
BMC Neurosci  2018, 19(Suppl 3):67
https://doi.org/10.1186/s12868-018-0466-4

MEETING ABSTRACTS

Abstracts of the 6th Meeting 
of the Neapolitan Brain Group
Naples, Italy. 14 December 2017
Published: 13 November 2018

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

I1  
The Neapolitan Brain Group
M.  Cataldi1, E. Di  Schiavi2, C.  Lucini3, E. Del  Giudice4

1Department of Neuroscience, University of Naples “Federico II”, Napoli, 
Italy; 2Institute of Bioscience and BioResources, IBBR, CNR, Napoli, Italy; 
3Department of Veterinary Medicine and Animal Productions, University 
of Naples “Federico II”, Napoli, Italy; 4Department of Translational 
Medicine, Section of Pediatrics, University of Naples “Federico II”, Napoli, 
Italy
Correspondence: E. Del Giudice (endelgiu@unina.it)  
BMC Neuroscience 2018, 19(suppl 3):I1

The Neapolitan Brain Group (NBG) is a discussion group including 
basic and clinical researchers of the Campania area (and, more gener-
ally, Southern Italy), interested in the study of the physiology and the 
pathophysiology of the diseases of the nervous system. The group was 
founded in 2015 by Professor Ennio Del Giudice of the University of 
Naples Federico II, Department of Translational Medical Sciences (Sec-
tion of Pediatrics).

The group wants to provide an opportunity to meet, in an informal 
atmosphere, scientists from clinical and basic research who wish to 
improve their mutual knowledge and, as far as possible, explore fruit-
ful collaborations.
NBG is open to all those who are interested in clinical and basic neu-
rosciences, in particular young training people, such as doctoral stu-
dents, postdocs, post-graduates, students and trainees of universities 
and other research institutions.
On June 4, 2015, February 4 and April 28, 2016 and December 15, 
2016, the first five meetings were held with short communications, 
while on June 9, 2016 a monothematic meeting for general interest 

was organized on “Molecular, pathophysiological and clinical mecha-
nisms in the neuroprotection of neonatal hypoxia “. In these meet-
ings more than 90 scientists presented their research projects: among 
them basic and clinical researchers, PhD students, postdocs and spe-
cialists from all the Universities of Campania as well as from research 
Institutions such as CNR, TIGEM, SZN and CEINGE.

The NBG past meeting organizers were: Ennio Del Giudice (endelgiu@
unina.it), Carla Lucini (carla.lucini@unina.it), Mauro Cataldi (mauro.cat-
aldi@unina.it), Elia Di Schiavi (elia.dischiavi@ibbr.cnr.it).
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Anton Dohrn, founder of the Zoological Station, was born in Stettin, in 
Pomerania, now part of Poland, in 1840. He studied zoology and medi-
cine but without much enthusiasm. His ideals changed when Ernst 
Haeckel introduced him to the works and theories of Charles Darwin. 
Dohrn became a fervent defender of Darwin’s theory of ‘descent with 
modification’, the theory of evolution by natural selection. He decided 
to devote his life to collecting facts and ideas in support of Darwinism, 
the starting point of a lifelong adventure. During his academic career, 
Dohrn worked at facilities located on the seashore. Here a project 
took shape to cover the globe with a network of stations of biological 
research where scientists could stop, collect material, realize observa-
tions and experiments, before moving to the next station. The choice 
of Naples was due to the biological richness of the Mediterranean Sea 
and the opportunity to develop research of great international impor-
tance in a large, internationally oriented city. He had thought that a 
public aquarium in one of Europe’s largest and most attractive cities, 
with a large influx of tourists, could earn enough to pay for a perma-
nent assistant for the laboratories. Putting together imagination, will-
power, diplomatic skills and a good dose of luck, thanks to the friendly 
support of scientists, artists and musicians, Anton Dohrn overcame 
doubt, ignorance and misunderstanding and was able to persuade 
the local authorities to give him a piece of land in the beautiful Royal 
Park, now Villa Comunale. In 1873 the first building of the Zoological 
Station was finished and the official opening took place in 1875. One 
important feature for the success of the institution was the remarkable 
agility and flexibility of its structure. It was an international institution 
by nature, founded by a German, managed as a family business and 
organized according to the German academic model, but localized in 
Italy, with an opening at the scientific and financial contributions of 
each country and institution. The idea of an agile, flexible, and small 
initiative but full of courage characterized the ‘spirit’ of the Stazione 
Zoologica Anton Dohrn, from its origins. In order to promote the inter-
national nature of the station and to ensure the freedom of research 
and its political and economic independence, Dohrn introduced a 
series of innovative measures, like renting work and research spaces 
for an annual fee, and selling samples and biological preparations. 
Also, Anton Dohrn donated his important library to the Zoological 
Station and requested donations to scientific publishers, academics 
and scientists, as Darwin and Huxley. The bibliographic collections of 
the Stazione Zoologica quickly became an invaluable instrument, still 
unmatched in Europe.

ORAL COMMUNICATIONS
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Brain metabolic DNA (BMD) is not involved in cell division or DNA 
repair but is modulated by learning, sleep memory processing, and 
circadian oscillations. Using routine methods of subcellular fractiona-
tion, newly synthesized BMD from male rats was shown to be localized 
in crude nuclear, mitochondrial, and microsomal fractions and in two 
fractions of purified nuclei. Sub-fractionation of the mitochondrial 
fraction also indicated its prevalent presence in free mitochondria, 
synaptosomes and myelin. Cesium density profiles of homogenate 
and subcellular BMD analyzed after short and longer incorporation 
times strongly suggested that BMD is synthesized by reverse transcrip-
tion in cytoplasmic organelles before acquiring the double stranded 
DNA conformation and being transferred to nuclei. Kinetic analyses 
covering incorporation periods of several weeks provided evidence 
that subcellular BMD undergoes a massive turnover that depends on 
rat age. Recent immunofluorescence data of mouse BrdU-labeled BMD 
have confirmed its cytoplasmic localization and reverse transcription.

Data suggest that BMD might act as a temporary store of cellular 
responses to environmental changes that could be used in forth-
coming experiences. The view supports the concept of a somatic 
genome that is dynamically modulated by adaptation to the 
environment.

