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Multiple sclerosis (MS) is an inflammatory, demyelinating and neurodegenerative disease of the central 
nervous system (CNS). It is characterized by the destruction of myelin and by glial scarring, forming 
areas of demyelination disseminated in the brain and the spinal cord, and leading to defective nerve 
conduction and to neurological disability. MS is traditionally viewed as a disease confined to the white 
matter. However, an accumulating body of evidence has challenged this earlier concept and demonstrates 
that disability in MS largely results from grey matter pathology and neuronal loss. Dysfunction of 
synaptic neurotransmission is increasingly considered to be a core feature of neurodegeneration in MS. 
Recent studies have in fact shed light on the mechanisms by which inflammation influences GABA 
and glutamate neurotransmission, including neurotransmitter release, clearance and metabolism, and 
receptor function. On the other hand, a growing body of evidence has also identified voltage-gated and 
transient receptor potential vanilloid 1 (TRPV1) channels as key contributors to the pathophysiology 
of MS and of its experimental model, as well as the endocannabinoid and the purinergic systems.  The 
present article aims at summarizing recent findings on the role of neuroinflammation in the synaptopathy 
associated with MS and with experimental autoimmune encephalomyelitis. 
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Amino acids are chiral biological molecules as they can appear both in an L- and D-form but it is 
well-known that only L-forms were selected during evolution as the exclusive constituents of proteins. 
Nonetheless, it is widely recognized that D-amino acids are present both in lower organisms and in 
eukaryotes, including mammals. In particular, free D-serine and D-aspartate occur in the brain of 
mammals at considerable levels. In particular, D-aspartate occurs at substantial amounts in the embryo 
brain to substantially decrease at post-natal phases. Temporal reduction of D-aspartate levels depends on 
the post-natal onset of D-Aspartate Oxidase, an enzyme able to selectively catabolize this D-amino acid. 
Pharmacological evidence indicates that D-aspartate binds and activates NMDA receptors. To clarify the 
physiological function of D-aspartate, in the last years, genetic and pharmacological mouse models with 
abnormally higher levels of this D-amino acid have been generated. Such animal models have pointed 
out a neuromodulatory role for D-aspartate in the regulation of NMDA receptor-dependent functions 
in crucial brain regions like the hippocampus and striatum. Indeed, increased content of D-aspartate 
are able to modulate hippocampal NMDA receptor-dependent long-term potentiation (LTP) and spatial 
memory of mice. Moreover, administration of D-Asp to old mice can restore the physiological age-related 
decay of hippocampal LTP occurring at ageing. In line with a neuromodulation of NMDA receptor 
functionality, increased levels of D-aspartate abolish long-term depression at corticostriatal synapses 
and minimize the sensorimotor gating deficits induced in mice by treatment with psychotomimetic drugs 
like amphetamine and MK801. Considering the agonistic role of D-aspartate at NMDA receptors and the 
enriched content of this D-amino acid during prenatal and early life, depletion of neuronal D-aspartate 
at developmental phases may be a future pivotal approach to disclose the specific role of this molecule 
on modulation of early brain processes.
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The nematode Caenorhabditis elegans (C. elegans) offers an effective model to study the molecular 
pathways that might be involved in human neurodegenerative diseases, such as Alzheimer disease (AD) 
and Parkinson disease (PD). Despite a vast evolutionary distance between nematodes and humans, a 
cross-species translation of proteins was extensively demonstrated and this greatly facilitates the study 
of human diseases in such simple organisms. Proteomics, as well, is an emerging platform important 
for better understanding of onset and progression of neurodegenerative diseases. In addition to protein 
expression levels, proteomics can be applied to identification of post-translational modifications (i.e. 
acetylation, phosphorylation, etc.), which are key regulators of protein functions. Further, the recent 
development of redox proteomics approach as for the identification oxidatively modified protein in 
different animal models of neurodegenerative diseases has led to novel results that correlate with human 
findings. In the present review, redox proteomics studies performed on C. elegans models of AD and 
PD are summarized. The results demonstrated that several proteins involved in energy metabolism, 
protein degradation, mitochondrial function, and organismal structures, are common targets of 
oxidative modification and may play a crucial role in the neurodegenerative process. These findings 
provide a strong rationale for using C. elegans models for specific studies aimed to identify the molecular 
pathways perturbed in these diseases, to confirm their relevance in human disease and to eventually 
provide insight into therapeutic intervention. 
