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(There were 4 topics presented)

a) Title: Cell Lineage and Suitability for Replacement Therapy.

95% of stem cell medicine has been focused on only 20-30% of its possible applications. The challenge is to get the right cell type for the right job.  The cellular lineages that give rise to the differentiated cells of the central nervous system are complex ones that contain multiple different cell types.  The founder cells or neuroepithelial stem cells (NEP) give rise to lineage specific progenitor cells , the neuron progenitor/neuron transient amplifiers (NRP) which give rise to neurons and the Glial Progenitors (GRP) which give rise to either Type 1 astrocytes or the O-2A/OPC (oligodendroglia  progenitor).  These may give rise later to oligodendrocytes and to Type II astrocytes (Noble et al Dev Biol 2004:265; 333-5) The progression through this lineage may be recreated in tissue culture.

Chemotherapeutic agents, e.g. 5 FU, target both O-2A progenitor cells and oligodendrocytes.  They dysregulate expression of Olig 2, a transcription factor essential to the oligodendrocyte lineage, and cause a syndrome of delayed degeneration of white matter tracts.  The resulting picture mimics that of accelerated aging with decrease in myelin and myelin basic protein renewal. There is great concern that these effects of chemotherapy may also be occurring in children treated with myeloablative chemotherapy prior to bone marrow transplantation.

A critical principle for replacement therapies is that the precursor cells used must be appropriate to the required lineage sequence and to the damage that needs to be repaired.  Thus, it is the GRP, flourishing sometime in mouse between E13 and E 18, that can give rise to O-2A progenitor cells and type 1 astrocytes.  A hypothyroid state in the fetus markedly impairs the expression of GRP with resulting marked impairment of oligodendrocyte generation and myelination.  If a hypothyroid state emerges beyond this critical period when myelination is already assured, this does not happen. One implication is that meaningful treatment of cretinism will require engraftment of GRP competent precursors.  Perhaps more importantly for the treatment of Krabbe Disease, these results indicate that attention must be paid to the availability of particular types of progenitor cells for repair once the enzymatic disorder has been treated.  It may be that the developmental transition in progenitor cell function will prove critical in understanding the outcomes of children transplanted for Krabbe Disease. The biological properties of stem cells and progenitor cells at different ages may also prove useful in understanding how much repair of existing damage will be possible. 

b) 
Vanishing White Matter Disease (VWMD) and Spinal Cord Injury as Examples of the Need for the Use of Specific Cell Types in Transplantation Therapies

VWMD represents up to 25% of leukodystrophies. Although myelinated axons are a target of the disease, there may be no abnormality in the biology of oligodendrocytes (which are abundant).  On the other hand, there are no astrocytes and no astrocytic reaction in the zones of disease expression. Moreover, precursor cells isolated from the CNS of a child who died from VWMD show defects in astrocyte generation. Thus although this disease is in a category in which it is generally assumed that oligodendrocyte replacement is the goal, it appears that it is astrocyte replacement that is actually necessary.

Studies on spinal cord injury also demonstrate how critical it may be to generate exactly the right population of astrocytes in order to promote repair. GRP cells can be activated by BMP to give rise to a particular type of GRP-derived astrocyte, i.e. GDAs BMP, that have the antigenic characteristics originally defined as type1 astrocytes. If activated by CNTI or LIF, in contrast, these cells form GDAs CNTF that have the antigenic phenotype originally defined as belonging to type-2 astrocytes.  Studies on spinal cord injury demonstrate how crucial a distinction exists between these 2 populations at a biological level. Transplantation of GDAs BMP is associated with extensive regeneration and behavioral recovery, while transplantation of the GDAsCNTF appears to inhibit recovery.  In addition, transplantation of GRP cells themselves does not promote recovery, raising the possibility that the damaged CNS does not produce the appropriate signals to promote regeneration. In the context of Krabbe Disease, the concern has been raised about what kinds of astrocytes are generated during the disease process and whether transplanted CNS stem or progenitor cells would be successfully recruited to generate the types of cells needed for successful repair.  .

c) Cellular Redox State and Signal Transduction

The reduction-oxidation (redox) balance of cells is modulated by multiple factors: medication and other environmental factors, the developmental stage and genetics. The oxidized state is associated with irreversible stem cell exit and differentiation. The reduced states, in contrast, favor proliferation with suppression of differentiation. Influences favoring the oxidative state would lead to premature exhaustion of a proliferative pool and a smaller brain while the reduced state would favor more neurons and a larger brain. Administration of N-Acetylcysteine  (Mucomyst) favors the reduced state by enhancing production of glutathione , a property underlying  its therapeutic effect in a variety of conditions including acetaminophen toxicity.  Some pro-mitogenic ligands such as FGF drive the receptor tyrosine kinase (RTK) transduction system with upregulation of trigger mechanisms at the G1 cell cycle restriction point. The ligands do so via the redox/Fyn/c-Cbl enzymatic sequence which converts small changes in the intracellular redox state into changes in the degradation of specific receptor tyrosine kinases required for cell division and cell survival.  Concern was expressed over whether the oxidized state of the CNS of children with Krabbe Disease is associated with abnormal activation of the redox/Fyn/c-Cbl pathway.

d) Concluding General Principles Regarding Stem Cell Therapy

The cell biology of the disorders under discussion is representative of COMPLEX SYSTEMS.  That is, their interactions are non linear and the consequences of their interactions are not predictable from initial conditions. Transitions between stable normal and abnormal states may be relatively abrupt reflecting transitions at the threshold of critical reactions. By any approach taken, reversal across this transition from abnormal to normal with its implications for transitions across thresholds must be expected to be as complex as those leading to the normal to abnormal transition.

