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Stroke therapy using embryonic stem cells and bone marrow stromal cell-derived neural
stem cells
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Bone marrow stromal cells (MSCs) are an excellent source of cells for treating a variety
of central nervous system diseases. We report the efficient induction of committed
neural progenitor cells from rat and human MSCs (NS-MSCs) by introduction of cells
with the intracellular domain of Notch-1 followed by growth in the free-floating culture
system. To determine the therapeutic potential of NS-MSCs, cells were transplanted
into the cortex and striatum in a rat model of focal cerebral ischemia. The survival,
distribution, and integration of NS-MSCs in the host brain were very high, and at day
100, grafted NS-MSCs were positive for dopaminergic, glutamatergic, and
gamma-amino butyric acid(GABA)ergic neuronal markers. They extended long
neurites for nearly 6.3 mm and many of these expressed synaptophysin. Significant
behavioral recovery was also observed in limb-placing and water-maze tests.

To establish cell therapy for cerebral ischemia using embryonic stem (ES) cells, which
have self-renewing and pluripotent capacities, we induced the differentiation of the
neural progenitors from mouse ES cells using the serum-free suspension culture
method and confirmed the expression of various basal ganglial neuronal markers and
neurotransmitter-related markers both in vitro and in vivo, which was thought to be
suitable for replacing damaged striatum after middle cerebral artery occlusion. We
purified the progenitors expressing the neural progenitor marker Sox1 by
fluorescence-activated cell sorting and Sox1-positive neural progenitors prevented
tumor formation in ischemic brain for 2 months. We also analyzed survival and
differentiation of transplanted cells and functional recovery from ischemic damage.
Induced pluripotent stem (PS) cells possess the properties of self-renewal and
pluripotency, similar to embryonic stem cells. They are a good candidate as a source of
suitable cells for cell replacement therapy. In this study, we transplanted human iPS
cell-derived neural progenitors into an ischemic mouse brain. Human iPS cells were
differentiated into neuronal progenitors by serum-free culture of embryoid body-like
aggregates (SFEBs). Donor cells were transplanted into the ischemic lateral striatum



1week after ischemia induction. Cells survived at the transplantation site, with
migration of a proportion of cells along the external capsule and corpus callosum.
Behavioral recovery was significantly enhanced in the transplanted group. Our results
suggest that human iPS cell-derived neuronal progenitors survive and migrate in the
ischemic brain, and contribute toward functional recovery via neural -circuit
reconstitution.

Safe and efficient transplantation of embryonic stem (ES) cells to the brain requires
that local inflammatory and immune responses to allogeneic grafts are inhibited. To
investigate cytokines that affect graft cell survival and differentiation, we used
stromal cell-derived inducing activity to induce the differentiation of neural progenitor
cells (NPCs) from mouse ES cells and transplanted the NPCs into mouse brain.
Examination of surrounding brain tissue revealed elevated expression levels of
interleukin (IL)-18, IL-4, and IL-6 in response to NPC transplantation. Among these,
only IL-6 reduced neuronal differentiation and promoted glial differentiation in vitro.
When we added anti-IL-6 receptor antibodies to NPCs during transplantation, this
single and local blockade of IL-6 signaling reduced the accumulation of host-derived
leukocytes, including microglia. Furthermore, it also promoted neuronal
differentiation and reduced glial differentiation from the grafted NPCs to an extent
similar to that with systemic and continuous administration of cyclosporine A. These
results suggest that local administration of anti-IL-6 receptor antibodies with NPCs
may promote neuronal differentiation during the treatment of neurological diseases
with cell replacement therapy.
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Neuronal induction from marrow stromal cells
(MSCs). (A—C) Phase-contrast images of rat cells.
After Notch intracellular domain (NICD)
transfection, original naive MSCs (panel A)
changed their morphology (NICD-MSCs, panel
B). Panel C represents spheres made from
NICD-MSCs (refereed to as NS-MSCs) on a low
cell-binding dish. (D-F) Expression of nestin
(panel D), NeuroD (panel E), and Sox2 (panel F)
in rat NS-MSCs. (G and H) B-tubulin isotype
IIT (Tuj-1)- (panel G) and microtubule associated
protein 2 (MAP2ab)-positive (panel H)
neuron-like cells differentiated from rat
NS-MSCs. (I) The proportions of rat cells
expressing neural markers. (J-L) Expression of
glutamate (panel J), tyrosine hydroxylase (TH)
(panel K), and serotonin (panel L) in neuron-like
cells derived from rat NS-MSCs spheres. The
proportions of cells expressing
neurotransmitter-related markers in rat cells
(M). Scale bars=250 +m (panels A and B),
100 #m (panel C), 50 #m (panels D-F), 20 #+
m (panels J-L).
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In vIvo teratoma formation after

transplantation. In the green fluorescent
protein (GFP)-negative group, relatively large
intracerebral tumors, which could cause
cerebral herniation, were observed 8 weeks after
transplantation (a, b). Histological analysis
indicated that these cells (¢) were co-stained
with the undifferentiated embryonic stem (ES)
cell markers, Oct4 and Nanog, and the
proliferation marker Ki67, and were diagnosed
as immature teratoma (d—f). In the GFP-positive
group, clusters of undifferentiated cells were
scarcely detected (g). The Hgalactocerebroside
(#gal)-positive grafted cells within the cerebral
ischemia had large cell bodies and extended
axons (h, i). Kaplan-Meier analysis revealed a
significantly higher survival rate in the
GFP-positive group than in the GFP-negative
group (j). Scale bar: b, d, g and h, 10mm; c,
1000 zm; e, f and 1, 100 zm. **<0.01.
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Reduced inflammatory and immune responses
in the presence of MR16-1. Immunofluorescence
images of CD45+ (A), MPO* (C), and CD3* (G)
cells at 2 weeks and Iba-1* (E) cells at 8 weeks
with or without MRI16-1 treatment. The
numbers of CD45* (B), MPO+ (D), Iba-1+ (F), and
CD3+ (H) cells in and around the graft at
different time points are presented as mean =+
SEM (n = 5 for each group). At each time point,
two values were compared (* < 0.05, ** P< (.01
compared with control samples, #test). Scale
bars = 300 pm; 50 pm in magnified images.
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