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Abstract
Stroke stimulates neurogenesis in the adult rodent brain. The molecules that mediate stroke-induced
neurogenesis are not definitely known. Using microarrays containing approximately 400 known
genes associated with stem cell and angiogenesis, we compared transcriptional profiles of
subventricular zone (SVZ) tissue with cultured neural progenitor cells isolated from the SVZ 7 days
after ischemic stroke in the adult mouse. In SVZ tissue, we found that stroke upregulated 58 genes
which are involved in multiple signaling pathways during embryonic development, suggesting that
stroke recaptures embryonic molecular signals. In neural progenitor cells cultured in growth medium,
23 gene expressions were increased after stroke and 8 out of 23 genes overlapped with upregulated
genes in stroke SVZ tissue. Expression alterations of selected genes were confirmed by real-time
RT-PCR and immunohistochemistry. These in vivo and in vitro data provide new insight into the
genetic program of adult SVZ neural progenitor cells after stroke and demonstrate gene expression
differences between SVZ tissue and cultured SVZ cells.
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Introduction
Cerebral impairment caused by ischemic stroke prompts the proliferation, migration and
differentiation of SVZ progenitor cells in the adult brain (Arvidsson et al., 2002;Parent et al.,
2002;Jin et al., 2003;Zhang et al., 2004a;Zhang et al., 2004b). However the molecular basis
underlying these neurogenic events remains unknown. The identification of molecular
pathways and potential modulators of SVZ progenitor cells after stroke is not only critical for
the development of stem cell based medical therapies, but also vital for the pharmacological
promotion of neurogenesis.

Applying microarrays, several groups have shown complex gene profiles in cultured SVZ
neurospheres and SVZ tissue under different conditions (Gurok et al., 2004;Pennartz et al.,
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2004;Lim et al., 2006). In cultured SVZ neurospheres, Gurok et al. measured gene expression
changes during the course of neural progenitor cell differentiation (Gurok et al., 2004). Lim et
al. measured in vivo gene expression profiles of adult SVZ tissue and demonstrated RNA
splicing and chromatin remodeling as prominent processes for adult neurogenesis (Lim et al.,
2006). These in vivo and in vitro studies provide valuable information on gene profiling of
SVZ cells from the adult animal.

In the present study, we analyzed the transcriptional patterns of SVZ neural progenitor cells
in vivo and in vitro after middle cerebral artery occlusion (MCAo) by means of microarrays.
Our data demonstrate that stroke significantly alters gene profile expression and there are
distinct differences in gene expression between SVZ tissue and cultured SVZ cells.

Materials and Methods
Animal model of MCAo

Male C57BL/6J mice (3 to 4 months) were employed in this study. The right middle cerebral
artery (MCA) was occluded by placement of an embolus at the origin of the MCA, as previously
described (Zhang et al., 1997). MCAo evokes a peak increase of neurogenesis 7 days after
stroke (Zhang et al., 2004b;Zhang et al., 2001). Therefore, all mice were sacrificed 7 days after
MCAo.

Neurosphere culture and tissue samples
SVZ neural progenitor cells were dissociated from normal (n=3) and MCAo mice (n=3), as
previously reported (Zhang et al., 2004a;Reynolds et al., 1992;Chiasson et al., 1999;Morshead
et al., 2002). Briefly, brain localized to bregma 2.2 to −0.3 mm was cut into a coronal section
and the SVZ (2 mm width) from the lateral wall of the lateral ventricle was aseptically removed
(Fig. 1A). The ependymal cells were not included. The cells were plated at a density of
2×104 cells per milliliter in growth medium which includes DMEM/F-12 medium (Invitrogen
Corporation, Carlsbad, CA, USA), epidermal growth factor (EGF, 20 ng/ml, R&D System,
Minneapolis, MN, USA), and basic fibroblast growth factor (bFGF, 20 ng/ml, R&D System,
Minneapolis, MN, USA). SVZ cells were retained in a CO2 incubator for 7 days and processed
for microarray and RT-PCR analysis. SVZ tissue isolated from the ipsilateral hemispheres of
rats subjected to MCAo (n=3) and hemispheres of normal rats (n=3), were pooled and stored
at −80°C freezer until used in the microarray assay.