O2 
Nerve regeneration in the cephalopod mollusc Octopus vulgaris: 
from images to discoveries
Pamela  Imperadore1,2, Katherina  Orellana3, Graziano  Fiorito1

1Department of Biology and Evolution of Marine Organisms, Stazione 
Zoologica Anton Dohrn, Napoli, Italy; 2Association for Cephalopod 
Research ‑ CephRes, Napoli, Italy; 3Life Science Research, Leica 
Microsystems, Milano, Italy
Correspondence: Pamela Imperadore (imperadore.p@gmail.com)  
BMC Neuroscience 2018,  19(suppl 3):O2

Pallial nerve lesion determines interruption of the circuitry connect-
ing the central nervous system and the periphery, resulting in paral-
ysis of Octopus vulgaris mantle muscles supporting breathing and 
in the loss of the central control of body patterning, at the level of 
the denervated area. Complete functional recovery occurs at about 
30 days for normal ventilation, and about 2 months for reinstating 
the full control of body pattern.
To disclose cellular and structural events occurring in the injured 
nerves we utilized a combination of approaches including multipho-
ton microscopy, that we applied to cephalopods tissues for the first 
time. These allow label-free ‘method’ to distinguish structures, over-
coming the lack of commercial markers designed for this taxon.
We identified inflammatory responses characterized by hemorrhagic 
areas and scar formation, through Coherent anti-Stokes Raman scat-
tering (CARS) and Two-Photon Excited Fluorescence (TPEF). Hemo-
cytes were recognized as major contributor of this response, invading 
all altered tissues and actively proliferating. Nerve fibers swell and 
fragment, giving intense endogenous fluorescence signals (TPEF), 
thus allowing easy recognition of degenerating fibers. Intense regen-
eration of fibers is observed starting in the central stump and later vis-
ible on the opposite side (CARS). The two stumps regenerate toward 
each other, driven by the connective tissue, as recognized using Sec-
ond Harmonic Generation signal (SHG).
Our results show that in octopus: (1) Wallerian degeneration occurs 
in the pallial nerve after lesion, similar to what observed in mammals 
after axotomy; (2) connective tissue guides axons to re-innervate tis-
sue targets and re-establish the lost function.
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Spinal muscular atrophy (SMA) is a genetic neuromuscular disor-
der caused by mutations in the evolutionary conserved Survival of 
Motor Neurons gene (SMN1). The loss of SMN1 induces a selective 
degeneration of lower motor neurons (MNs), leading to progres-
sive muscle atrophy and death, but the pathogenesis of the disease 
and the function played by SMN1 in MNs are still elusive. We used 
C.elegans as an animal model for its powerful genetics and ease 
of nervous system analysis to study SMN1 in vivo function in MNs 
survival. We demonstrated that SMN orthologue, smn-1, is func-
tionally conserved and its depletion in 19 ventral MNs causes an 
alteration in movement, an age-dependent degeneration and neu-
ronal death [1]. We then identified several genes that genetically 
interact with smn-1 for neuron survival. Interestingly some of these 
genes are able to prevent the apoptotic death but not the onset of 
degeneration, while others fully protect neuronal function, integrity 
and survival. By identifying new modifiers of SMN function we are 
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elucidating the molecular mechanisms that underlie neuron degen-
eration. Moreover we are using a medium-throughput drug screen-
ing to identify small synthetic and natural compounds that revert 
the neurodegeneration. Since the only treatment recently launched 
on the market has a limited uptake in many tissues, crucial targets in 
SMA, and presents obvious clinical challenges, the identification of 
new molecular targets and new small molecules will be crucial for 
ameliorating the symptoms of the disease.
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This abstract is not included here as it has already been published [1].
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Overexpression of full-length Amyloid Precursor Protein (APP) associ-
ates with alterations in APP mRNA translation in Alzheimer Disease 
(AD) mouse models and sporadic AD patients. Whether these altera-
tions depend on abnormalities in protein synthesis machinery is not 
well-understood. By performing a polysome gradient analysis in hip-
pocampal samples from hAPPswe mutant mice, we detected a shift 
of APP mRNA on the polysomal fraction which indicates that the mes-
senger are more prone to be translated before (1 month) or shortly 
after (3 months) mice start exhibiting AD symptoms. We observed 
that this shift was associated with decreased phosphorylation of the 
initial translation factor eIF2α We then found that pharmacological 
inhibition of eIF2α dephosphorylation in 3-month-old hAPP mice was 
able to normalize APP levels and to rescue AD hallmarks including Aβ 
levels, dendritic spine defects, episodic memory deficits, and lack of 
memory-induced hippocampal c-fos activation. By identifying an early 
time-window in which eIF2α phosphorylation pathway is paradoxi-
cally downregulated in hAPP mice, our findings reveal that treatments 
increasing eIF2α phosphorylation which shutdown APP translation 
within this time-window globally rescues the AD phenotype.
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Protocadherins (PCDHs) are transmembrane adhesion molecules 
that have been implicated in neural wiring, synaptogenesis and 
neuronal diversity. The expansion of this gene family is seen as a 
vertebrate innovation and appears essential for creating complex 
brains. Drosophila melanogaster and other invertebrates have a 
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very limited set of PCDHs. In the fruit fly the neuronal diversity is 
achieved through Dscam proteins (i.e. Down syndrome cell adhe-
sion molecules).
Over 168 protocadherins were found within the genome of Octopus 
bimaculoides, a mollusc, suggesting that it uses a vertebrate-like sys-
tem to create a complex brain.
We carried out an in silico analysis of the O. vulgaris transcriptome 
and identified putative Ov-Dscam proteins and Ov-PCDHs. By com-
bining a Tblastn analysis with a search for conserved domains using 
the Pfam database, we improved the currently available annota-
tion. In addition, construction of a phylogenetic tree allowed us to 
differentiate various isoforms. Subsequently, we analysed RNA-seq 
expression data of the identified proteins.
We identified a significant number of protocadherins (> 50) in O. 
vulgaris and were able to design specific mRNA probes for in situ 
hybridizations. We will present our preliminary results of the distri-
bution of protocadherin expression within the O. vulgaris brain and 
will overlay it with recent available maps of the dopaminergic sys-
tem in the different brain areas. Finally, we will show that only one 
Ov-Dscam gene is present in the O. vulgaris transcriptome, which 
supports the hypothesis that O. vulgaris, a species closely related to 
O. bimaculoides, developed the same system as vertebrates.
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Pompe disease (PD), or Glycogenosis II, is a hereditary metabolic 
myopathy caused by the deficiency of acid alpha-glucosidase (GAA). 
Typical PD histologic abnormalities are the intralysosomal storage of 
glycogen and the accumulation of autophagic material. It is known 
that autophagy removes oxygen reactive species (ROS), mitochondria 
and damaged proteins. It might be speculated that the impairment of 
the autophagic pathway observed in the PD results in cellular and oxi-
dative stress that may be deleterious for muscle and heart.
To date Enzyme Replacement Therapy (ERT) with human recombinant 
GAA (rhGAA) is the only pharmacological approach for PD.
We evaluated the level of oxidative stress and its effect on the uptake 
of rhGAA in fibroblasts of PD patients and in tissues of PD mouse 
model.
Biochemical tests showed high levels of ROS and lipid peroxidation 
in PD fibroblasts and in disease-relevant organs form the PD mouse 
model (heart, quadriceps, gastrocnemius and diaphragm) with 
respect to the controls. In the same samples we also found reduced 
glutathione levels and disregulation of the stress (p-ERK, pP38MAPK, 
Hsp27) and autophagy (LC3, Beclin1) pathways.
By further increasing stress in cells (by starvation or sodium arsenite 
treatment) we found a reduced efficacy of ERT compared to untreated 
cells. By using drugs that modulate autophagy or antioxidant we 
obtained an attenuation of altered markers and improved internaliza-
tion of rhGAA.
It is reasonable to assume that these secondary abnormalities contrib-
ute to the clinical manifestations of PD and affect the efficacy of ERT; 
therefore, they represent potential therapeutic targets.
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Cellular prion protein (PrPC) is a glycosyl-phosphatidyl-inositol (GPI) 
anchored glycoprotein whose precise function in the brain remains 
elusive but may depend upon its cellular localization. PrPC is able 
to misfold to a pathogenic isoform PrPSc, the causative agent of 
neurodegenerative prion diseases. The PrPSc formation and cellu-
lar propagation has been related to the presence of the PrP recep-
tor 37/67 kDa LR (Laminin Receptor), as well as to a member of the 
prion protein family called Shadoo. The misfolded PrPSc is amyloi-
dogenic and strictly related to expression, intracellular localization 
and association of PrPC itself to cholesterol enriched membrane 
microdomains (lipid rafts).
In this report we show our recent findings related to:

1. The biological effects deriving from the treatment with specific 
37/67 kDa LR inhibitor, NSC47924, on the trafficking and inter-
action between PrPC and its receptor

2. The natural tendency of Shadoo to acquire in neuronal cells 
“prion-like” characteristics, such as misfolding and aggregation 
state, and the existence of its non-translocated ER form, whose 
presence into mitochondria is controlled by the chaperone 
TRAP1.

Altogether our findings contribute i) to reveal NSC47924 inhibi-
tor as a useful tool to regulate PrPC and 37/67 kDa LR trafficking 
and degradation, representing a novel small molecule to be tested 
against prion diseases and ii) to understand the role of molecular 
chaperones and of PrP-related folding intermediates in “prion-like” 
conversion.
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An endocannabinoid-mediated dishinibition of orexin-A express-
ing neurons has been described in the hypothalamus of leptin sign-
aling-defective obese mice, such as ob/ob or mice fed with high fat 
diet, (HFD), concurrently with elevation of orexin-A trafficking and 
release to many target areas. In addition to its role in arousal, the 
orexin system also has been implicated in reward behaviors since 
OX-A injection in the ventrotegmental area (VTA) increases dopa-
mine (DA) release in the prefrontal cortex and nucleus accumbens 
(NAcc) triggering reward-associated behaviors. Here we sought to 
investigate if aberrant OX-A signaling occurs at VTA DA neurons 
of obese mice and if it could enhance DA synthesis and release 
to NAcc and promote reward-associated food seeking behaviors 
and hyperphagia. With this purpose, by exploiting morphologi-
cal, biochemical, pharmacological and behavioral approaches we 
found a significant increase of OX-A release to the VTA of obese 
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mice concomitantly with elevation of DA synthesis and release in 
the VTA and NAcc. The pharmacological treatment with the OX-1R 
antagonist SB334867 was able to lower DA levels to control values 
in the VTA and NAcc of both ob/ob and HFD mice. These data sug-
gest that DA synthesis in the VTA and its release to NAcc are modu-
lated by OX-A signaling and are associated with hyperphagia and 
body weight gain since SB334867 treatment of obese mice reduced 
body weight. These results are of special relevance since aber-
rant OX-A signaling during obesity could trigger the vicious circle 
underlying food seeking reward-associated behaviors, thus con-
tributing to hyperphagia.
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Onecut genes (OC) have been identified in all major groups of 
metazoans and are expressed in the nervous system and in some 
endodermal derived tissues. Their function in liver and pancreas dif-
ferentiation in mammals has been quite well studied, while almost 
nothing is known about their function in neurogenesis and eye for-
mation in chordates.
By using the tunicate Ciona intestinalis and vertebrate zebrafish 
Danio rerio as model systems, we studied the role and the genetic 
cascade of OC genes in photoreceptor cells and in eye formation 
during chordate evolution. The Ciona genome contains a single OC 
gene, while the analysis of the zebrafish genome revealed the pres-
ence of five OC orthologues OC1, OC2, OClike and two gene copies 
of OC3, named OC3a and OC3b. To acquire novel insights into the 
degree of OC gene functional conservation across chordates, we 
performed OC targeted perturbation by transgenic approach in 
Ciona and OC morpholino-mediated knockdown in zebrafish. By dif-
ferential transcriptomic analyses on Ciona OC transgenic embryos 
we set the ground for the identification of OC target genes. The anal-
ysis of OC morphant phenotypes in zebrafish revealed an OC con-
served role in the formation of specific eye neural structures. These 
data insert a new piece in the genetic cascade controlling the speci-
fication of the ocellus and eye and highlight a conserved and impor-
tant role played by OC genes in the control of synaptic transmission 
in various regions of the central nervous system.
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Lysosomal storage disorders (LSDs) are severe childhood condi-
tions (incidence: 1/5,000) caused by inherited defects of lysosomal 
function and often characterized by a neurodegenerative course. 
There is no cure for the central nervous system (CNS) pathology in 
these diseases. Understanding the cascade of events consequent 
to lysosomal dysfunction makes it possible to develop new thera-
pies for LSDs. Data in our laboratory revealed a disease-relevant link 