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Mitochondria play a pivotal role in a number of biochemical processes in the neuron including 
energy metabolism and ATP production, intracellular Ca2+ homeostasis and cell signalling which are all 
implicated in the regulation of neuronal excitability. For this reason, it is not surprising that alterations in 
mitochondrial function has emerged as a hallmark of aging and various age-related neurodegenerative 
diseases in which a progressive functional decline of mitochondria has been described. The evidence 
that mitochondria are concentrated in synapses, together with the observation that synaptic dysfunction 
identifies an early forerunner of a later neurodegeneration, strongly suggests that significant alterations 
to synaptic mitochondrial localization, number, morphology, or function can be detrimental to 
synaptic transmission and might characterize the early stages of many neurological diseases. Thus, 
the characterization of both molecular players and pathway involved in mitochondria dysfunction will 
provide new chances to identify pharmacological target for new mitochondria-based drugs aimed at 
interrupting or slowing down pathological processes and/or ameliorating symptoms of neurological 
disorders. In this review we provide a current view on the role of mitochondria for neuronal function 
and how mitochondrial functions impinge on neurological diseases.
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Current drugs for Parkinson’s disease (PD) and Alzheimer’s disease (AD) do not interfere with the 
underlying pathogenic mechanisms of these diseases. Much effort is now directed in drug discovery 
to develop disease-modifying drugs able to counteract the progression of these neurodegenerative 
disorders. AD and PD share mechanisms of excitotoxic neurodegeneration which are mediated by an 
overactivation of N-methyl-D-aspartate (NMDA) receptors. Excitotoxic neuronal death is modulated by 
metabotropic glutamate (mGlu) receptors, which can be targeted by subtype-selective ligands. These 
compounds have been recently studied as potential disease-modifying drugs in the treatment of PD and 
AD.   A series of studies suggest that mGlu5 receptor antagonists or negative allosteric modulators (NAMs) 
protect nigro-striatal dopaminergic neurons against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) toxicity in mice and monkeys. mGlu5 receptor antagonists or mGlu5 receptor NAMs have 
been clinically developed for the treatment of PD and L-DOPA-induced dyskinesias. mGlu4 receptor 
agonists/positive allosteric modulators (PAMs) share with mGlu5 receptor NAMs the ability to attenuate 
nigro-striatal degeneration and might be developed in the next future as disease-modifying-drugs for 
PD. Activation of glial mGlu3 receptors promotes the formation of various neurotrophic factors, such 
as transforming growth factor-β1 (TGF-β1) and glial-derived neurotrophic factor (GDNF). Hence, 
selective mGlu3 receptor agonists or PAMs (not yet available) are potentially helpful in the treatment of 
PD and AD. Selective mGlu2 receptor PAMs should be used with caution in AD patients because these 
drugs are shown to amplify β-amyloid neurotoxicity, whereas mGlu2/3 receptor agonists might combine 
neuroprotective and antipsychotic activities in AD patients.
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The human central nervous system displays only very limited auto-regenerative capacity. To mitigate 
the “harsh decree”, as Ramón y Cajal once formulated it, that “everything may die, but nothing may be 
regenerated” research has started to explore and to challenge the plasticity of somatic cells such as to 
abandon their own natural cellular program and to acquire a totally new program of neuronal fabric. 
Indeed the first barriers between cell types have been broken down and induced neuronal cells can now 
be generated in vitro from somatic cells such as fibroblasts, hepatocytes, astrocytes or pericytes, both of 
rodent and human origin. Ultimately, though the goal is to implement such strategies in vivo, with major 
unmet challenges lying ahead. It is here where the fields of cellular lineage reprogramming and adult 
neurogenesis find a common purpose and need to collaborate. 
