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Abstract

Neural cell grafting is a promising therapy for stroke, but the optimal differentiation status of the 

cells prior to grafting is unclear. We grafted cells at different maturity stages (days 28, 42, or 56 of 

in vitro neural differentiation) into the brains of eight-week-old rats one week after subcortical 

ischemic stroke, and assessed motor and sensory behavioral recovery over one month. We did not 

find a difference between the grafted or control groups on behavioral recovery, or on brain tissue 

outcomes including infarct size, microgliosis, or astrocytosis. Further research is needed into 

mechanisms of benefit of neural cell grafting for stroke.
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Introduction

Stroke is a major cause of disability, with few effective treatments available to improve 

recovery.[1] Cell transplantation is a promising potential treatment to improve stroke 

recovery.[2] Neural progenitor cells derived from human induced pluripotent stem cells are 

an attractive candidate cell type for further research.[3] One of the initial questions requiring 

clarification is how the neural differentiation maturity status of the cells prior to grafting 

affects behavioral and tissue responses of a stroke model. More mature neural cells may be 

able to more rapidly integrate into host neuronal circuitry to replace lost neurons, but may be 

less able to survive the grafting process, or less able to secrete beneficial factors. Less 

mature neural cells may take longer to replace lost neurons, but may better survive the 

grafting process, or may be more able to secrete beneficial factors present early in 
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development that could aid recovery of the host tissue. We therefore sought to determine the 

effects of the pregraft neural differentiation maturity status of human induced pluripotent 

stem cells in a model of ischemic stroke.

Methods

The full methods are described in the online supplement. The induced pluripotent stem cell 

line iPS-DF6-9-9T was derived from postnatal human skin fibroblasts.[4] The cells were 

expanded as pluripotent cells and differentiated to neural lineages as previously described 

with modifications.[5, 6] Male 8-week-old Sprague Dawley rats, at an age widely-used for 

stroke research, were given small deep hemispheric infarcts similar to a human lacunar 

stroke by intracerebral injection of the vasoconstrictor peptide endothelin-1.

Seven days poststroke, 8 rats per group were randomly assigned to receive intracerebral 

grafts of approximately 250,000 cells at days 28 (named group W4), 42 (named group W6), 

or 56 (named group W8) of neural differentiation, or vehicle without cells for the control 

group (named group C). These time points represented a wide range of neural differentiation 

in our culture system, as previously characterized.[7] Cyclosporine was given to all the rats 

(cell-treated and control) starting 2 days before transplantation.

Behavioral testing occurred blind to group assignment prior to stroke and weekly thereafter. 

The whisker edge test assessed vibrissal sensitivity. The tape bracelet test assessed skin 

sensitivity. The corner test assessed gross sensorimotor symmetry. The elevated body swing 

test assessed gross motor symmetry. The rotarod assessed balance and walking. The 

staircase test assessed fine motor function.

One month after transplantation, brain sections were prepared for cresyl violet staining and 

immunohistochemistry with Hoechst to label nuclei. The stroke volume and thickness of the 

anterior commissure and the corpus callosum were measured, and cells were labeled for 

markers of human nuclei, human cytoplasm, human neural progenitors (nestin), neurons 

(MAP2, B3T), astrocytes (GFAP), dividing cells (Ki67), and microglia (CD11B). The 

number of labeled cells was stereologically estimated, co-labeling of cells was quantified, 

and optical densitometry of fluorescent marker integrated density (ID) was measured.

Data are presented as means ± standard deviation (SD). Behavioral scores were compared 

with one-way repeated measures analysis of variance. One-way ANOVA was used to assess 

for group differences in: the size of the infarct, anterior commissure, and corpus callosum; 

mean number of stereologically estimated labeled cells; graft cells co-labeling for secondary 

markers; and marker ID values.

Results

The figures are in the online supplement. There were no significant differences between 

groups for: any of the sensory or motor behavioral tests (figures 1 and 2); the size of the 

infarct, the anterior commissure, or the corpus callosum (figure 3); or tissue staining for 

Hoechst, GFAP, or CD11B (figures 4 and 7). Between the three grafted groups, there were 

no significant differences for graft cell number, or the amount of graft cells labelled for 
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nestin, MAP2, B3T, GFAP, or Ki67 (figure 5). No seizures were seen in the rats during the 

month following transplantation, and we did not see graft overgrowth or tumor formation.

Conclusions

We did not find a difference in behavioral or tissue outcomes after ischemic stroke between 

rats grafted with neural cells at different maturity states, or between grafted and control rats. 

The simplest explanation for these results is that these cells with this grafting regimen have 

no effect on these outcomes in this stroke model. Alternatively, a small beneficial effect may 

exist that would require a larger sample size to detect. It is also possible that the 

differentiation state of the grafted cells affects outcome, but in an unclear way that interacts 

with other variables of the grafting regimen, such as the dose of cells, the timing of grafting 

after stroke, or anatomical aspects of the intracerebral injection. Further research into the 

mechanisms of benefit of neural cell grafting in a wide range of stroke models may allow us 

optimize all variables of transplantation methods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
There were no significant differences between groups for the sensory behavioral tests.
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Figure 2. 
There were no significant differences between groups for the motor behavioral tests.
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Figure 3. 
There were no significant differences between groups for the size of the infarct, the anterior 

commissure, or the corpus callosum.
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Figure 4. 
There were no significant differences between groups for tissue staining for Hoechst, GFAP, 

or CD11B.
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Figure 5. 
There were no significant differences between the grafted groups for graft cell number, or 

the amount of graft cells labelled for nestin, MAP2, B3T, GFAP, or Ki67.
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Figure 6. 
Timeline of in vivo experimental events.
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Figure 7. 
Representative histological images of a control rat (left) and grafted rat (right, group 4W). 

The upper images are cresyl violet stained brain sections showing subcortical infarction. The 

lower images are immunohistochemistry of the infarct showing astrocytosis (GFAP in 

green), microcytosis (CD11B in red), and overall cellularity (Hoechst in blue).
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