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IL-10, an immunosuppressive cytokine, is considered an important anti-inflammatory modulator of glial activation,
preventing inflammation-mediated neuronal degeneration under pathological conditions. In this narrative review, we
summarize recent insights about the role of IL-10 in the neurodegeneration associated with neuroinflammation, in
diseases such as Multiple Sclerosis, Traumatic Brain Injury, Amyotrophic lateral sclerosis, Alzheimer's Disease, and
Parkinson's Disease, focusing on the contribution of this cytokine not only in terms of protective action, but also as
possibly responsible for clinical worsening. The knowledge of this double face of the same coin, regarding the biological
role of the IL-10, could aid the development of targeted therapies useful for limiting neurodegenerative processes.
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| 1. Definition

IL-10, an immunosuppressive cytokine, is considered an important anti-inflammatory modulator of glial activation,
preventing inflammation-mediated neuronal degeneration under pathological conditions.

| 2. Introduction

Interleukin (IL)-10, a potent anti-inflammatory cytokine, plays a critical role in balancing immune responses in order to
circumvent chronic inflammatory diseases . It was first described after the analysis for secreted factors by
immunomodulatory CD4+ T helper 2 (Th2) mouse lymphocytes (named as anti-inflammatory cells) that can regulate
CD4+ T helper 1 (Th1) lymphocytes (reported as pro-inflammatory cells) ZIE!,

IL-10 acts in innate as well as in adaptive immunity, both in terms of immunosuppressive and immunostimulatory effects,
thus, regulating response in many cell types, such as antigen-presenting cells (APCs), including dendritic cells (DCs),
Langerhans cells, and macrophages 4.

Inflammatory responses play a central role in the pathophysiology of several neurodegenerative diseases. In this regard,
neuroinflammation is characterized by the activation of resident glial cells, committed to central nervous system (CNS)
immune surveillance, through the release of cytokines, chemokines, and other mediators, which, in turn, are able to recruit
peripheral cells, including lymphocytes, monocytes and neutrophils 21!,

In the course of CNS pathology, the levels of IL-10 significantly increase in the brain in order to ensure nervous tissue
survival and mitigate inflammatory responses triggering several signaling pleiotropic pathways 4.

| 3.1L-10 in Brain Diseases

Multiple sclerosis (MS) is an immune-mediated, inflammatory disease characterized by multifocal areas of demyelination
in the CNS. The exact cause of MS is not yet well clarified, but it was reported that increased cytokine levels seem to play
a crucial role in its pathogenesis, although it is not clear whether it leads to a beneficial or harmful effect. Among these
cytokines, TNFa, IFN-y, IL-1, IL-6, and IL-12 resulted positively correlated to the severity and progression of MS. Apart
from the aforementioned cytokines involved in pro-inflammatory effects observed in the CNS of both MS patients and in
animal models, there is evidence for the presence of several other cytokines, including IL-10, actively implicated in anti-
inflammatory events in an attempt to assure the axonal and myelin integrity [&l.

The genetic polymorphism related to the IL-10 gene responsible for the reduced expression of this cytokine has been
related to the onset of MS symptoms in patients . These observations were confirmed by what was found in mouse
models of experimental autoimmune encephalomyelitis (EAE), in which the increase in IL-10 levels leads to symptoms



reduction 9. In this regard, other authors also reported that IL-10 expression in the CNS correlates to the onset of the
recovery phase of EAE (11122,

Although MS is primarily considered a T cell-mediated disease, successful B cell depletion with anti-CD20 monoclonal
antibodies 13 suggests that these cells play an indispensable role in MS pathogenesis. Recently, it was also observed
that B cells exhibit regulatory functions through TLR and CD40-mediated IL-10 production. In MS, TLR4- or TLR9-
mediated signaling plays distinct roles in regulating IL-10 production by B lymphocytes. B cells from MS patients are
deficient in their capacity to produce IL-10 after either TLR9 or CD40 stimulation, whereas TLR4-mediated IL-10
production was restored to normal levels in MS and further increased at relapse in the presence of CD40 signaling, thus,
demonstrating that regulation of TLR4 and CD40 signaling in B cells may be a promising novel approach for MS therapy
(241 Consistent to this finding, previous studies reported that CD40 stimulation triggered continuous IL-10 production by
human B cells in response to TLR stimulation correlating with B cell-mediated recovery from EAE by IL-10 production 2]
(18] promising a novel therapeutic approach for MS.

