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BACKGROUND

The function of the adult nervous system depends on the establishment of connections
among neurons, an extremely complex process that occurs during neuronal development.
Neurons first acquire their identity that allows them to pursue a specific differentiation program. Neurons are then guided to their proper positions by molecular cues present on themselves and their environment. In addition, developing axons are finding their correct targets by
using molecular signals present on their growth cones and in the pathways they are following
to reach these targets. Neuronal specification, migration and axon guidance are essential
processes that if perturbed, cause abnormal neuronal function in the adult in addition to specific pathologies such as epilepsies, heterotopias, agenesis of fiber tracts, hydrocephalus, etc.
Many of the molecular signals used in the developmental processes outlined above are reused in the adult nervous system for different purposes. One such example is the re-expression
of axon guidance signals in regenerating nerves or the presence of neuronal adhesion molecules in myelinated nerves where they serve to lock in sodium or potassium channels in distinct
parts of the axon fibers. Our laboratory is interested in understanding the exact function of
these signals in the developing and adult nervous system.
Two main research lines are pursued in our laboratory that can be ascribed to the broad
fields of neuronal development and myelination.
1. Neuronal development: We are interested in the genetic, molecular and cellular
bases of neurogenesis, neuronal migration and axon guidance. Specifically:
1. The role of neural-specific bHLH transcription factors in neurogenesis and patterning
of the hindbrain (Theodorakis et al., 2002).
2. The cellular and molecular mechanisms involved in tangential migrations in the hindbrain and in the cortex. We focus on proteins of the immunoglobulin superfamily (IgSF). Our
main goal is to clarify the function of the IgSF protein TAG -1 and its partners (Denaxa et al.,
2001; Kyriakopoulou et al., 2002; deDiego et al ., 2002; Denaxa, Kyriakopoulou et al., 2005).
3. The role of corticofugal fibers in the development of the forebrain using molecular
genetics approaches.
4. The role of TAG-1 in axon guidance.
5. The function of the C. elegans ortholog of TAG-1, rig-6.
2. Biology of Myelination: We are interested in the molecular organization and functional architecture of myelinated fibers. How is such architecture achieved during development? How is it destroyed in de-myelinating diseases, such as multiple sclerosis?
TAG-1 is expressed at specific sites of myelin/axon interactions. We study how TAG-1 and
its interacting partners contribute to myelination. We also investigate if/how deregulation of
these proteins' function is involved in de-myelinating diseases ( Traka et al., 2002; Traka,
Goutebroze et al., 2003; Soares, Traka et al., 2005 ; Tzimourakas et al., 2007) .
Paranodal junctions are specialized adhesion sites between the axolemma and myelinating glial cells, flanking the nodes of Ranvier. They are crucial for axonal insulation and the formation of distinct axonal membrane domains. Ultrastructurally, paranodal junctions are characterized by electrondense material (septa) reminiscent of those observed in insect septate
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junctions. Further, paranodal and septate junctions show molecular similarities: homologues
of SJ components localize, and are required, in paranodal junctions.
We are exploiting the genetics of Drosophila to study the formation of septate junctions
(and in general, permeability barriers (epidermis, trachea and the blood-brain-barrier)). These
are well established model systems to dissect basic molecular and cellular aspects of nerve insulation (Llimargas et al., 2004 ; Strigini et al., 2006). We have recently turned out attention to
the study of the role of lipids (and in particular sphingolipids, glycosphingolipids, and phospholipids) in the formation/maintenance of septate junctions. Genetic evidence in the mouse
points to the importance of lipids in the organization of the paranodal region.
In our laboratory we use a combination of genetic, molecular, biochemical and cellular
approaches to address our scientific questions. In particular, we make use of transgenic animal
models, ex-vivo transplantation systems, genetic analysis in invertebrate models, RNA
microarray analysis, real time PCR, light and confocal microscopy, cell cultures, and protein
biochemistry.
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