between lysosomal dysfunction and defective neuronal proteosta-
sis. Alpha-synuclein and CSP-alpha are two presynaptic chaperones 
involved in maintaining normal proteostasis at nerve terminals 
during synaptic activity. By studying mouse models of LSDs we 
demonstrated that lysosomal dysfunction causes accumulation of 
alphasynuclein in amyloid aggregates and increased proteasome 
degradation of CSP-alpha. These events lead to a concurrent loss of 
these two chaperones at nerve terminals that disrupts presynaptic 
proteostasis and function, thus initiating neurodegeneration. Build-
ing upon these findings we are exploring the possibility to slow 
down neurodegenerative processes in LSDs reestablishing the phys-
iological levels of CSP-alpha and alpha-synuclein at nerve terminals. 
Furthermore, characterization of amyloid aggregates showed that 
these deposits are localized in the perinuclear regions of neurons 
and in addition to alpha-synuclein contain several other aggregate-
prone proteins. We are also evaluating the overall impact of amy-
loid aggregation on neuropathogenic cascades in LSDs in order to 
find new therapeutic targets to treat the CNS in these devastating 
disorders.
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EPM1 is the most common type of progressive myoclonus epilepsy 
due to different mutations of the Cystatin B (CSTB) gene, such as the 
null D68 mutation that produces a truncated protein.
CSTB is a widely distributed protein which inhibits proteases of the 
cysteine family, most commonly Cathepsin B (CTSB).
Preliminary in vivo studies show a high expression of CSTB in radial 
glial cells during embryonic cortex development and its importance 
for the maintenance of an appropriate cellular environment, suggest-
ing a non-cell autonomous effect in regulating cell proliferation.
In this study we analyze the role of CSTB in an in vitro model system 
of human brain development, using human cerebral organoids from 
induced pluripotent stem cells (IPSC).
The aim is to assess if the overexpression, obtained by electroporation, 
of CSTB-WT and D68 is able to alter the proliferation of neighboring 
cells.
Proliferating cells were quantified by immunohistochemistry analysis 
showing that the overexpression of either CSTB and D68-CSTB causes 
an alteration of proliferation. Specifically, we detected a significant 
increase of proliferating cells in CSTB-WT electroporated organoids 
and a significant reduction of proliferation in CSTB-D68 electroporated 
organoids.
These results indicate that CSTB has an important function in the niche 
to maintain an appropriate cellular environment regulating the prolif-
eration of neighboring cells in human cerebral organoids, as in mouse 
developing cortex.
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Background
The glutamatergic neurotransmission, particularly the scaffolding fam-
ily of Homer 1 interacting with mGluR5, is associated with stress psy-
chopathology. It has been observed that perinatal stress may increase 
the risk for major psychiatric diseases and that both antidepressants 
and antipsychotics modulate the immediate early gene Homer1a in 
medial prefrontal cortex.
Materials and methods
In perinatally restraint stressed (PRS) rats, i.e., the offspring of dams 
exposed to repeated episodes of restraint stress during pregnancy, we 
investigated: (1) light–dark boxes test (LDB) measuring the time and 
the latency spent in the light compartment; and (2) modifications of 
expression of genes linked to glutamatergic signaling in different 
brain regions related to stress response in radioactive in situ hybridiza-
tion histochemistry.
Results
PRS rats showed significant reduction of time spent in the light com-
partment compared to the control group (p < .01), expressing there-
fore reduced exploratory behavior. PRS rats showed reduced cortical 
and hippocampal levels of Homer1a and mGluR5. The mRNA levels of 
the constitutive isoform Homer1b were also tested, with the result of a 
significant gene expression reduction in the amygdala.
Conclusions
Perinatal stress in rats triggers alterations that make adult offspring 
less resilient to stress, thereby increasing vulnerability to stress-related 
disorders. The present results highlight an involvement of Homer1a 
in a perinatal epigenetic animal model of stress and supports the 
hypothesis of the mGluR5-Homer1 complex as a possible target for 
new therapeutic approaches.
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Background
Aging is the primary risk factors of the most common neurodegen-
erative diseases including Parkinson’s disease. In this line, Parkinson’s 
disease can be seen as a stochastic acceleration or dysfunction of cel-
lular pathways governing cellular senescence. Consequently, a better 
understanding of the molecular pathways underpinning the aging 
process can lead to the development of novel therapeutic strategies.
Material, methods and results
Using high-content screening, we have identified an evolutionary-
conserved signaling pathway that regulates aging. We demonstrate 
that genetic or pharmacological modulation of this pathway provides 
neuroprotection and regeneration in in vitro and in vivo models of 
Parkinson’s disease.
Conclusions
Aging manipulation is foremost attractive as a therapeutic approach 
since it simultaneously targets multiple defensive cellular mechanisms 
rather than on component of the proteostasis network at a time.
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Homeostasis of eukaryotic cells is largely dependent on dynamic com-
partmentalization of the endo-membrane system. The membrane traf-
ficking linking different organelles is essential to maintain a proper 
composition of various compartments as well as to transport various 
molecules to appropriate compartments. Respect to other cell types 
nervous system is more sensitive to alterations of the membrane traf-
ficking. In the last years, we studied the role of endosomal trafficking 
in neurodegeneration focusing on two nervous system disorders, 
Charcot-Marie Tooth disease 4 J (CMT4 J) and a new form of autosomal 
recessive early-onset parkinsonism (PARK20), both caused by muta-
tions of an inositol phosphatase (Fig 4 and Synj1, respectively). Our 
recent investigations show that:

1. Synj1 plays a crucial role in regulating the homeostasis and func-
tions of early endosomal compartments in different cell types and 
in fibroblasts of PARK20 patients;

2. the loss of Fig 4 drastically alters the whole endo-lysosome axis 
(lysosomes, but also late and early endosomes result enlarged and 
more numerous) implying its essential role for the homeostasis 
and function of these compartments.