Furthermore, the employment of reinfusion of CD40-dependent IL-10-secreting autologous functional B cells was resulted
to be an innovative and efficacious in vivo treatment for severe autoimmune diseases resistant to current therapies,
including MS 4,

Traumatic brain injury (TBI) is characterized by a complex devastating injury with a broad spectrum of symptoms and
disabilities, in which neuroinflammation plays a crucial role, being both protective and detrimental for brain compartments.

In this context, the release of mediators causing inflammation, such as pro-inflammatory cytokines and free radicals,
although mainly produced for guaranteeing nervous tissue repair, is responsible for blood—brain—barrier (BBB) damage,
leading to ischemia and cerebral edema 28], |t is well documented that IL-10 levels in humans and experimental animal
models resulted significantly augmented both in the serum and CSF after TBI tending to remain elevated several days
later 18], Different experimental models, both in vitro and in vivo, evidenced that in ischemic strokes, IL-10 is implicated in
neuroprotective action other than being an interesting and clinically useful diagnostic tool in TBI patients 220121

Conversely, other studies reported that elevated IL-10 levels correlate with severity and mortality in severe TBI 22, |n

addition, higher levels of IL-10 in CSF were significantly associated with mortality both in pediatric and in adult patients
23]

A recent study reported that transplantation of mesenchymal stem cells engineered to overexpress IL-10 can reduce
inflammation, determining a favorable outcome to the injured area. This result has been explained through the shifting of
macrophages from pro-inflammatory to a pro-repair phenotype, thus, emphasizing the possible employment of IL-10
overexpression as a new therapeutic strategy for TBI treatment [24],

Among neurodegenerative diseases, Amyotrophic lateral sclerosis (ALS) is characterized by a rapid loss of motor
neurons, both in the brain and spinal cord, that leads to paralysis and ultimately, death, in which neuroinflammation is one
of the more frequently investigated key features 25, Recent studies conducted in an animal model of ALS evidenced a
specific role for IL-10 in the early stage of disease, clearly demonstrating that this cytokine plays a crucial role in
orchestrating the immune responses of microglial cells 28 In this regard, targeted overexpression of IL-10 in microglia
seems to have therapeutic potential in ALS, since IL-10, assuring a microglial neuroprotective phenotype, delays neuronal
dysfunction. As confirmation of this last observation, it is noteworthy that IL-10 production becomes deregulated with
aging, resulting in reactive microgliosis and neuronal stress [24.

Other observations revealed characteristic changes in the levels not only of pro-inflammatory cytokines TNF-a and IL-6,
but also of the anti-inflammatory cytokine IL-10, both in the spinal cord and in the serum of mice injected intraperitoneally
with the IgG from the ALS patients accompanied with subclinical signs of motoneuron diseases, thus, evidencing the
importance of the delicate balance between the pro- and anti-inflammatory mechanisms in neurodegeneration such as
ALS [28] Moreover, it was reported that IL-10 levels resulted high in ALS patients exhibiting a slowly progressive course or
mild symptoms, thus, suggesting a possible neuroprotective action by this cytokine 2. Su et al. B4 showed that
depending on the cytokines found in plasma of ALS patients, shorter (IL-1p and IL-12) or longer (IL-10) disease duration
can be predicted, thus, suggesting that a lesser degree of inflammation might be associated with more favorable
prognosis. In another study described by Ehrhart B no significant differences were observed in terms of anti-
inflammatory IL-4 and IL-10 cytokine concentrations in ALS patients versus control subjects. Therefore, at present, there
is little information regarding the exact role of IL-10 during ALS in order to reach conclusive outcomes.



In a recent study, Jin M. et al. have studied the immune profile of peripheral blood and the serum cytokine pattern of 73
ASL patients, finding that the immune profile was shifted towards a Th1/Th17 cell-mediated pro-inflammatory response.
Moreover, because the serum pro-inflammatory cytokines such as IL-1f, IL-6 and IFN-y increased, whereas the anti-
inflammatory IL-10 decreased, the authors correlated these events with disease severity and progression 22,

Alzheimer’s disease (AD), the most common cause of dementia in older adults, is a chronic neurodegenerative disease
characterized by progressive loss of brain cells, formation of extracellular amyloid B (AB) plaques and intracellular
neurofibrillary tangles B2l Although the role of inflammation in AD is still uncertain, the increased expression of
inflammatory mediators in the brains of AD patients and several epidemiological studies evidence a link between the use
of anti-inflammatory drugs and the course of disease.