RNA isolation and gene expression microarray
Total RNAs from SVZ tissue and neurospheres were extracted using an RNeasy spin column
purification kit (Qiagen, Valencia, CA, USA) in accordance with the manufacturer's procedure.
To remove possible genomic DNA contamination, RNase-free DNase was used during the
RNA purification steps.

The non-radioactive GEArray Q series cDNA expression array filters (MM-601.2N;
SuperArray Incorporation, Frederick, MD, USA) were used and hybridization procedures were
performed according to manufacturer's instructions. The biotin dUTP-labeled cDNA probes
(biotin UTP-labeled oligo probes were applied in Oligo GEArray) were specifically generated
in the presence of a designed set of gene-specific primers using total RNA (4 g) and 1l reverse
transcriptase. The array filters were hybridized with biotin-labeled probes at 60°C for 17 hr.
The filters were then washed twice with 2× saline sodium citrate buffer (SSC)/1% sodium
dodecyl sulfate (SDS) and then twice with 0.1 x SSC/1% SDS at 60°C for 15 min each.
Chemiluminescent detection steps were performed by subsequent incubation of the filters with
alkaline phosphatase-conjugated streptavidin and CDP-Star substrate.
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Data processing
For quantification, intensity of spots was measured using GEArray Expression Analysis Suite
software (http://GEAsuite.superarray.com, SuperArray Incorporation, USA). Briefly, the
lowest density spot on the array was found, and the average density across that spot was used
as the background correction setting. Array spots were considered “present” only if genes were
between the 25% and 75% quartile for normalization. To reduce the contamination by adjacent
spots, “clover on” mode was used, which considers the four individual spots as a form of border
for the capture of expression data. Total density was divided by the number of pixels to obtain
average intensities that were used to compare gene expression levels between control and
MCAo groups.

Reverse transcription and Quantitative real-time RT-PCR
Total RNAs isolated from SVZ tissue (n=6 rats) and cultured SVZ cells (n=4 rats) were
processed by reverse-transcription. Real-time PCR was performed in ABI Prism 7700
Sequence Detection System (Applied Biosystems, Foster City, CA, USA) by using SYBR
Green PCR Master Mix (Applied Biosystems) with 3-stage program parameters provided by
the manufacturer, as follows: 2 min at 50°C to require optimal AmpErase uracil-N-glycosylase
activity, 10 min at 95°C to activate AmpliTaq Gold DNA polymerase, and then each cycle 15
s at 95°C, 1 min at 60°C for 50 cycles. 2 min at 50°C, 10 min at 95°C, and then 40 cycles of
15 s at 95°C and 1 min at 60°C. Table 1 lists primers (Invitrogen Incorporation, Carlsbad, CA,
USA) specific for the genes examined in the present study. Each sample was tested in triplicate
and data obtained from three independent experiments were expressed as a subtraction of the
quantity of specific transcripts to the quantity of the control gene (β-actin) in mean arbitrary
units. CT values were quantified by the 2−ΔΔCt method (Livak and Schmittgen, 2001).

Immunohistochemistry and immunocytochemistry
For immunohistochemistry, frozen sections were air-dried for 30 seconds, washed with PBS
three times (5 min each), followed by fixation with 4% paraformaldehyde or acetone for 20
min at room temperature, and then blocked with 1% bovine serum aluminum (BSA) in PBS
for 30 min. The following primary antibodies were applied for 1 hr at room temperature: goat
polyclonal antibody against, mouse monoclonal antibody against Tenascin C (1:500, Abcam,
Cambridge, MA, USA). After three washes in PBS (5 min each), biotinylated secondary
antibodies (1:200, Vector, Burlingame, CA, USA) were applied for 30 min at room
temperature. The reaction product was detected using 3'-3'-diaminobenzidine-
tetrahydrochloride (DAB, Sigma, St. Louis, MO, USA). Omitting primary antibodies was used
as a negative control.

