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論 文 内 容 の 要 旨 

INTRODUCTION 

Stroke is a leading cause of death and disability worldwide. It is caused by cerebral 

blood flow disruption, which leads to necrotic death of brain tissue. Soon after necrosis, 

a neuroinflammatory system is activated, marked by sequential infiltration of 

granulocytes and macrophages. Although these infiltrating cells show favorable effects 

including clearance of dead tissues, their excessive activation is proved to increase the 

lesion size by inducing apoptosis in the circulation compromised area around the necrotic 

core, so called penumbra. Hence, a therapy that replaces the dead tissue, controls 

neuroinflammation and provides neuroprotection might be good for stroke management. 

Recently, transplantation of various types of stem cells including Mesenchymal 

stem cells, neural stem cells (NSC), embryonic stem cells and induced pluripotent cells 

are demonstrated to provide beneficial effects in stroke condition. Among the stem cell 

types, neural stem cell (NSC)-based therapy could be important, because it can 

differentiate to neurons, enhances angiogenesis and induces endogenous neurogenesis, 

and modulates neuroinflammatory system. Previously, a neural stem cell line (HB1.F3) 

is shown to differentiate to neurons and astroglial cells in stroke condition and provide 

beneficial effects. In this study, we investigated its immune modulatory and 

neuroprotective effects. Most of the stem cell transplantation studies extensively 

investigated the immune modulatory effects at sub-acute stage. However, immune 

modulation during very early phase might also be important, because during this time the 



events of neuroinflammation and other pathological aspects of stroke are different than 

that of sub-acute phase of the disease. We transplanted HB1.F3 in a rat stroke model at 

an early time point, and found that it modulates the initial events of neuroinflammation 

at the level of cell infiltration and pro-inflammatory gene expression, provide 

neuroprotection and consequently improves functional performance. 

MATERIALS AND METHODS 

The experimental protocol and procedures were approved by the Ethical 

Committee of the Shimane University School of Medicine. HB1.F3 NSC was generated 

by infecting primary telencephalon cells with an amphotropic, replication incompetent 

retroviral vector-containing v-myc, and cultured in DMEM containing 5% horse serum. 

Cerebral ischemia model was generated by middle cerebral artery occlusion (MCAO) in 

healthy adult male Wister rats. HB1.F3 cells were transplanted through jugular vein 6 h 

after MCAO. Neurological performance was tested at 6 and 48 h after MCAO using a 

neurological severity scoring (NSS) system. The rats were sacrificed at 24 or 48 h after 

MCAO. Necrosis and tissue damage were evaluated by Haematoxylin and Eosin (HE) 

staining, and apoptosis by TUNEL assay. Granulocytes and macrophage/microglia 

infiltration was analyzed by cell-specific marker immunofluorescence staining. 

Proinflammatory factors including COX-2 and iNOS were evaluated by 

immunofluorescence staining, and their localization were determined by double 

immunofluorescence staining with cell type specific markers. The gene expression of 

growth factors and cytokines in HB1.F3 at basal culture condition was evaluated by real 

time PCR using gene specific primers. The numerical data are presented as mean values 

± SD. Statistical analysis was done by one-way ANOVA, followed by Scheffe's post hoc 

test or paired t-test, and significance level was set at p< 0.05. 

RESULTS AND DISCUSSION 

Compared to a selective COX-2 inhibitor (NS-398)-treated, or PBS-treated rats, 

HB1.F3 transplanted rats showed improved neurological performance, and decreased 

TUNEL positive apoptotic cell number in the penumbra 48 h after MCAO. However, it 

did not affect necrosis, as revealed by HE staining and RIPK1 immunostaining. Apoptotic 

neuronal death in cerebral ischemia is influenced by local inflammatory condition, which 

can be altered by modulation of that inflammatory condition. To elucidate possible 

underlying mechanism of improvement, we checked the infiltration of inflammatory cells 

24 h after MCAO. Immunostaining of cell type specific markers demonstrated that both 

granulocytes and macrophage/microglia infiltration were decreased in the core region of 

HB1.F3 transplanted group, but not in NS-398 group. Neutrophils and 

macrophage/microglia are shown to play a great role in determining the lesion size and 



disease outcome of stroke. Hence, regulation of inflammatory cell infiltration might be 

one of the main features of HB1.F3 transplantation-induced modulation of 

neuroinflammation in this condition. 

Immunohistochemical analysis further demonstrated that iNOS and COX-2 

expressing cell number were decreased in the core and penumbra, respectively, in both 

HB1.F3-transplanted and NS-398 rats. Double immunofluorescence results revealed that 

iNOS was mainly expressed in granulocytes and macrophage/microglia in the core region, 

and COX-2 in neurons and endothelial cells the in the penumbra. A few granulocytes 

were also shown to be positive for COX-2. As the number of granulocytes and 

macrophage/microglia, the principal cells that express iNOS, was decreased by HB1.F3 

transplantation, the decrease of iNOS positive cell number might be due inhibition of cell 

infiltration, not due to inhibition of iNOS production. Analysis of the percentage of iNOS 

expressing cells revealed that indeed, the percentage of iNOS positive granulocytes and 

macrophage/microglia was similar between HB1.F3 transplantation and PBS-control rats. 

However, NS-398 treatment decreased the percentage of iNOS expressing granulocytes 

and macrophage microglia. The number COX-2 expressing neurons and vessel was 

decreased in both HB1.F3 transplanted and NS-398 treated rats. These results are 

suggesting that HB1.F3 transplantation affected only COX-2 expression, and reduction 

of iNOS was due to inhibition of iNOS-producing cell accumulation.  

To understand further about the role of HB1.F3 on stroke pathology, we analyze 

the mRNA expression of growth factors and cytokines in basal culture condition. Our 

results showed that brain-derived neurotrophic factor (BDNF), basic fibroblast growth 

factor (βFGF) and bone morphogenic protein (BMP)-4 expression was high in cultured 

HB1.F3 cells. Previous studies showed that these growth factors can provide 

neuroprotection, and affect neuronal and astroglial differentiation. 

Therefore, considering its effect on inflammatory cell infiltration and 

proinflammatory gene expression in vivo condition, and growth factor expression at basal 

culture condition, the beneficial effects of HB1.F3 transplantation in stroke condition 

might be the combined effects of modulation of neuroinflammation and growth factor 

mediated neuroprotection. 

CONCLUSION 

Thus, early transplantation of HB1.F3 in stroke could be beneficial through 

regulation of neuroinflammation and neuroprotection from early phage, and subsequently 

replacing damaged tissue by differentiation into neurons and astroglia. Such early 

intervention might be a good strategy for the therapy of stroke. 




