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Survival and maturation of spinally grafted human stem cells in
BEFEE4 spinal ischemia-induced spastic rats or naive immunosup-
pressed minipig

Osamu Kakinohana
University of California, San Diego, Neuroregeneration Laboratory, Department of Anesthe-
siology

Ischemic spinal cord injury in human represents a serious complication associated with transient cross-clamping
of the descending thoracic or thoracoabdominal aorta, that is, procedure required to replace aortic aneurysm. The
resulting neurological dysfunction is typically presented as paraparesis or fully developed spastic or flaccid para-
plegia. Experimental animal studies show that the mechanism associated with the development of ischemic spas-
ticity is primarily the result of selective loss of small and medium sized inhibitory interneurons in ischemic spinal
cord segments. In our previous studies we have demonstrated that region specific grafting of human or rat fetal
spinal cord neural precursors or human postmitotic hNT neurons leads to significant amelioration of spasticity,
corresponding improvement in ambulatory functions, and this functional benefit parallels long term survival and
development of putative synapses between grafted cells and persisting neurons of the host. In the present study, we
characterize the survival and maturation of human embryonic stem (ES) cell-derived neural precursor cells (NPCs)
once grafted into previously ischemia-injured lumbar spinal cord in rat or in naive immunosuppressed minipig.

Proliferating human ES cell colonies were cultured on mouse fibroblasts and induced to form embryoid bodies.
During the nestin positive stage the rosettes were removed, CD184+/CD271-/CD44-/CD24+ population of ES-NPCs
FACS sorted and cells were expanded in the presence of FGF2. Proliferating NPCs were used for in vivo grafting.
SD rats with spinal ischemia or naive Gottingen-Minnesota minipigs were anesthetized with isoflurane and L2-L5
spinal segment exposed. Animals received 10 bilateral injections of ES-NPCs delivered in 0.5 (rat) or 6 u 1 (pig)
of media (15-20,000 cells/injection) into L2-L5 gray matter. Animals were immunosuppressed with Prograf (3->1
mg/kg/day; i.p.). 2weeks -2 months after cell grafting animals were perfused with 4% PFA. Lumbar transverse
sections were stained with a combination of human-specific (h(NUMA, HO14, hNSE, hSYN) or non-specific
(DCX, MAP2, CHAT, GFAP) antibodies and analyzed with fluorescent microscope.

In the majority of grafted animals, ANUMA+ grafted cells were identified in targeted intermediate zone or in
the ventral horn. At 2-4 weeks after grafting, numerous double labeled hNUMA/DCX immunoreactive neurons
were seen with extensive sprouting of DCX+ processes. At survival intervals longer than 4 weeks, in addition to
the presence of DCX+ neurons, hNSE+ neurons and expression of hSYN was identified. Some hSYN positive ter-
minals formed putative synapses with host neurons. These initial data show that ES-derived NPCs can represent an

effective source of human NPCs to be used in CNS cell-replacement therapies.
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