All together, our data provide evidence for the implication of endo-
somal pathway in neurodegeneration, emphasising the link between 
endosomal trafficking and neurodegenerative diseases.
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Heavy metals are environmental factors whose role in the patho-
genesis of several neurological disorders is taken increasingly into 
account. Alteration of brain manganese (Mn) homeostasis has been 
linked to neurodegenerative diseases, such as Alzheimer and Parkin-
son’s. Strong concern was expressed over Methylcyclopentadienyl 
Manganese Trycarbonil (MMT), an organic Mn-containing gasoline 
additive, due to health risk from long-term exposure. Despite evidence 
of structural and functional damage induced by Mn-based chemi-
cals on dopaminergic (DA) neurons, no in vivo studies on neuronal 
differentiation have been performed. This study aims to investigate 
transcriptional, morphological and behavioral alterations caused by 
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sub-lethal (30–100 µM) MMT exposure during neuronal differentiation 
in zebrafish. Zebrafish is a useful model organism for studying effects 
of neurotoxicants on the nervous system, by virtue of teleost brain 
homologies with the mammalian one. Zebrafish embryos exposed to 
MMT at critical developmental stages of DA differentiation showed 
transcriptional alteration of genes involved in specification, interme-
diate differentiation and maturation of DA neurons. MMT treatment 
was also able to alter morphology, number and size of specific clus-
ters of DA neurons. MMT treatment evoked a hyperactive behavior in 
embryos. Embryos treated with MMT were grown up to 5 months and 
submitted to the Y-maze test for evaluating their behavior. The analysis 
revealed changes in cognitive capabilities affecting exploration, ori-
entation and spatial memory. Collectively, these findings suggest that 
chronic exposure to sub-lethal MMT during neuronal differentiation 
can alter the development of DA neurons and the short- and long-
term behavioural traits controlled by the DA system.
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Inflammation represents the natural body defense to various types of 
insults and is a part of a complex cascade of events, closely linked to 
the activation of the immune system. Although inflammation is linked 
to repair processes, it can be detrimental if dysregulated. Recently, 
clinical and experimental findings have highlighted the importance of 
inflammation in epilepsy, supporting an important role for inflamma-
tory mediators in seizure activity, and suggesting the beneficial effects 
of anti-inflammatory medications for some refractory epilepsy forms. 
In this context, the discovery of new molecules targeting inflamma-
tory pathways gives the opportunity to enrich the repertoire of drugs 
counteracting epileptic seizures. To this aim, we adopt the zebrafish 
model of seizure induced by pro-convulsive agent, the pentylene-
tetrazole (PTZ), to analyze the expression dynamic of inflammatory 
molecules and cells, and investigated the functional role of some 
inflammatory pathways. Moreover, to explore the degree of phyloge-
netic conservation of the seizure-related inflammatory mechanisms 
among chordates, we are investigating other emerging model systems 
such as the tunicate Ciona robusta. PTZ-induced seizures in zebrafish 
are associated with an increase of key inflammatory molecules that 
accompanies the activation of microglial cells and with a rapid induc-
tion of neuroprotective mechanisms. The genetic manipulation and 
pharmacological treatments strongly support the hypothesis of a 
direct role of some inflammatory pathways in the seizure activity. Our 
findings provide further therapeutic targets for the high-throughput 
usage of zebrafish in the discovery of anti-inflammatory drugs. Fur-
thermore, preliminary data suggest the use of C. robusta to explore 
seizure-induced inflammatory response during evolution.
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In normal and pathological brain functions the precise control of den-
dritic spine density and synapse formation is critical. Therefore, how 
signaling pathways influence dendrite outgrowth and remodeling is 
still difficult to define. Here, we report that prolonged activation of the 
serotonin 5-HT7 receptor (5-HT7R) with a selective agonist promotes 
formation of dendritic spines and facilitates synaptogenesis in postnatal 
cortical and striatal neurons. Acute activation of 5-HT7R results in pro-
nounced neurite elongation in postnatal striatal and cortical neurons, 
thus extending previous data on the morphogenic role of 5-HT7R in 
embryonic neurons. Critical role of 5-HT7R in neuronal morphogenesis 
was confirmed by analysis of neurons isolated from 5-HT7R-deficient 
mice and by pharmacological inactivation of the receptor. In addi-
tion, we also observed decreased number of spines when 5-HT7R was 
blocked pharmacologically, and in 5-HT7R-knock-out neurons, suggest-
ing that constitutive 5-HT7R activity is critically involved in the spino-
genesis. Moreover, cyclin-dependent kinase 5 and small GTPase Cdc42 
were identified as important downstream effectors mediating morpho-
genic effects of 5-HT7R in neurons. Altogether, our data suggest that the 
5-HT7R-mediated structural reorganization during the postnatal devel-
opment might have a crucial role for the development and plasticity of 
forebrain areas such as cortex and striatum, and thereby can be impli-
cated in regulation of the higher cognitive functions. Future analyses will 
be addressed to identify specific miRNAs involved in remodeling of den-
dritic spines and synaptogenesis. Understanding the way miRNAs are 
contributing to synaptic plasticity could provide clues to establish novel 
therapeutic strategies for several diseases of the Nervous System.
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A local system of protein synthesis, independent and remote from the 
cell body, is present in the presynaptic domains of axons. The prompt 
synthesis of protein on site and on demand near the synapses makes 
key contributions to synaptic plasticity. Nonetheless, not much has 
been explored whether its deregulation leads to the neurodegenera-
tive diseases. In this study, we examine the involvement of the syn-
aptic system of protein synthesis in the pathogenesis of Alzheimer’s 
disease (AD), using transgenic mice overexpressing APP as animal 
model (TG). To this end, we have tested if the local system of protein 
synthesis is modulated by contextual fear conditioning, and if such 
modulation is deregulated in the TG animals. We prepared synapto-
somes as an in vitro model for synaptic regions. The synaptosomal 
fractions from cerebral cortex and cerebellum were incubated with a 
radio-labelled amino acid and the pattern of newly synthetized pro-
teins was analyzed. In the wild type animals, the newly-synthesized 
proteins were modulated by training. By contrast, this modulation 
did not occur in the TG animals, suggesting that the synaptic system 
of protein synthesis is impaired in AD mice. These results indicate that 
the synaptic protein synthesis may also be involved in the molecular 
mechanism leading to synaptic degeneration in AD.
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The Alzheimer’s disease (AD) is the most common neurodegenera-
tive disorder and its neuropathologic hallmarks are the extracellular 
deposits of β-amyloid (Aβ) plaques and intraneuronal tangles, result-
ing from Tau hyperphosphorylation. These aggregates both contribute 
to the loss of synapse functions and neuronal death. The major genetic 
risk factor in sporadic AD is represented by the E4 isoform of Apolipo-
proteinE (ApoE), ligand of the Low Density Lipoprotein-Related Pro-
teins Receptor 8 (LRP8). LRPs processing is regulated by γ-secretase 
cleavage in a similar way to the Amyloid Precursor Protein (APP), which 
after cleavage by γ-secretase produces the Aβ peptide. Considering 
the lack of informations about LRPs involvement in AD, we propose 
a C.elegans model to study in vivo the correlation of human LRP8 
to APP and Tau.
C.elegans presents orthologs of APP, γ-secretase and Tau (apl-1, sel-12 
and ptl-1), and it has been extensively used to study AD. We generated 
multiple transgenic lines overexpressing in all neurons the human LRP8 
protein. By Western blot we verified the expression of LRP8 
protein as full-length and cleaved forms, resembling the pep-
tides observed in cell cultures and AD patients. The transgenic 
lines present defects in locomotion, development and lifespan in 
a similar way to other C.elegans AD models. In order to verify if LRP8 
is cleaved by γ-secretase ortholog, we are inhibiting the protease 
activity using both a pharmacological and a genetic approach. We set 
up a new model, which may help clarify the role of LRPs in AD, and its 
involvement in regulating APP and Tau.
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The endocannabinoid system (ECS) comprises neuromodulatory 
lipids and their receptors, capable of regulating neuronal excitabil-
ity, and recently, it has been suggested that the ECS may play an 
important role in early neuronal development. The arachidonoyl-
glycerol (2-AG) is synthesized at high levels in the CNS by diacylg-
lycerol lipase α (Daglα). Our aim was to investigate the role of 2-AG 
and its receptors (CB1 and CB2) in the development and differentia-
