Does the receptor protein tyrosine phosphatase play a key role in myelination/remyelination?

Multiple sclerosis (MS) is a worldwide chronic, progressive, inflammatory and demyelinating disease of the central nervous system (CNS). This disease usually appears in young adults (20-40 years old) and is twice as common in women than in men. 

In MS, myelin sheath and axons become damaged so that the CNS’s electrical messages are disrupted but unfortunately no in situ repair mechanisms are in place to renew damaged nerve tissue.

Damage can occur anywhere throughout the CNS, minor damage to the myelin can manifest itself as a mild symptom such as numbness or a tingling sensation, but more extensive damage can cause more serious symptoms. For instance, when axons become damaged, electrical impulses are cut off completely, causing paralysis or loss of body functions.

Demyelination is the destruction, loss, or removal of the myelin sheath around axons, resulting in an inability for the axon to transmit correctly the nerve impulses. Remyelination, the opposite process of demyelination, uses similar process as myelination: the glial cells (oligodendrocytes in the CNS and Schwann cells in the peripheral nervous system) wrap themselves around an unmyelinated portion of the axon to form the layer of myelin to ensure the rapid conduction of electrical impulses. The formation of the myelin sheath is one of the most spectacular examples of cell-cell interaction and coordination. It requires a local generation, migration or maturation of new oligodendrocytes (or combination of these)(
). 

Recovery from MS implies in part remyelination of the demyelinated nerves. Several factors involved in oligodendrocyte development have been identified but further exploration of their impact on in vivo remyelination is required. Due to its cellular localization and based on existing literature, the receptor like protein tyrosine phosphatase zeta/beta (R-PTPz/R-PTP() appears to be involved in the process of remyelination and will be studied in this proposal.

The receptor like protein tyrosine phosphatase (R-PTP) family is a superfamily of proteins. The structure of R-PTPs gives us the indication that they have a function of signal transducer. Five major classes of R-PTPs have been identified according to the extracellular domain structure (
). Many of the R-PTPs contain structural feature expression pattern and subcellular localization that suggest a role in either cell-cell or cell-matrix adhesion, and neural development.

During neural development, R-PTP are involved in the axon formation and guidance, by regulating and modulating the nerve cells adhesion and the dynamic state of the cytoskeleton. They are also involved in the glial cells development (1).

In the adult nervous system, R-PTP are involved in several process such as neuron/glia interaction, gliogenesis, glia differentiation and survival, neural migration, and myelin formation.

R-PTPz belongs to the type V class of the R-PTP family. Its structure is composed of an extracellular domain, a single transmembran domain, and a cytoplasmic portion that contain 2 tyrosine phosphatase domains. The region of the extracellular domain has a sequence homology to the enzyme carbonic anhydrase (CAH). This CAH domain is followed by a fibronectin type III domain (FNIII) and by a long unique sequence termed a spacer domain. Three different isoforms of R-PTPz are expressed as a result of alternative mRNA splicing: a long, a short (in which the spacer is almost inexistent), and a secreted isoform known as 6B4 proteoglycan or phosphacan (which correspond to the extracellular domain) (1).

The expression of R-PTPz is detected throughout the nervous system, central (CNS) and peripheral (PNS), with predominance in the glial cells (1;
).

Furthermore, R-PTPz expressed at the surface of glial cells binds to matrix protein such as Tenascin, growth factors such as Pleiotrophin 18 to act on cell migration, and to cell adhesion molecule (CAM) such as Contactin to form a complex on neuron with Nr CAM or CASPR and play a role in the dynamic state of the neuron or in neurite outgrowth (
;
;
;
).

The importance of R-PTPz for recovering from a demyelinating disease has been recently demonstrated in R-PTPz deficient mice. In Knockout mice, there is no gross alteration in the CNS and that there is no problem during the neural development but the nerve ultrastructure seems less compact as compared with control mice: the myelin lamellae appears more fragile, tends to be fragmented (i.e. separation and disintegration of lamellae) and deformed. In addition, cytoplasm-containing lamellae can be found (
). 

When Experimental Autoimmune Encephalomyelitis (EAE), an animal model of multiple sclerosis, was induced in R-PTPz KO mice, an increased susceptibility to the pathology was observed with a morbidity of 82% as compared with 62% in the control mice (
). Despite the same onset of the disease and the same maximal clinical score, KO mice showed impairment in recovery (63% of the KO mice are still sick 2 month after induction of the disease, only 11% of the controls). Toluidine blue staining of the myelin showed an intensive degeneration of the spinal cord 2 month after induction of the disease. Using a double staining TUNEL/CNP (CNP is a marker for oligodendrocytes) on the mice lumbar spinal cord during the EAE experiment, it was demonstrated that a considerable proportion of cells undergoing death in KO mice were oligodendrocytes (64% as compared with only 33% in the control). Furthermore in humans, expression of R-PTPz is induced in multiple sclerosis lesions and the gene is especially expressed by remyelinating oligodendrocytes. The upregulation of R-PTPz in these cells in multiple sclerosis lesions suggest that the expression of R-PTPz in oligodendrocytes is critical for recovery from disease.

The main goal of this project is to better characterize the impact of R-PTPz on myelination and remyelination processes.

A- By following R-PTPz expression and localization during induction of experimental demyelinating diseases. 

A disease-induced demyelination can be done using 3 animal models:

1. MOG (Myelin Oligodendrocytes Glycoprotein)-induced EAE; it is an autoimmune induced demyelination in the central nervous system using the MOG peptide. This technique induces inflammation, demyelination and axonal loss.

2. EAN (Experimental Autoimmune Neuritis), it is an autoimmune demyelination but in the peripheral nervous system. This technique also induces demyelination and inflammation.

3. A toxin-induced demyelination using lysolecithin. It induces a located demyelination by a chemical product without inflammation.

As we have seen R-PTPz plays an important role in recovering from demyelinating disease, but little is known about its expression during the remyelinating process. In order to better characterize this profile of expression during remyelination, I will performed the following experiment:

· Induction of demyelination

· Sacrifice of the animals at different time point of the disease and more specifically during the remyelination process.

· Comparison of the presence of the protein with control mice.

In depth studies will also be performed on cells culture to better understand the molecular mechanism and cellular pathways related to R-PTPz.

B- By characterization of new R-PTPz KO mice.

New R-PTPz ko mice have been generated in house, where additional deletion of the Fibronectin 3 domain has been included, compared to the published R-PTPz (8,9). The deleted region is replaced in frame with respect to the R-PTPz initiation codon by the coding sequence of LacZ to follow the expression patterns.
Moreover the mice are on a C57BL/6N strain, the strain more susceptible to the development of demyelinating disease, like EAE.

Based on these differences we expect to be able to observe a more severe phenotype in our mice, compared to the line described in literature.

Our KO mice phenotype will be compared to that of wild type littermates in normal condition and after induction of a demyelinating disease (see model above) by performing behavioral (motor coordination, pain, and cognitive impairment), electrophysiological, neuroanatomical (immunohistochemistry and confocal analysis of the spinal cord), and pharmacological studies.
The results of the studies described in A and B should allow us to better understand the role of R-PTPz in the process of myelination and remyelination, investigate in depth the role of R-PTPz deletion and discover new possible targets for therapeutic intervention for promoting remyelination in patients affected by MS.
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