For double immunofluorescence, brain sections were incubated overnight in a mixture of two
primary antibodies raised in different species (ie, rabbit anti-GFAP, mouse anti-nestin and
mouse anti-Tuj1). Species-specific CY3-and FITC-conjugated secondary antibodies (Jackson
ImmunoResearch, West Grove, PA, USA) were used to visualize double-fluorescent
immunostaining with Axioplan 2 fluorescent microscope (Carl Zeiss, Thornwood, NY, USA).
Confocal microscopy was performed with a LSM 510 Meta (Carl Zeiss, Thornwood, NY,
USA) and images were obtained at 2.2-m optical sections. Specificity of immunostaining was
confirmed by omitting the primary antibodies.

Quantification
Semi-quantitative measurements of immunoreactive cells were performed according to our
previously published methods (Zhang et al., 1999;Zhang et al., 2005). Briefly, immunoreactive
cells in the non-stroke and stroke SVZ were digitized under a 40x objective (BX40; Olympus
Optical) using a 3-CCD color video camera (DXC-970MD; Sony, Tokyo, Japan) interfaced
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with an MCID image analysis system. The data are presented as a percentage of positive
immunoreactivity area within the total SVZ area (pixel).

Statistical analysis
Student's t test was performed to compare immunoreactive cells in the SVZ between the non-
stroke and stroke groups. The data are presented as mean ± SD; P < 0.05 was taken as a
significant difference.

Results
General transcription profiles in SVZ neurospheres and SVZ tissue

To analyze genes involved in neurogenesis and angiogenesis after stroke, we employed the
GEArray S Series Mouse Stem Cell Gene Array containing 258 known genes and the Oligo
GEArray Mouse Angiogenesis Microarray containing 113 known genes
(www.superarray.com). Figures 1 demonstrated gene profiles in MCAo and normal SVZ tissue
from representative mouse stem cell gene arrays. To quantify the gene expression, all clones
with more than 1.5 fold estimated differences were subjected to further evaluation. This
threshold is based on a statistical analysis using online software provided by Superarray Inc,
which has been widely employed (Campos et al, 2003).

In SVZ tissue and cultured SVZ neural progenitor cells obtained from mice subjected to MCAo,
58 and 23, respectively, of 371 genes were upregulated compared with SVZ tissue and SVZ
neural progenitor cells obtained from normal mice (Fig. 1, 2 and Table 2, 3). Many genes are
associated with the development of neural progenitor cells. Eight additional novel genes
upregulated by MCAo overlapped between SVZ tissue and cultured SVZ cells (Table 2, 3),
which included Hif 1α, a transcription factor that is essential for adaptive responses of the cell
to hypoxia (Ran et al., 2005;Sharp et al., 2004).

Comparison of expression profiles between SVZ tissue and cultured SVZ neurospheres
induced by MCAo

To identify the difference in gene expression profiles after MCAo, specific gene subfamilies
were compared. Fibroblast growth factors (FGFs) are multifunctional signaling proteins that
regulate developmental processes and adult physiology. Compared with normal SVZ, we found
that multiple FGF subtypes and FGF receptor were upregulated in MCAo SVZ tissue (Table
2). However, FGF subtype genes were not upregulated in cultured SVZ neural progenitor cells
(Table 3).