tion of neurons, and in the formation of neuronal circuits that con-
trol spontaneous locomotion and visual system, using zebrafish as 
model organism. Through the use of morpholino-induced transient 
knockdown of the zebrafish daglα and its pharmacological res-
cue, we suggest that synthesis of 2-AG is implicated in the control 
of axon formation in defined areas of the developing brain, and 
animals lacking Daglα display defective axonal growth and fas-
ciculation, and abnormal physiological behavior in tests measuring 
stereotyped eye movement and motion perception. Furthermore, 
pharmacological treatments using antagonists for CB1 and CB2 
highlight their role in the correct differentiation and lamination of 
zebrafish developing retina. Animals treated with these antagonists 
display also defective swimming behavior, suggesting the implica-
tion of CB1 and CB2 receptors also in the correct formation of neu-
ronal circuits that control spontaneous locomotion. In conclusion, 
our results suggest an important role of endocannabinoids as medi-
ators in axonal outgrowth with implications for the control of vision 
and movement.
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This abstract is not included here as it has already been published 
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Corpus callosum abnormalities (CCA) have an estimated prevalence 
ranging from 0.3% up to 0.7% in patients undergoing brain imaging. 
CCA can be identified incidentally, or can be part of a developmental 
disease. We performed a retrospective study of 551 patients, identified 
non-syndromic (NS) CCA and syndromic (S) CCA, reviewing clinical fea-
tures, neuroradiological aspects, genetic etiology, and chromosomal 
microarray (CMA) results. Syndromic CCA subjects were prevalent 
(60%) and they showed the most severe clinical features. Cortical mal-
formations and cerebellar anomalies were 23% of cerebral malforma-
tion associated to CCA (plus), 23 and 14% respectively in syndromic 
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forms. A clinical and/or genetic diagnosis was obtained in 37% of 
syndromic CCA including chromosomal rearrangements on high-res-
olution karyotype (18%), microdeletion/microduplication syndromes 
(31%) and monogenic diseases (51%). Non-syndromic CCA anomalies 
had mildest clinical features, although intellectual disability was pre-
sent in 49% of cases and epilepsy in 13%. CMA diagnostic rate in our 
cohort of patients ranged from 11 to 23% (NS to S). A high percentage 
of patients (76% 422/551) remain without a diagnosis. Combined high 
resolution CMA studies and next-generation sequencing (NGS) strat-
egies will increase the probability to identify new causative genes of 
CCA and to redefine genotype–phenotype correlation.
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Progressive myoclonus epilepsy of the Unverricht–Lundborg-type 
(EPM1) is an autosomal recessive neurodegenerative disorder and it is 
the most common type of progressive myoclonus epilepsy.
The physiological function of CYSTATIN-B (CSTB) in the CNS and the 
dysfunction caused by the mutants are still unknown but loss of-func-
tion mutations in the gene encoding CSTB are the primary genetic 
cause of EPM1. CSTB-KO mice show neurological disorder in mice simi-
lar to EPM1-patients. Mutations which lead to epilepsy often develop 
during embryogenesis, for this reason we decided to study the role 
of CSTB by interfering with its expression in the mouse developing 
cortex.
To this aim, we overexpressed CSTB wild type and 2 human patho-
logical mutants, G4R and D68, by in utero electroporation, in mouse 
developing cortex at E14 and we analysed the results 2 days later. Our 
results show different distribution of electroporated cells. Cells over-
expressing wtCSTB at 2dpe migrated from VZ to IZ while cells elec-
troporated with the 2 mutants are located only in the VZ, indicating a 
difference in cell migration and/or differentiation.
In addition, using different markers for cell proliferation, we detected 
an increase of proliferation in the region surrounding the wtCSTB-
electroporated cortical area. On the contrary we detected a decrease 
in proliferation in the cortex upon overexpression of the 2 EPM1 
mutants. Our results clearly indicate a neurogenic role of CSTB during 
cortical development, which is altered by overexpression of the pro-
tein or by the expression of an EPM1-mutant form.
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Huntington’s disease (HD) is a genetic neurodegenerative disorder 
characterized by a complex pathogenic and clinical profile with neu-
ronal dysfunction and progressive atrophy in the striatum and in the 
cerebral cortex. Aside defects in the nervous system, the disease is 
characterized by a variety of peripheral complications among which 
progressive weight loss that correlates with disease progression and 
significantly affects the quality of life of HD patients. The mechanism 
underlying weight loss is unknown but several evidences suggest that 
it may likely be attributable to structural and functional alteration of 
the intestinal tract. Although efforts have been made in HD research, 
no effective treatment to counteract any of the symptoms is currently 
available. Over the last years utilization of natural products like cur-
cumin, have had large diffusion for the treatments of neurodegenera-
tive diseases, however much remains to be explored yet. The aim of 
our study it to investigate the molecular mechanism underlying altera-
tions in the intestinal tract potentially linked to the weight loss in HD 
and to explore the therapeutic potential of curcumin administration 
in R6/2 mice, which represent the best characterized and most widely 
used animal model of HD that recapitulate most of the features of the 
human pathology.
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Dopamine transporter deficiency syndrome (DTDS) is an autosomal 
recessive disorder caused by mutations in the human gene encod-
ing for the dopamine transporter (hDAT), which leads to the partial or 
total loss of function of the protein. The DTDS phenotypic spectrum 
is characterized by a typical form, with early onset parkinsonism-like 
symptomatology, that was distinguished from atypical forms present-
ing milder conditions and caused by partial loss of protein function. 
The aim of this work is to investigate in vivo the effects of the new 
genomic variants found in DAT gene in patients, using Caenorhabditis 
elegans. hDAT is cedat-1 in C.elegans and its knockout causes a loco-
motion defect due to a lack of reuptake of dopamine and resistance 
to 6-hydroxydopamine toxic effects. We established the first animal 
model for DTDS and demonstrated that hDAT is able to rescue the two 
phenotypes observed when cedat-1 is knocked out. To examine the 
effects on DAT function of two mutations recently found in patients, 
we expressed the human mutated forms hDATG433R or hDATG467V only 
in dopaminergic neurons in cedat-1 KO and studied the possible 
rescue of the defective phenotypes. Transgenic animals expressing 
hDATG467V showed a partial rescue of only one of the two phenotypes, 
whereas the hDATG433R mutant showed impairment in DAT function in 
both phenotypic paradigms. Taken together, these observations sug-
gest that G433R mutation causes the complete loss of function in vivo, 
while the G467V mutation causes a partial loss of protein function, 
resembling other mutations causing atypical forms of DTDS.
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Cystatin B (CSTB) is a widely distributed protein expressed in most 
cell types and tissues where it inhibits proteases of the cysteine fam-
ily. Mutation of CSTB causes Progressive Myoclonus Epilepsy (EPM1), 
a disease of the Central Nervous System, suggesting a key role of this 
protein in the physiology of the Nervous System. Previous studies of 
our group showed that CSTB is secreted during brain development, 
as CSTB was found in the cerebrospinal fluid (CSF) from the develop-
ing brain of mouse. In addition, the culture medium of primary cor-
tical cells transfected with a plasmid expressing the CSTB-GFP fusion 
protein contained endogenous CSTB as well as the CSTB-GFP protein. 
Interestingly, transfection of a natural EPM1 mutant did not result in 
CSTB secretion suggesting that secretion of the protein is critical for 
its function.
Here we detected the presence of CSTB in the synaptic regions of 
adult rodents brain, using synaptosomes isolated from brain cortex as 
in vitro model of nerve endings. Synaptosomes are an useful tool to 
study the function of synaptic terminals, such as secretion. After 2 h 
incubation of synaptosomes CSTB was detected in medium, indicat-
ing an active secretion of this protein from the nerve endings of adult 
rodents brain. In addition, we found CSTB in a crude synaptosomal 
fraction prepared from human cerebral organoids. Its expression level 
increased with the maturation of the organoids, suggesting that CSTB 
is indicative of progressive synaptogenesis in organoids which can 
be used as an innovative tool to study neuronal plasticity in a human 
model.
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In mammals, the Thyrotropin-Releasing Hormone (TRH) has a cen-
tral role on regulation of metabolism and growth by stimulating the 
secretion of the TSH from the pituitary gland. In non-mammalian 
vertebrates, e.g. amphibians and fish, TRH also regulate growth by 

