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Abstract: Neuroimmunology is a relatively young science. This discipline has emerged today from
the research field as a mature and fully developed innovative research area that integrates not only
pure topics of neuroimmunology, but also expands on wider fields such as neuroplasticity, neuronal
reserve and neuromodulation in association with clinical events, amongst which behavioral disorders
stand out. The Cuban School of Neuroimmunology—a recent meeting that took place in Havana,
Cuba—focused on topics based on the molecular mechanisms of neuroinflammation in neurological
disorders involving behavioral manifestations, such as multiple sclerosis (MS), autism, cerebellar ataxias,
Alzheimer´s disease and stroke among others, as well as on the use of new interventional technologies
in neurology. Professor Luis Velazquez, from the Cuban Academy of Sciences, dictated an interesting
lecture on Spinocerebellar ataxias, a genetic disorder where recent hypotheses related to the influence of
neuroinflammation as a neurobiological factor influencing the progression of this disease have emerged.
At the same time, the use of new interventional technologies in neurology was discussed, including
those referring to novel disease modifying therapies in the course of MS and the use of transcranial
magnetic stimulation in several neurological diseases, the latter reinforcing how interventional strategies
in the form of non-invasive bran stimulation can contribute to physical rehabilitation in neurology.
This paper summarizes the highlights of the most relevant topics presented during the First Cuban
School of Neuroimmunology, organized by the Cuban Network of Neuroimmunology, held in June 2019.
Keywords: neuroimmunology; neurodevelopmental disorders; Strock neurodegenerative disorders;
non-invasive brain stimulation; Demyelinating disease; SCA2 Cerebellar Ataxy; neuroimmunomodulation

1. Introduction
Neuroimmunology is a relatively young science. This discipline has emerged today from the
research field as a mature and fully developed innovative research area that integrates not only
pure topics of neuroimmunology, but also expands on wider fields such as neuroplasticity, neuronal
reserve and neuromodulation. Several diseases were revised in interesting lectures to offer a major
understanding of the molecular processes underlying neuroimmune pathology in neurodegenerative,
neurodevelopmental and neurovascular diseases, as well as to understand some vulnerabilities
occurring in these disorders [1–5].
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cytokine receptors. In basal conditions, they secrete small quantities of cytokine TNF (tumor necrosis
factor) and express only TNFR1 (tumor necrosis factor receptor 1). When exposed to inflammation,
TNF production is increased, as well as the expression of TNFR2, which is commonly expressed by
immune cells. TNFR2-astrocytes can generate both anti-inflammatory astrocytes able to express TGF
(tumor growth factor) and IL-10 and pro-inflammatory astrocytes which are able to release chemokines
and attract T lymphocytes, which, in turn, release interferon gamma (IFNγ), inducing the expression of
MCH class II in astrocytes, and transforming them into antigen-presenting cells.
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Guanosine Neuroinflammation and Neuroprotection
Roberto Farina de Almeida, Elaine Elisabetsky and Diogo Onofre Gomes Souza. E mail:
almeida_rf@yahoo.com.br
Inflammation in the central nervous system (CNS) plays an important role in several brain
disorders [12]. Glutamate, an excitatory neurotransmitter essential for most brain activities, has been
considered relevant to the pathogenesis of neuroinflammation, contributing to the development of
several acute and chronic brain injuries [13]. The main process responsible for maintaining extracellular
glutamate levels below toxic concentrations, thus favoring the physiological glutamatergic tonus,
is the glutamate uptake activity of glutamate transporters located in neural cell membranes, mainly
in astrocytes [14]. In this context, our group presented strong evidence that systemic guanosine
(GUO) administration is effectively neuroprotective against glutamate toxicity and neuroinflammation
in different protocols that mimic several brain disorders, in both in vitro and in vivo studies, Figure 2 [15].
These results point to a potential applicability of the neuroprotective effects of GUO in putative
translational studies [16]. In this topic, the relevance of these data were discussed, accompanied
by our more recent results regarding the potential antidepressive-like effect exerted by acute and
chronic GUO treatment in mice submitted to a well-validated animal model of depression. In addition,
we also demonstrated that GUO treatment attenuated hippocampal redox imbalance, accompanied
by a significant modulation in peripheral and central (hippocampal) inflammatory cytokines. In this
line of research, our results establish new perspectives for therapeutic developments regarding the
latest results related with the antidepressive-like effects of acute and chronic GUO in mice subjected to
olfactory bulbectomy, a well-validated rodent model of depression with translational value. In addition
to the behavioral data, we show that GUO attenuates hippocampal redox imbalance and significantly
Behav. Sci. 2019, x, x FOR PEER REVIEW
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Neuroinflammation in Brain Ischemia
Neuroinflammation in Brain Ischemia
Alina González-Quevedo, Marisol Peña Sánchez, María Caridad Menéndez Saínz, Rebeca
Fernández Carriera, Anay Cordero Eiriz, Melany Betacourt Loza. E mail: aglez@infomed.sld.cu
According to the global burden of stroke study conducted in 2013, stroke is the second most
common cause of death worldwide (11.8%), preceded only by ischemic heart disease (14.8%), and it
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According to the global burden of stroke study conducted in 2013, stroke is the second most
common cause of death worldwide (11.8%), preceded only by ischemic heart disease (14.8%), and it
constitutes the major cause of severe neurological deficits in the adult population, ischemic stroke
accounting for ~85% of all strokes [17]. Several intricately interrelated mechanisms are known to
participate in the development of the ischemic lesion, such as excitotoxicity, inflammation, blood–brain
barrier disruption, complement cascade activation and increased free radical release. Nevertheless,
inflammatory signaling is present throughout the ischemic cascade, from the early acute ischemic
injury that follows arterial occlusion to the final regenerative processes which underlie post-ischemic
tissue repair [18].