Integrins are cell surface receptors involved in cell-cell and cell-extra cellular matrix
interactions (Campos LS, 2005). Several integrins were upregulated in MCAo SVZ tissue
(Table 2), whereas MCAo did not strikingly increase integrin expression in cultured neural
progenitor cells (Table 3). In addition, several other matrix molecules, for example intercellular
adhesion molecule 5 (ICAM 5) and Tenacin C (Tenc) were increased in in vivo SVZ tissue,
and in cultured SVZ neurospheres (Table 2 and 3).

Compared with normal SVZ tissue, MCAo dramatically induced transforming growth factor-
β signaling related molecules, including Bmp6, Bmp8a, Bmpr1a, Bmpr2 and Nodal expression
(Table 2). In contrast, upregulation of TGF- β genes was not detected in MCAo derived neural
progenitor cells cultured in the growth medium.

The wingless (Wnt) is a large family of secreted glycoproteins and plays a key role in cell fate
specification and CNS patterning (Ciani and Salinas, 2005). Frizzled (Fzd) 1, Fzd3, Fzd8,
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Catna 1 and Catna 2 were upregulated in stroke SVZ tissue, but not in cultured stroke neural
progenitor cells (Table 2).

Confirmation of gene expression profile by Real-Time RT-PCR and immunohistochemistry
To verify stroke-upregulated genes observed in microarrays, we performed real-time RT-PCR
analysis for 21 selective genes (Table 1) in SVZ tissue and neurospheres. Upregulation of these
genes was detected in MCAo SVZ tissues and cultured SVZ cells compared with that in normal
SVZ cells (Fig. 1C, 1E, 2A and 2B), confirming our findings in the microarrays.
Immunostaining analysis showed significant (P<0.05) increases of the ipsilateral SVZ cell
immunoreactivity of Bmp8a (27.8 ± 5.1% vs 21.1 ± 4.3% for contralateral, n=8), integrin αV
(37.5 ± 4.2% vs 18.1 ± 9.4% for contralateral, n=8), and sox 4 (15.0 ± 1.2% vs 9.4 ± 2.6% for
contralateral, n=8), which are consistent with our previous findings (Liu et al., 2006). MCAo
also resulted in a significant increase of tenascin C positive SVZ cells and double
immunofluorescent staining revealed that these cells were GFAP immunoreactive (Fig. 3A to
3F).

Discussion
Using a customized microarray approach, genes that mediate neurogenesis and angiogenesis
were screened in adult SVZ progenitor cells in vivo and in vitro after MCAo. Gene profiles in
normal SVZ progenitor cells are generally consistent with previous in vivo and in vitro findings
(Gurok et al., 2004;Pennartz et al., 2004;Lim et al., 2006). Ischemic stroke triggered many
genes in the adult SVZ cells, which are involved in multiple signaling pathways during
embryogenesis. These genes included: 1) TGF-beta1 and Bmp superfamily, 2) Wnt family, 3)
Notch signals, suggesting that embryonic molecular morphogenes and signals might mediate
stroke-induced neurogenesis in the adult SVZ niche (Alvarez-Buylla and Lim., 2004;Van et
al., 2005;Sun et al., 2005;James et al., 2005;Bonnert et al., 2006). These gene profiles triggered
by stroke may be specific to SVZ cells because in the ischemic cortex and subcortex, stroke
upregulates many genes associated with stress, inflammation, apoptosis, trophic factors and
immediate early genes (Soriano et al., 2000;Raghavendra et al., 2002;Lu et al., 2004;Vikman
and Edvinsson., 2006).

