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We demonstrated that mutations in the genes related to mitochondria might contribute to the CNS
inflammation, affecting peripheral and glia-dependent immune responses.

Our results also provided new insights iInto the neuroprotective mechanisms of BCG vaccine, useful
for the development of therapies

Our recent research has shown that Parkin, an E3 ubiquitin ligase, modulates

peripheral immune cells-mediated immunity during experimental autoimmune encephalomyelitis (EAE).
Furthermore, we demonstrated that PTEN-induced putative kinase 1 (PINK1) protein, which acts
upstream of Parkin in a common mitochondrial quality control pathway, plays an age-related role in
modulating the peripheral inflammatory response during EAE, potentially contributing to the
pathogenesis of neuroinflammatory and other associated conditions.

Furthermore, we demonstrated the efficacy of BCG Tokyo-172 vaccine in suppressing actively induced
and spontaneous EAE models. Age-related neurorotection was associated with reduced proliferation of
splenic T-cells, an elevated frequency of interleukin-10 secreting CD8+ T cells in the spleen and a
polarization of microglia and astrocytes towards an anti-inflammatory phenotype.
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Neurodegeneration appears to be closely linked to neuroinflammation in several diseases,
and a consistent factor across all these conditions is the prolonged activation of local microglia,
astrocytes, and innate immune response. However, the specific pathophysiological mechanisms
responsible for neurodegeneration remain largely unknown. Despite increasing evidence
suggesting that reactive astrocytes have a dual phenotype, the precise molecular processes
driving these changes are still subject to ongoing debate. Numerous clinical and preclinical
studies have demonstrated alterations in the blood-brain barrier permeability among patients
with neurodegenerative disorders, implying potential interactions between inflammatory cells

in the peripheral system and astrocytes and microglia in the brain.

Given the numerous unresolved inquiries surrounding the intricate mechanisms through
which inflammatory cells influence the initiation and advancement of neurodegeneration, as
well as the role of astrocytes in the specific vulnerability of the central nervous system (CNS)
to such diseases, the objective of this project is to shed light on the molecular and functional
diversity of astrocytes and their interactions with microglia. Moreover, we studied the impact
of mitophagy and aging on neuroinflammation and neurodegeneration. By doing so, we aim
to unravel the underlying mechanisms responsible for the pathogenesis and progression of

neurodegenerative disorders.

To accomplish our objective, we performed both clinical and animal studies. We employed the
MOG-induced experimental autoimmune encephalomyelitis (EAE) model, that simulates
acute inflammation within the central nervous system and is characterized by the disruption
of the blood-brain barrier. We generated mice lacking the PARK2 and PINK1 genes, which
are primarily responsible for facilitating the removal of damaged mitochondria through a
process known as mitophagy. These mice were of varying age groups, including young,
middle-aged, and elderly individuals. By utilizing techniques such as immunohistochemistry,
T-cell proliferation assays, fluorescence-activated cell sorting, and enzyme-linked
immunosorbent assay, we were able to gather substantial evidence elucidating the
underlying mechanisms implicated in the development and progression of neurodegeneration.

Importantly, our research shed new light on the functions of astrocytes in this context.

Before we reported a statistically significant increase in the levels of PARKIN and PINK1 in
the CSF and paired serum samples of patients with multiple sclerosis in the acute phase,
highlighting the importance of mitophagy in the etiopathogenesis and progression of

neuroinflammatory disorders (Figure 1).
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Figure. Concentration of PINK1 and
PARKIN detected by ELISA in bodily

fluids of patients with
neuroinflammatory and
neurodegenerative diseases and

controlsubjects.

Concerning the animal research, the deletion of Parkin and PINK1 genes at a systemic level

leads to an aggravation of EAE, characterized by increased disease severity. Mutations in

these genes contribute to inflammation in the central nervous system, affecting both

peripheral immune responses and immune responses mediated by glial cells. Notably,

dendritic cells, neutrophils, and other innate immune cells may play a pivotal role in

promoting the activation of microglia and astrocytes. The impairment of mitophagy, the

process responsible for eliminating dysfunctional mitochondria, appears to modulate the

functioning of the immune system within the CNS. Moreover, biological aging significantly

influences the progression of autoimmune neurcinflammation. Remarkably, the age-related

influence of Parkin and PINK1 proteins manifests in various subsets of innate and adaptive

cells at different stages during active EAE development.
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Figure. Clinical characteristics of EAE in wild type and Parkin knockout mice. Compared to the wild type

controls, the Parkin knockout mice showed an earlier onset and greater severity of EAE with a greatly

increased number of CD8af+TCRapB+ T cells in the spleen and brain as well as a stronger T-cell proliferative

response and an altered cytokine secretion in splenocytes.
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Figure. Distinct phenotypic profiles of T cells, cytokines, and T cell response in the spleen of
Parkin knockout mice. Flow cytometry revealed an increased frequency of CD8+ (D, F) and
v/8 _T cells (E, G) in the spleen cells isolated from EAE mice during the acute and recovery
phases of EAE.
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Figure. EAE development in PINK1knockout mice. Graph reports EAE mice clinical score
evaluated daily. Compared to young wild-type controls, PINK1-/- mice showed earlier disease
onset, albeit with a slightly less severe disease, while adult PINK1-/- mice displayed early
onset and more severe acute symptoms than controls, showing persistent disease during the
recovery phase. In adult mice, EAE severity was associated with significant increases in
frequency of dendritic cells (CD11C+, IAIE+), lymphocytes (CD8+), neutrophils (Ly6G+,
CD11b+),
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Figure. Histological and immunohistochemical analysis of the spinal cord tissue among
groups during the EAE acute phase, showed a massive macrophage (CD68+) infiltration
and microglia (TMEM119+) and astrocyte (GFAP+) in Pink1 knockout mice.
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