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With the growth of the aging population and increasing life expectancy, the diagnosis of age-related 
neurodegenerative diseases is predicted to increase 12% by 2030. There is urgent need to develop better 
and novel treatments for disorders like Alzheimer’s, Huntington’s, and Parkinson’s diseases. As these 
neurodegenerative diseases are traditionally defined by the progressive loss of neurons, treatment 
strategies have traditionally focused on replacing neurons lost during disease progression. To this 
end, the self-renewing and multipotent properties of neural stem/precursor cells (NSPCs) that exist in 
the adult brain suggest that NSPCs could contribute to a therapy for replacement of damaged or lost 
neurons. Although a wealth of research demonstrates the proof-of-concept that NSPC transplantation 
has therapeutic potential, there are considerable barriers between the theory of cell transplantation 
and clinical implementation. However, a new view on harnessing the power of NSPC for treatment 
of neurodegenerative disorders has emerged, and focuses on treating neuropathological aspects of the 
disease prior to the appearance of overt neuronal loss. For example, rather than merely replacing lost 
neurons, NSPCs are now being considered for their ability to provide trophic support. Here we review 
the evolution of how the field has considered application of NSPCs for treatment of neurodegeneration 
disorders. We discuss the challenges posed by the “traditional” view of neurodegeneration – overt cell 
loss – for utilization of NSPCs for treatment of these disorders. We also review the emergence of an 
alternative strategy that involves fine-tuning the neurogenic capacity of existing adult NSPCs so that 
they are engineered to address disease-specific pathologies at specific time points during the trajectory 
of disease. We conclude with our opinion that for this strategy to become a translational reality, it 
requires a thorough understanding of NSPCs, the dynamic process of adult neurogenesis, and a better 
understanding of the pathological trajectory of each neurodegenerative disease. 
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A key challenge to adults with Down syndrome (DS) as they age is an increased risk for cognitive 
decline, dementia, and Alzheimer disease (AD). In DS persons ranging from 40-49 years of age, 5.7-
55% may be clinically demented and between 50-59 years, dementia prevalence ranges from 4-55% 
(reviewed in (Head et al, 2012)).  Despite the wide ranges reported for dementia prevalence, a consistent 
feature of aging in DS is the progressive accumulation of AD brain pathologies. By the age of 40 years, 
virtually all have sufficient senile plaques and neurofibrillary tangles for a neuropathological diagnosis 
of AD (Wisniewski et al, 1985). Thus, there is dissociation between the age of onset of AD neuropathology 
(40 years) and increasing signs of clinical dementia. We discuss the hypothesis that frontal impairments 
are a critical factor affecting cognitive function and are associated with white matter (WM) and AD 
neuropathology.  While these may be an early sign of conversion to dementia, we also review several 
other clinical comorbidities that may also contribute to dementia onset.  
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Frontotemporal lobar degeneration (FTLD) is a clinically, genetically and pathologically heterogeneous 
neurodegenerative disorder, characterized by progressive decline in behavior or language associated with 
gross atrophy primarily of the frontal and anterior temporal brain lobes. Three different frontotemporal 
dementia (FTD) variants have been observed: 1) behavioural variant frontotemporal dementia (bvFTD), 
that presents with changes in behavior and personality with frontal predominant cortical degeneration; 
2) semantic dementia (SD), characterized by progressive loss of knowledge about words and objects 
with anterior temporal neuronal loss; 3) progressive nonfluent aphasia, with loss of grammar and motor 
speech deficits. Moreover, FTD can be also associated with motor neuron disease (FTD-MND). FTLD also 
can has clinical and neuropathological overlap with corticobasal degeneration (CBD) and progressive 
supranuclear palsy (PSP). For what concerns the molecular basis of FTLD, until 2006, only a minority 
of familial autosomal dominant FTD and parkinsonism linked to chromosome 17 cases with mutation in 
Microtubule-associated protein tau (MAPT) gene was known. Successively, the Progranulin (GRN) gene 
has been the second FTD-related gene identified on chromosome 17 and mutations in this gene have been 