To examine gene profile changes in vivo and in vitro after stroke, we employed SVZ tissue
and a neurosphere assay that has been commonly used for studying neurogenesis in vitro
(Zhang et al., 2004a;Reynolds and Weiss., 1992;Chiasson et al., 1999;Morshead et al., 2002).
The gene profiles of SVZ tissue dissected 7 days after stroke have much in common with the
profiles of stroke SVZ cells isolated by laser capture microdissection (Liu et al., 2006). The 7
day time point is the peak stage of neurogenesis in the SVZ cell population after stroke (Zhang
et al., 2004a). Stroke upregulated more genes in SVZ tissue than that in the SVZ neurosphere
cells cultured in the growth medium, which is expected because the cell population of SVZ
tissue is different from that of neurosphere cells which only contain type A, B, and C cells
(Alvarez-Buylla and Lim., 2004) where SVZ tissue contains SVZ neural progenitor cells,
endothelial cells and microglial cells. Furthermore, neural progenitor cells in SVZ tissue are
in different stages of proliferation, differentiation, and migration, which are regulated by a
variety of genes, whereas neurospheres employed in the present study were cultured in the
growth medium containing high levels of exogenous EGF and bFGF that propagate
neurospheres, likely leading to remarkable alterations in their transcriptional profiles (Hack et
al., 1993;Gabay et al., 2003;Bonnert et al., 2006).

Our observation that stroke-increased expression of MMP2 and Timp1 is intriguing, based on
the emerging data that MMPs and TIMPs are involved in neurogenesis and neuroblast
migration (Tsukatani et al., 2003;Yong VW, 2005;Lee et al., 2006;Zhang et al., 2006). MMPs
regulate cell migration and invasion (Hu et al., 2006). Neuroblasts in the SVZ of adult rodent
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travel the rostral migratory stream (RMS), as chains through tunnels formed by astrocytes, to
the olfactory bulb where they differentiate into granule and periglomerular neurons throughout
adult life (Garcia-Verdugo et al., 1998). Stroke increases the migration speed of neuroblasts
and induces neuroblast migration towards the ischemic boundary region (Jin et al., 2003;Zhang
et al., 2004a). Thus, increased expression of MMP2 and Timp1 in SVZ cells might promote
neuroblast migration. In addition, stroke upregulated tenascin C expression, which mediates
neuroblast migration (Peretto et al., 2005).

Although there were discrepancies of gene profile changes in neurospheres and their in vivo
counterparts, eight genes upregulated by MCAo overlapped in SVZ tissue and neurospheres,
suggesting that cultured SVZ cells retain signals initiated by stroke. Among them, Hif 1 α was
strongly upregulated, suggesting that SVZ cells are subjected to hypoxia which could trigger
changes of gene profiles (Zhu et al., 2005). Interestingly, when SVZ cells derived from MCAo
mice were incubated under normal oxygen conditions, Hif 1α expression was still upregulated
in these cells. Our findings are consistent with recent reports that dynamic gene profile changes
were found in neurospheres cultured in different media and that SVZ cells remain stable in
vitro after brain injury (Gurok et al., 2004,Dizon et al., 2006;Dictuset al., 2007). Therefore, in
vivo and in vitro gene profile changes after stroke are complementary, but not identical.

In summary, we provide a dataset in comparison of in vivo and vitro gene expression changes
in the adult neural progenitor cells after stroke. Our data show that stroke induces complex
gene profile changes in the SVZ niche, which could serve as an initial step for future analysis
of the molecular signals that mediate adult neurogenesis after stroke.
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Figure 1.
A schematic of a coronal brain section shows a box where SVZ tissue was harvested for
microarray analysis and the ependymal cells were not included (A). Total RNAs obtained from
SVZ tissue of normal mice or mice subjected to 7 day MCAo were extracted and microarray
was performed by means of the non-radioactive GEArray Q series cDNA expression array
filters. Panel B shows gene profiles of GE mouse stem cell cDNA chip from representative
stroke and non-stroke SVZ tissues. Real-time RT-PCR analysis confirmed selective
upregulated-genes detected on the microarrays in SVZ tissue (C). Panel D shows gene profiles
of cultured SVZ cells harvested from normal mice and mice subjected from MCAo. Panel E
shows real-time RT-PCR results of selective upregulated-genes in cultured SVZ cells. SVZ
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cells were cultured in the growth medium for 7 days. Blue boxes in panels B (MCAo) and D
(MCAo) represent upregulated genes. *P<0.05, #P<0.01, n=5-6 /group, LV = lateral ventricle.
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Figure 2.
Panels A and B are the results of real-time RT-PCR analysis showing mRNA levels of selective
genes that were upregulated on the Oligo GEArray Mouse Angiogenesis microarray in SVZ
tissue (A) and cultured SVZ neuropsheres (B). *P<0.05, #P<0.01, n=5-6 /group.
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Figure 3.
Microphotographs of tenascin C immunoreactive cells in the SVZ. MCAo induced an increase
in tenascin C immunoreactive cells in the ipsilateral SVZ (A, ipsi), although tenascin C
immunoreactive cells were presented in the contralateral SVZ (A, contral). Panel B shows
semi-quantitative data of tenascin C immunoreactivity. Double immunofluorescent staining
revealed that tenascin C (TENC) immunoreactive cells (C, D and F, arrows) were GFAP
positive (E and F, arrows). LV = lateral ventricle.
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Table 1
Primer sequences of genes applied in real-time RT-PCR

