Neural Stem Cells Safe for Chronic Spinal Cord Injury Therapy

Spinal cord injury (SCI) currently has no effective restorative therapy, although the transplantation of  human central nervous system-derived stem cells propagated as neurospheres (hCNS-SCns) at 9 or 30 days (sub-acutely) post-SCI has shown some therapeutic promise in rodent models (Cummings et al,Hooshmand et al, and Salazar et al). Their mode of action is thought to be through the remyelination of host axons and the formation of synapses with host neuronal circuitry (Hooshmand et al). However, the assessment of such therapy at later stages (chronic = 6-12 months in humans/1-2 months in rats) is required and is more likely to mirror the actual therapy given to a patient (Fawcett et al). While the therapeutic potential of some stem/progenitor cells have been assessed, there is no preclinical evidence supporting either the safety or efficacy of stem cell transplantation in chronic SCI (Tetzlaff et al andKumamaru et al). This has led to the current study from Aileen J. Anderson at the Gross Hall Stem Cell Center, University of California Irvine, Irvine, USA, published in Stem Cells TM, in which the safety of hCNS-SCns in the chronic SCI microenvironment in rat has been assessed (Piltti and Salazar et al).

hCNS-SCns were transplanted into the spinal cord during either the sub-acute (9 days post-injury (DPI)) or chronic period (60 DPI) post-SCI and hCNS-SCns engraftment was assessed 14 weeks post-transplantation (WPT) using a human cytoplasm-specific antibody (SC121). The sub-acute treatment cohort were found to contain transplanted human cells in 7 of 9 spinal cords with total cell number at 557 ± 47% of the initial transplant dose, whereas the chronic transplant group had fewer grafted cells (257 +/- 77%) in 7 of 11 spinal cords, a significant drop compare to those grafted at 9 DPI. Migration analyses found similar levels of migration away from the injection and injury sites, suggesting the same migratory cues exist in the sub-acute and chronic environment, with no difference either in lesion or spared tissue volume.

Cell fate detection using phenotypic markers alongside SC121 staining found no significant differences in astrocyte (GFAP) or immature neuron cell (DCX) number between the 9 and 60 DPI grafted cohorts, although there were significantly less oligodendrocytes (OLIG2) in the 60 DPI group. Additionally, while GFAP, DCX, or OLIG2 staining accounted for nearly all cell types in the 9 DPI cohort, a significant fraction of cells in the 60 DPI cohort were not stained by these markers. Analysis of a more mature oligodendrocyte marker (APC) in the 60 DPI cohort did however find a larger population of SC121+/CC-1+/Olig2−  cells at 14 WPT suggesting that the oligodendrocytes had matured over time, perhaps in response to altered environmental cues.

Allodynia (sensitivity to a normally non-pain causing stimulus) and hyperalgesia (enhanced sensitivity to a painful stimulus) are known to be related to aberrant sprouting of ascending CGRP (Calcitonin gene related peptide) fibers in or around the spinal cord, and is a safety concern in cell therapy treatments. However, analysis of 9 DPI and 60 DPI transplant and vehicle cohorts found no significant changes in fibre length or volume. Furthermore, thorough analyses demonstrated no significant changes in behavioral measures of mechanical allodynia or thermal hyperalgesia correlated to the time of transplantation or cell number.

Finally, the authors assessed locomotor function through BBB (Basso, Beattie and Bresnahan) open-field testing at 14 WPT and found no significant difference between the vehicle and the transplanted cohorts. However, utilization of a more sensitive analytical method (hind limb base of support (BOS) assessment, with BOS seen to normally increase after SCI) demonstrated a significant decrease in hind limb BOS between the 60 DPI transplant and the 60 DPI vehicle suggesting that hCNS-SCns may be able to promote improved locomotor function in the chronic SCI microenvironment.

While initially designed to show the efficacy and safety of hCNS-SCns in the chronic SCI microenvironment in a rat model, this study has also shown the capacity of these cells to lead to some restoration of lost function in the chronically treated group.  Measurements of cell engraftment, migration, and differentiation were consistent with results generated in immunodeficient mice (Cummings et al, Hooshmand et al, Salazaret al and Sontag et al) with no adverse effects observed, thereby indicating a potential clinical utility for hCNS-SCns in cellular therapy for chronic SCI in humans.

