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i The purpose of this study is to develop a cell transplantation-based
improved therapy for stroke We transplanted M2 microglia (M2-MG6) first, then neural stem cells

(NSCs) in a stroke model. Structural, functional, and molecular changes were assessed.

Stroke volume was decreased, and neurological performances were increased in both NSC-alone or NSC+
M2-MG6 groups compared to vehicle group, but no difference between NSC-alone and NSC+M2-MG6 groups.
Histologically, cell accumulations and tissue damages were higher in NSC-alone group compared NSC+
M2-MG6 group. GFAP+ astrocytes were similar, but Iba-1+ microglia numbers were decreased in NSC+
M2-MG6 groups compared to NSC-alone group. Angiogenesis and neuron numbers were increased in NSC+
M2-MG6 groups compared to NSC-alone. Moreover, phagocytosis process, and transplanted NSC numbers
were increased in NSC+M2-MG6 group. Thus, prior transplantation of M2 microglial cleared the damaged

tissues and improved NSC survival in the stroke area.

Cell-based therapy for cerebral infarction.
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Stroke is a leading cause of death and disability worldwide. Although we have much understandings
about stroke pathology, disease modifying therapy is still illusive. Recently, cell-based therapy is
gaining much interest. However, there are some drawbacks: 1. Transplanted cell homing in the lesion
areais not efficient. 2. Survival of transplanted cells are inadequate, resulting failure of incorporation
to the host tissue. Hence, the beneficial effects of the transplanted cells are often limited. The reason
of such limited homing and survival could be a hostile environment in the lesion area caused by M1-
microglia that induce inflammation and tissue damages.

M2 type microglia produce anti-inflammatory cytokines, chemokines and growth factors. Also, it can
clean the lesion area by phagocytosis. Hence, we hypothesized that early transplantation of M2-
microglia in the stroke condition could induce an anti-inflammatory environment by releasing anti-
inflammatory cytokines and phagocytic cleaning of damaged tissue, which provides a better

microenvironment for engraftment of transplanted NSCs.

Purpose of this study is to develop an improved cell-based therapy for stroke. Several studies have
been done where mono-cell therapy of neural stem cells (NSCs), mesenchymal stem cells, iPS,
embryonic stem cells or microglia have been done in stroke animal models. Each cell type modulates
different aspect of the pathology. Although transplantation of different cell types shows some
improvement of the condition, homing of the transplanted cells was low, which exist in the lesion area
for a limited time. Hence, the aim of this study is to investigate about the effects multi-cell
transplantation of M2 type microglia and NSCs sequentially in stroke condition, which could improve

the homing and grafting of NSC in the lesion area.

1. Cell culture:

Generation and culture of NSC: NSC was isolated from a wild-type mouse embryo of MRL
background, and immortalized by introducing small and largeT antigen. Following media
were used for NSC and neurosphere culture; NSC medium: DMEM (high glucose): F12
ham 1:1, 2% FBS, N2 supplement, bFGF 20 ng/ml, EGF 20 ng/ml. Neurosphere medium:
DMEM (high glucose): F12 ham 1:1, 1X N2 supplement, 1X B27 supplement, bFGF 20
ng/ml, EGF 20 ng/ml. For neuronal differentiation, following medium was used DMEM
(high glucose): F12 ham 1:1, bFGF 20 ng/ml, EGF 20 ng/ml, and the cells were cultured in
apoly-L-lysine coated dish for at least 14 days.

MG6 culture: Microgliacell line, MG6 was a generous gift from Dr. Hiroshi Kitani. MG6
was cultured in DMEM (high glucose), 10% FBS, 100 uM B-mercaptoethanol, and 10 uM
insuline. For M2 differenciation, MG6 was stimulated with IL-4 (10 ng/ml) for 24 h.
Characterization of NSC and MG6 culture was done by checking the marker expression
using real time PCR and immunocytochemistry.

2. Generation of stroke model: Stroke animal model was generated by mechanically occluding
right middle cerebral artery (MCAO: middle cerebral artery occlusion) of Wister rats. Adult
male rats (n=20; 8 weeks old; CLEA Japan,Tokyo) weighting 250 to 300 g were used in
this experiments. Rats were anesthetized with 4% hal othane, and anesthesia was maintained



with 1-2% hal othane using a face mask. Then right common carotid artery, external carotid
artery and internal carotid artery were exposed viaa ventral midlineincision. Thetip of a4-
0 monofilament nylon suture was rounded and coated with silicon, and inserted in the right
externa carotid artery. The suture was advanced into of the internal carotid artery to block
the origin of the right middle cerebral artery. After 90 minutes, the animals were re-
anesthetized with hal othane and nylon monofilament was removed, and the end of the
externa carotid artery was tied. The rats were allowed to recovery from anesthesia and
returned to the cages.