stimulating the release of Growth hormone and prolactin from the 
pituitary gland, while it has little or no effect on the secretion of TSH. 
The role of TRH so far remains poorly investigated in invertebrates. 
Recently, Van Sinay et al. [1] identified a TRH-like peptide in C. elegans 
and investigated its role in this protostome worm. This study shows 
that TRH originated before the divergence of protostomes and deuter-
ostomes and suggests that the ancestral role of this neuropeptide is 
on the control of postembryonic growth and reproduction.
Combining in situ hybridisation, whole-mouth immunostaining and 
knock-down experiments we investigated the role of a sea urchin TRH 
neuropeptide (QYPGamide) its precursor (SpTRH) and potential recep-
tor (SpTRHR) in Strongylocentrotus purpuratus and Paracentrotus lividus 
larvae. In sea urchins, SpTRH is produced by two go-opsin expressing 
cells bilaterally distributed at each the side of the larval apical organ. 
Our data shows that TRH protein production is regulated by light/
dark cycle and feeding/starving conditions. Furthermore, knock-down 
experiments of the SpTRH precursor and of the potential receptor 
SpTRHR inhibit the post embryonic arm growth.
In conclusion, our results describe for the first time the role of TRH in a 
non-chordate deuterostomes and validate the hypothesis of an ances-
tral role of TRH on postembryonic growth regulation.
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We present the experience of the “Federico II” unit of the Telethon 
Undiagnosed Diseases Program (TUDP). TUDP is aimed at the diagno-
sis of children with rare and severe diseases that lack a genetic diag-
nosis. TUDP is a national program founded by Fondazione Telethon 
and is open to all patients, and to clinicians following patients, with 
undiagnosed diseases. The general principle of the study is to offer an 
accurate clinical re-evaluation of all patients and, if indicated, a Next 
Generation Sequencing (NGS) test.
Ours is the referring clinical center of TUDP for the southern and cen-
tral Italy. From March 2016 to September 2017, we have enrolled 51 
pediatric patients with severe, multisystem and undiagnosed diseases. 
Most of those patients were already been visited by multiple centers 
and subject to invasive and non-invasive procedures. All were already 
tested with array-CGH.
Conclusive genetic diagnosis was reached for 11 cases, candidate-
gene mutations for 7 cases, and no potential explanation for 4 cases. 
Out the remaining, 13 cases were considered low-priority and, thus, 
not addressed to NGS and 16 are still in progress.
Among the concluded cases: one had a mutation in a novel disease-
causing gene and its pathogenetic role has been confirmed in other 
cases; two had phenotypes more complex and severe than those 
described in literature; most of the remaining cases had clinical pres-
entations too aspecific to prompt a specific genetic test and their diag-
nosis would have unlikely been reached without an NGS approach.