Genes Sense Anti-sense Size

β-actin 5′-CCATCATGAAGTGTGACGTTG 5'-CAATGATCTTGATCTTCATGGTG 150bp
Bmpr1a 5′-ATGCAAGGATTCACCGAAAG 5′-AACAACAGGGGGCAGTGTAG 100bp
Catna1 5′-CTACGTGGCTTCCACCAAAT 5′-TCTCTTCACCAACGGCTTCT 109bp
CCL2 5′-CCCAATGAGTAGGCTGGAGA 5′-TCTGGACCCATTCCTTCTTG 125bp
CXCL 10 5′-AAGTGCTGCCGTCATTTTCT 5′-CTATGGCCCTCATTCTCAC 128bp
Edg1 5′-GGCCCCTCTCTTCATCCTAC 5′-GATGATGGGGTTGGTACCTG 124bp
Ephrin A1 5′-ATCAGGAATCCCAGTGC TG 5′-CAATGCTGTGCAAAACCTGT 134bp
Ephrin B2 5′-AATCTCCTGGGTTCCGAAGT 5′-GTCTCCTGCGGTACTTGAGC 111bp
Hgf 5′-AGGAACAGGGGCTTTACGTT 5′-GTCAAATTCATGGCCAAACC 126bp
Hif1α 5′-GAAATGGCCCAGTGAGAAAA 5′-CTTCCACGTTGCTGACTTGA 119bp
Mtap 1b 5′-AACCTCATCTCCCCTGACCT 5′-TGTTGGGTTCTGGGTCTTTC 73bp
Notch4 5′-GCTCTTGCCACTCAATTTCC 5′-GAGATAGCCTCAGGCAGGTG 101bp
PECAM 5′-TCACCATCAACAGCATCCAT 5′-GGTGCTGAGACCTGCTTTTC 120bp
Stmn2 5′-GCAATGGCCTACAAGGAAAA 5′-TTCACCTCCATGTCGTCGTA 116bp
Stabilin 1 5′-ACCTGTCATGGGAGAGTTGG 5′-ACAGTGAAAGGTCCGTCACC 110bp
Sox4 5′-AGTGAAGCGCGTCTACCTGT 5′-TTCGTACAACCCCAGTGGAT 102bp
TenC 5′-TGGAGTACGAGCTGCATGAC 5′-AAACTTGGTGGCGATGGTAG 101bp
Thbs2 5′-GTGATGTCACCAGCAACACC 5′-CAAGTCACGGAGCATGAAGA 135bp
Timp 1 5′-CATGGAAAGCCTCTGTGGAT 5′-AAGAAGCTGCAGGCATTGAT 111bp
Zfp110 5′-CAGAAGGGCACTGGAAAGAG 5′-TATGGAGGAGCCATGTGTCA 141bp
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Table 2
Gene expression profile in subventricular zone tissues after MCAo