Inflammatory and immune components also prevail in conditions preluding the acute ischemic
event: atherosclerosis, the basis of large and medium-sized artery disease, cerebral small vessel disease
and hypertension—the main risk factor for cerebrovascular diseases (twice as important as for coronary
heart disease). Activation of the immune system is thought to increase the risk of stroke. This is mainly
based on the association observed between stroke and antecedent acute and chronic inflammatory
states. Acute brain ischemia also exerts a potent suppressive effect on lymphoid organs, predisposing
the patients
infections, thus complicating the outcome of stroke in terms of morbidity
Behav.
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Figure 3. Inflammation and immunity events preceding and following acute ischemic stroke.
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Most of the traditional disease-modifying drugs are involved in the inflammatory process. In 2019,
three medications were approved for the progressive form of multiple sclerosis (siponimod,
ocrelizumab and cladribine). Therefore, the question is to develop strategies that promote
remyelination and prevent axonal loss. Currently, the pharmacological contribution of the
therapeutic arsenal for multiple sclerosis (MS) treatment during the last 20 years has been focused on
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and cladribine). Therefore, the question is to develop strategies that promote remyelination and
prevent axonal loss. Currently, the pharmacological contribution of the therapeutic arsenal for multiple
sclerosis (MS) treatment during the last 20 years has been focused on targeting the inflammatory
process in the CNS. Both physicians and patients are demanding therapies, focused treatment with
high efficiency, short administration, simple monitoring and a high safety profile. Figure 4 shows the
disease modifying drugs in the market in recent years [21], however there are still unmet needs for
both the clinician and the patient. It is important to be aware of making a good diagnosis and selecting
Behav.
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Spinocerebellar ataxia type 2 (SCA2) is caused by the abnormal expansion of Cytosine-AdenineGuanine (CAG) triplet repeats in the coding region of the ataxin-2 gene (12q24.1). The
epidemiological studies have demonstrated that the highest prevalence rates of SCA2 patients and
SCA2 mutations are in Holguin province, Cuba. The nationwide frequency of SCA2 in Cuba is
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MS through the combination of these new therapies recently approved for RRMS (Relapsing Remmiting
Multiple Sclerosis).
Biomarkers and Prodromal Stage in Spinocerebellar Ataxia Type 2
Luis Velázquez-Pérez. E mail: velazq63@gmail.com
Spinocerebellar Ataxias (SCAs) are a genetically heterogeneous group of autosomal dominant
neurodegenerative disorders. The global prevalence is about 3 cases/100,000 inhabitants and the age at
onset is usually between 2 and 50 years of age. Unfortunately, there is no treatment available for these
disorders. SCA3 is the most common SCA worldwide, followed by SCA2 and SCA6. Spinocerebellar
ataxia type 2 (SCA2) is caused by the abnormal expansion of Cytosine-Adenine-Guanine (CAG)
triplet repeats in the coding region of the ataxin-2 gene (12q24.1). The epidemiological studies have
demonstrated that the highest prevalence rates of SCA2 patients and SCA2 mutations are in Holguin
province, Cuba. The nationwide frequency of SCA2 in Cuba is around 85%.
All patients show a progressive cerebellar syndrome characterized by gait ataxia, incoordination
of the upper and lower limbs and cerebellar dysarthria. They also display slowing of saccadic
eye movements,
peripheral
neuropathy, signs of motor neuron involvement such as fasciculations
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Figure 5. Natural history of the progression of the SCA2 cerebellar ataxia. SARA: Scale for the
Figure 5. Natural history of the progression of the SCA2 cerebellar ataxia. SARA: Scale for the
Assessment and Rating of Ataxia.
Assessment and Rating of Ataxia.

The prodromal stage in spinocerebellar ataxia type 2 provides insight into the physiopathology
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3. Conclusions
Inflammatory processes have been established as major components in the pathophysiology of
neurological diseases, including genetic and non-genetic disorders, which display behavioral
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3. Conclusions
Inflammatory processes have been established as major components in the pathophysiology
of neurological diseases, including genetic and non-genetic disorders, which display behavioral
impairment. Based on this knowledge, this meeting was focused toward the discussion of neuroimmune
mechanisms and neuromodulatory therapeutic approaches related to brain diseases and tools for
their modification. In conclusion, the meeting emphasized the main role of neuroinflammation in the
pathophysiology of these disorders, as well as neuromodulation as an interventional tool to modify or
control disease course and progression.
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