Page 11 of 11BMC Neurosci  2018, 19(Suppl 3):67

P15 
Molecular and morphological study of adult neurogenesis 
in the short‑lived fish Nothobranchius furzeri
Adele  Leggieri1,2, Livia D’Angelo1, Luciana  Castaldo1, Carla  Lucini1, Paolo 
de  Girolamo1, Alessandro  Cellerino2,3, Luigi  Avallone1

1Department of Veterinary Medicine and Animal Productions, University 
of Naples “Federico II” – Napoli, Italy; 2Leibniz Institute on Aging, Fritz 
Lipmann Institute – Jena, Germany; 3Scuola Normale Superiore di Pisa, 
Pisa, Italy
Correspondence: Adele Leggieri (adele.leggieri@unina.it)  
BMC Neuroscience 2018,  19(suppl 3): P15

Adult neurogenesis is a dynamic and highly regulated process, 
decreasing exponentially with aging. In mammals it is spatially 
restricted into two specific regions: the subventricular and the sub-
granular zone. In contrast to mammals, teleost fish show an extensive 
adult neurogenesis along the whole rostro-caudal brain axis. Among 
teleost fish, Nothobranchius furzeri is a well consolidated model organ-
ism for ageing research, for its short lifespan and rapid growth. Clus-
tering temporal profile of gene expression in N. furzeri brain, have 
shown differentially expressed genes (DEGs), most of which positively 
selected during aging and evolution. Here, we investigate the neuro-
genic activity of three positively selected genes: Alpha Chain 1 Colla-
gen type IV (Col4a1) and XXV (Col25a1), and Inhibitor of DNA Binding 
3 (Id3). Whole brain quantitative analysis on young (5 weeks post 
hatching, wph) and old (27 wph) specimens, have shown a slightly 
upregulation of these genes during aging. Fluorescence in situ hybrid-
ization (FISH) on both young and old animals revealed that Col4a1, 
Col25a1 and Id3’s mRNAs are distributed in neurogenic areas. Further-
more, their distribution pattern changes according to growth. Then, 
to describe the different developing stages of FISH positive cells, we 
performed a double labeling of FISH and immunofluorescence (anti- 
S100, anti-DCX, and anti-HuC/D). Genes and neural markers co-localize 
in most of adult neurogenic areas.
These studies suggest that Col4a1, Col25a1 and Id3 are involved in 
neurogenic process during aging, as already shown in many species. 
Our findings could form the basis for further investigations on their 
specific roles and pathways.
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Pain threshold is the measure of the intensity of a physical stimulus 
that evokes pain. To avoid the influence of the “tester”, a new method 
has been recently proposed, named “autoalgometry”, in which the 
subject being evaluated applies and controls by himself the force 
against the autoalgometer tip.
The aim of the present work was to evaluate the effects of stimulation 
rate, gender and site of stimulation on the pain threshold evaluated 
in healthy subjects. Fifty healthy volunteers (21 males, 29 females, age 
18–29 years) were evaluated for the pain threshold using the autoal-
gometric procedure by applying fast- or slow-increasing stimulation 

on a computerized autoalgometer tip with their fingers and reaching 
a minimal or maximal pain intensity.
There was a positive correlation between test speed and pain thresh-
old measures. Male participants reached higher speeds compared to 
female participants when asked to execute fast and showed higher 
pain thresholds (both for the minimal and the maximal pain intensity) 
compared to female participants in the fast tests. When the tests were 
executed slowly, the minimal pain threshold did not differ between 
males and females, but the maximal pain threshold was still higher in 
males compared to females.
These results demonstrate that it is mandatory to record the rate of 
stimulation in a pressure pain-threshold evaluation and support the 
use of the autoalgometric procedure for this purpose.
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Inflammaging occurs in the aged brain both as microglia senes-
cence and as an increased production of pro-inflammatory cytokines 
and protein complexes known as inflammasomes. Recently, it 
has been suggested that autophagy acts as a regulator of NLRP3 
inflammasome activation. Here, we describe our findings concerning 
the expression of MHC II as a marker of microglia senescence and NLRP3 
inflammasome in bovine brains and the cross-talk between inflam-
masome, autophagy and ROS production. Samples of hippocam-
pus were collected from 42 Podolica cattle. Animals were divided in 
three groups: group A (aged 15–24 years), group B (aged 5–14 years) 
and group C (aged up to 5 years). Double color immunofluores-
cence and immunohistochemistry were performed to evaluate 
1) the relationship between NLRP3, SOD1 and autophagy marker 
Beclin 1 and 2) the expression of MHC II and NLRP3. Western blot 
was performed to determine the expression levels of NLRP3. Dou-
ble color immunofluorescence showed a positive relationship 
between inflammasome, Beclin 1 and SOD1. Moreover, immunois-
tochemistry revealed a higher expression of MHC II and NLRP3 
in older animals. Western blot confirmed the higher expression of NLRP3 
in aged bovine compared to younger. These data demonstrate that 
MHC II and NLRP3are up-regulated in the brain of aged cattle. We sug-
gest that the age-related overexpression of SOD1 indicates an exces-
sive production of ROS resulting in deleterious peroxidative reactions 
and ultimately in neuroinflammation. Moreover, we propose that 
autophagy may protect the cell by removing inflammasome compo-
nents from the cell, thus maintaining cellular homeostasis.
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