Pro- and anti-inflammatory cytokines are both decisive for the Ap plaques’ onset in the brains of AD patients. In the aging
brain, a combination of cytokines, such as IL-1pB, IL-6, IL-8, IL-10, IL-12 and TNFaq, is reported to trigger inflammatory
processes associated with cortical atrophy 24,

To evaluate cerebral inflammation in AD, amnestic Mild Cognitive Impairment (aMCI) patients and aged matched healthy
volunteers, Cisbani G et al. used radioligands targeting TSPO, a translocator protein strongly expressed in microglia and
macrophages during inflammation, in conjunction with positron emission tomography (PET) imaging. Analyzing the
association between candidate peripheral biomarkers (including amyloid beta, cytokines and serum total fatty acids) with
brain TSPO levels, they found that serum IL-6 and IL-10 are higher in AD compared to the aMCI and healthy volunteers,
whereas serum amyloid beta, cytokines and fatty acids were generally not correlated with neuroinflammation 2,

Moreover, apart from evidence reporting that IL-1 (3 is the most important pro-inflammatory cytokine contributing to an
increased AD incidence, a weak expression of anti-inflammatory cytokines, including IL-10, exposes the subjects to a
greater susceptibility to develop disease 9. In this regard, IL-10 overexpression in the hippocampus of AD transgenic
mice has been reported to increase neurogenesis and enhance cognition, thus, evidencing the probable neuroprotective
role played by IL-10 in this pathological condition 8],

Conversely, other studies seem to support a detrimental effect by IL-10 causing AB clearance, inhibition in microglia, and
worsening cognitive decline in AD mouse models 27, |L-10 genetic ablation in APP/PS1 mice led to significant decline of
the area interested by AP plaques’ presence, both in the cortex and hippocampus. In addition, it was observed that the
severity of cerebral amyloid angiopathy, characterized by the deposition of A within the blood vessels walls, was also
reduced in this animal model 281, On the other hand, a recent study 9 reported that promoter haplotypes of IL-10 may be
important modulators of the development of amnestic mild cognitive impairment, thus, confirming previous observations
regarding the linkage of polymorphisms in the promoter region of IL-10 and risk factors of AD 49,

Parkinson’s disease (PD) is a progressive nervous system disorder due to nigrostriatal dopamine neurons loss and is
characterized by several clinical features, including bradykinesia, rigidity, tremor, and postural instability.
Neuroinflammation is an important risk factor that may contribute to PD pathogenesis, since PD patients suffer from
chronic inflammation that probably precedes neurodegeneration and cytokines produced by activated microglia in the
substantia nigra (SN) and putamen in the course of PD [21],

It was observed in the brains in the LPS-induced PD mouse model that IL-10 decreased the number of activated microglia
with a protective effect regarding the loss of dopaminergic neuron 2. Moreover, PD patients with more severe clinical
signs and a prognostically unfavorable non-tremor form show drastically reduced serum levels of IL-10 3], Alternatively,
high plasma IL-10 levels have been detected in PD patients with classical motor symptoms in comparison to healthy
controls 44 However, in another study, it was reported that IL-10 levels seem not to be correlated to hon-motor symptoms
5] |n addition, Li et al. detected both elevated levels of IL-1p and depressed levels of IL-10 in the peripheral blood of
patients with PD-related pain, thus, suggesting the implication of several inflammatory cytokines, including IL-10, in the
occurrence of PD-related pain 48!,

Various studies have investigated a possible correlation between IL-10 polymorphisms and potential risk of PD onset. In
this regard, some observations evidenced no association 4748l ajthough other studies showed that IL-10 promoter
polymorphisms—819 and —1082 seem to be associated with PD risk and early PD occurrence 42,

A recent report showed increased peripheral concentrations of IL-6, IL-1B, TNFa, IL-2 and IL-10 in patients with PD B,
Similarly, in the analyses of newly diagnosed PD patients, IL-1B, TNFa, IL-2 and IL-10 resulted elevated 1. Although IL-
10 generally has effects able to oppose the actions of the pro-inflammatory cytokines, its bioactivity is highly complex in



the immunoregulation, including both immunosuppressive as well as immunostimulatory activities, as previously reported
KA

Interestingly, a correlation between IL-10 levels and gastrointestinal symptoms in the early stage of PD was also recently

reported, thus, reflecting a protective response against inflammatory processes associated with the disease 52,

These observations suggest not only that certain inflammatory cytokines may be implicated in the occurrence and clinical

symptoms of PD, but also that IL-10 may constitute a potential target for the development of new drugs.
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