found in a large proportion of FTD families. Very recently, two different groups reported mutations in 
a non coding intronic promoter region of the chromosome 9 open reading frame 72 (C9ORF72) gene, 
encoding for a protein of unknown function, associated with FTD and ALS. The mutation frequency 
of this gene varies significantly among populations and the clinical presentation is heterogeneous and 
highly variable, also in the same pedigree. Other rare genetic causes of FTD have been identified in 
recent years also based on evidence that FTLD and ALS belong to the same clinic-pathological spectrum: 
mutations in CHMP2B, VCP, TARDP, FUS, and SQSTM1 genes have been reported associated with 
both diseases. Detailed neuropathological studies have described inclusions of hyperphosphorylated 
microtubule associated protein tau, TAR DNA binding protein TDP43, fused in sarcoma (FUS) or 
yet unidentified proteins in affected brain regions. Frontotemporal Lobar Degeneration (FTLD) is 
increasingly recognized as the most common type of early-onset neurodegenerative dementia, with an 
estimated prevalence of 15 per 100000 in the 45-64 year-old population (Rosso et al, 2003; Ratnavalli 
et al, 2002). The progressive degeneration of the frontal and anterior temporal lobes leads to a wide 
spectrum of clinical manifestations in affected patients, including behavioral alterations, impairment 
in executive functions and language disturbances. Three clinical variants have been codified for FTLD 
(Neary et al, 1998), namely behavioural-variant frontotemporal dementia (bvFTD) (Rascovsky et al, 
2011), semantic dementia (SD) and progressive nonfluent aphasia (PNFA) (Gorno-Tempini et al, 2011). 
FTLD often shows a significant clinical and pathologic overlap with the atypical parkinsonian disorders, 
that are corticobasal degeneration (CBD) and progressive sopranuclear palsy (PSP) (Josephs et al, 2006; 
Lee et al, 2011) and could be associated to Motor Neuron Disease (FTD-MND) (Lomen-Hoerth et al, 
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2002; Burrel et al, 2011). FTD represents a genetically and pathologically heterogeneous syndrome with 
a higher rate (25-40%) of familial forms and different genes implicated in etiology.  Familal and sporadic 
forms of FTD share a common pathological substrate, represented by cortical neuronal loss associated 
to intracellular ubiquitin-positive inclusions constituted by aggregated and misfolded proteins, even 
if a close relationship between genetic mutations and pathological alterations is not constant and the 
key role of misfolded proteins in the pathogenesis of disease is unclear. (Rohrer et al, 2011) This review 
highlights the genetic and neuropathological features of familial and sporadic FTLD focusing on the 
growing body of new knowledge on the molecular mechanisms underlying the disease. 
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Tissue engineering aims to recreate the three dimensional arrangement of different neuronal cells, 
their processes and extracellular matrix to produce functional neural tissue. This review compares 
the different strategies for using tissue engineering to treat focal neurodegenerative diseases such 
as Parkinson’s (PD) and Huntington’s (HD) and systemic neurodegeneration found in Alzheimer’s 
(AD).  For systemic neurodegenerative diseases, microparticles are tailored to release therapeutic 
agents over periods ranging from days to a year.  These are delivered to the brain circumventing the 
blood brain barrier. Tissue engineering strategies for repair or replacement of damaged tissue in focal 
neurodegenerative diseases are examined.  Two methods for producing replacement tissue are discussed 
in detail.  One applies differently timed release of growth factors to stem cells to produce astrocytes to 
support neurons, the neurons then their processes, and then finally oligodendrocytes to myelinate the 
axons.  The other is to recreate the gradients of growth factors found during neural development, to 
assemble the different neural subtypes in their correct architecture.  Spinal development offers a model 
system for tissue engineers because its growth factor gradients are well characterised.  A particular goal 
is to recreate the ventral pons which is damaged in Locked-in syndrome as a source of cells for potential 
therapy.  Gradients of neural function such as those found in the spine and hippocampus may owe their 
origin to the gradients of growth factors found in development, and the need to determine whether 
plasticity remains to re-establish gradients of neural function in damaged tissue is discussed.  
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