflammatory reactions in the brain of PD
patients is shown by numerous studies [17-18]. Neuroinflammatory
responses in the brain involve cells of the immune system, resident
cells of CNS and protein such as adhesion molecules, chemokines
and cytokines. Microglial activation in the PD brain results in
increased expression of pro-inflammatory cytokines. Expression of
pro-inflammatory cytokines have been demonstrated in the brain of
PD patients and high levels of the same cytokines were detected in
cerebrospinal fluid as well as in serum [19]. It has been reported that
even in peripheral blood mononuclear cells that come from patients
with PD there is an altered production of inflammatory cytokines [20].
In PD patients it has been evidenced a strong correlation between
pro-inflammatory cytokine levels and Hoehn-Yahr scores as well as
disease duration. This correlation supports the idea that a chronically
systemic inflammation state plays a role in the progression of PD.
Multiple studies indicated that there is a cross talk between systematic
inflammation and neuronal damage also in PD [21,22]. Increased
expression of cytokines is been noted in multiple PD animal models,
following administration of 6-hydroxydopamine (6-OHDA) or
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Lentiviral
therapy with a dominant-negative TNF two weeks after 6-OHDA
lesion also prevented the progressive degeneration of DA neurons
and microglial activation, confirming a key role for cytokine signaling
in models of PD [23].
Huntington’s disease (HD) is an autosomal dominantly
progressive neurodegenerative disorder with no available cure,
characterised by motor, psychiatric, and cognitive symptoms.
Several studies have showed microglial activation in the brains of
both premanifest HD patients and post mortem. A parallel immune
activation in CNS and the periphery has been shown. Furthermore,
proteomic profiling of plasma from HD patients has demonstrated
that cytokines are increased earliest in the disease course, before
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the onset of neurological symptoms. Recently, it was showed that,
in HD patients, IL-6, IL-8 and TNF-α inflammatory cytokines were
elevated both centrally and peripherally and increased with disease
progression. Similarly, serum levels of cytokines, were elevated in
several mouse models of HD [24,25].
Numerous studies have confirmed the theory that cytokines
and chemokines and their receptors profile analysis and interaction
between the sympathetic nervous system (SNS) and pro-inflammatory
cytokine production both centrally and peripherally are important
for detailed understanding of the pathological mechanisms
associated with the neurodegeneration. In addition, cytokines may
represent a viable target to improve therapeutic options such as
neutralizing antibodies or receptors antagonist in the treatment of
neurodegenerative disorders. Although, caution must be taken in this
approach because cytokines and chemokines may have key roles in
neurodegeneration and too in neuroprotection. Inflammation should
not only be considered as responsible of the mechanisms underlying
neurodegeneration, but it often shows a protective role in the CNS.
Further studies are needed to fully understand the conditions that
promote cytokine-mediated neuronal degeneration over survival and
they should place particular emphasis on the effects of SNS activity on
local microglial and peripheral responses as well as the contribution
of the peripheral immune system to neurodegeneration.
To consider cytokines and cytokine antagonists as novel
therapeutic approaches, it is necessary improve their effectiveness
developing more effective methods of administation, the better
combination with other treatments, improve their effectiveness
and minimize their toxicities, extend their biological activity.
The copiousness of studies that link pro-inflammatory cytokine
involvement to neurodegeneration makes this an exciting field of
study with particular clinical relevance.
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