3. Transplantation of Microgliaand NSC: Six hours after MCAOQ, the rats were eval uated
functionally using a neurological severity scoring (NSS) system. Rats of similar NSS, was
randomly divided into 4 groups. 1. PBS control group, 2. NSC-alone transplanted group, 3.
Mg6-alone group and 4. NSC+MG6 group. Grouping was done in a blinded manner. Then 6
h after MCAO, 3X10° IL-4 treated MG6 was transplanted through tail vein to rats of group
3 and 4. Twenty four h after MCAQ, 3X10° IL-4 NSC was transplanted through tail vein to
rats of group 2 and 4.

4. Stroke volume measurement: Stroke volume was measured by MRI.

5.Neurological performances: Neurological performance was evaluated using a neurological

severity scoring system. NSS was done on day 2, 5 and 7 after MCAO in a blinded manner.

6. Evaluation of histological and molecular pathology: Histological changes was done by
hematoxylin and eosin staining, and molecular changes was eval uated by immunostaining.

Characterization of NSC line: First, we characterized the NSC line we have generated. Cell culture
datareveaed that the NSC line we generated could make neurospherein neurosphere culture condition.
Also, it can differentiate into neurons in appropriate culture condition. Additionally, it showed high
expression of NSC specific proteins including nestin and sox2.

Strokevolumeand neurological severity scores: Stroke volume was measured by MRI. MRI results
showed that both NSC-alone and NSC+MG6 group showed significantly decreased stroke volume
compared to PBS control group. However, the stroke volume was not different among NSC-alone and
NSC+MG6 groups. Similarly, Neurological performance was severity improved in NSC-alone and
NSC+MG6 groups compared to PBS control as shown by decreased NSS scores.
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Histological analyss: Histological analysis showed that in NSC-alone group (left picture), cell
number in the core region was higher compared to NSC+MG6 group (right picture). Also, tissue
damage was decreased, and vessel-like structure was increased in NSC+MG6 group.



Histology of lesion area-7 d after MCAO
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Glial reaction: Changes of astrocytes and microglia was evaluated by GFAP and Iba1l
immunostaining, respectively. Immunostaining results showed that GFAP+ astrocytes number was
similar between NSC-alone and NSC+MG6 group. But Iba-1+ microglia number was decreased in
NSC+MG6 group. Moreover, protoplasmic-type astrocytes and iINOS+ cell number was decreased
number was decreased, suggesting a decreased inflammatory condition in NSC+MG6 group.
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Phagocytic microglia: Next, we checked the levels of phagocytic microglia levels in MCAO
condition. Double immunofluorescence staining was done to identify phagocytic microglia, where
microglia were identified using Iba-1 and phagocytic cells using CD68. The results showed that in
NSC+MG6 group, phagocytic microglia numbers were higher than NSC-alone group. Such results
indicate that phagocytic cleaning of the lesion area could be the reason of decreased inflammation

observed in NSC+MG6 group.
Phagocytosis in MCAO
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Neural progenitor cell homing in thelesion area: Since, inflammatory condition is detrimental for
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the survival of neural progenitor cells, and NSC+M G6 group showed decreased levels of inflammation,
we checked neural progenitor cell number in the core of MCAO rat brains by nestin immunostaining.
The results showed that in the lesion area, nestin+ cell number was increased in NSC+MG6 group
compared to NSC-alone group.

Migration of transplanted NSC in the leson area of MCAO modd: Then we checked



accumulation of transplanted NSC in the lesion area. Since, transplanted cells were immortalized by
transducing largeT antigen, we identified transplanted cells in the brains by largeT antigen
immunostaining. Our immunostaining results showed that largeT antigen+ transplanted cell number
was dlightly but significantly increased in the lesion area of NSC+MG6 group.

Number and morphology of neuronsin the leson area of MCAO modd: Finally, neuronal cell
number in the lesion area was evaluated by NeuN immunostaining. After counting the NeuN+ cellsin
the core of the lesion area, we found that the positive cell number was increased in NSC+M G6 group.
We also checked the morphology of neuronal cellsin the lesion area by Btubulin immunostaining. The
results showed that in both NSC-alone and NSC+MG6 groups, Btubulin+ neuronal cells extended
processes. However, in NSC+MG6 group the processes seemed to be well-formed and longer than
NSC-alone group.

Btubulin immunostaining
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Larger neuron processes found in NSC+MG6 group

Thus, our results showed that prior transplantation of 1L-4 primed microglia cleanup the lesion areain
MCAO condition by phagocytosis, which decreased the inflammatory condition without affecting the
astrocytic support. Such condition could be beneficial for grafting of transplanted cells, and homing
of native neural progenitor cells. Moreover, differentiation of mature neurons could be supported in
this condition. Since such sequential transplantation of IL-4 primed microglia and NSC improve
homing, grafting and differentiation of neuronal stem cells, such method could be useful for the
therapy for stroke condition.
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