Symbol Gene name RefSeq
number

Fold
change

Angptl4 Angiopoietin-like 4 NM_020581 1.53
Bmp6 Bone morphogenetic protein 6 NM_007556 1.82
Bmp8a Bone morphogenetic protein 8a NM_007558 1.88
Bmpr1a Bone morphogenetic protein receptor, type 1A NM_009758 1.62
Bmpr2 Bone morphogenic protein receptor, type II

(serine/threonine kinase) NM_007561 2.01
Catna1 Catenin alpha 1 NM_009818 2.07
Catna2 Catenin alpha 2 NM_009819 1.67
CCL2* Chemokine (C-C motif) ligand 2 NM_011333 2.99
Cd34 CD34 antigen NM_133654 2.46
CXCL10* Chemokine (C-X-C motif) ligand 10 NM_021274 9.92
Cst3 Cystatin C NM_009976 2.26
Erbb2ip Erbb2 interacting protein NM_021563 1.95
Fgf12 Fibroblast growth factor 12 NM_010199 1.94
Fgf22 Fibroblast growth factor 22 NM_023304 1.97
Fgf23 Fibroblast growth factor 23 NM_022657 2.30
Fgf3 Fibroblast growth factor 3 NM_008007 2.32
Fgf5 Fibroblast growth factor 5 NM_010203 3.11
Fgfr1 Fibroblast growth factor receptor 1 NM_010206 2.39
Fzd1 Frizzled homolog 1 (Drosophila) NM_021457 2.58
Fzd3 Frizzled homolog 3 (Drosophila) NM_021458 1.68
Fzd8 Frizzled homolog 8 (Drosophila) NM_008058 2.09
Gata2* GATA binding protein 2 NM_008090 1.62
Gcm2 Glial cells missing homolog 2 (Drosophila) NM_008104 1.59
Gdf9 Growth differentiation factor 9 NM_008110 2.36
Gjb1* Gap junction membrane channel protein beta 1 NM_008124 1.96
Hif1 α* Hypoxia inducible factor 1, alpha subunit NM_010431 2.29
Icam5* Intercellular adhesion molecule 5, telencephalin NM_008319 1.92
Il6st Interleukin 6 signal transducer NM_010560 3.10
Itga6 Integrin alpha 6 NM_008397 1.95
Itga7 Integrin alpha 7 NM_008398 3.19
Itgav Integrin alpha V NM_008402 4.23
Itgax Integrin alpha X NM_021334 3.18
Itgb4 Integrin beta 4 L04678 2.03
Lifr Leukemia inhibitory factor receptor NM_013584 2.92
Mmp2 Matrix metalloproteinase 2 NM_008610 1.63
Mbp Myelin basic protein NM_010777 2.41
Mtap2 Microtubule-associated protein 2 NM_008632 2.35
Mtap1b Microtubule-associated protein 1 B NM_008634 1.57
Myl4 Myosin, light polypeptide 4, alkali; atrial, embryonic NM_010858 1.84
Ncam2 Neural cell adhesion molecule 2 NM_010954 2.44
Nefl Neurofilament, light polypeptide NM_010910 3.05
Nkx2-2 NK2 transcription factor related, locus 2 (Drosophila) NM_010919 3.38
Nodal Nodal NM_013611 2.04
Notch4 Notch gene homolog 4 (Drosophila) NM_010929 1.99
Ntrk2 Neurotrophic tyrosine kinase, receptor, type 2 NM_008745 3.43
Olig1 Oligodendrocyte transcription factor 1 NM_016968 2.86
Plp Proteolipid protein (myelin) NM_011123 1.55
Prdc Protein related to DAN and cerberus NM_011825 2.31
Ptch Patched homolog NM_008957 1.75
Stmn2 Stathmin-like 2 NM_025285 3.36
Slc1a2 Solute carrier family 1, member 2 NM_011393 2.19
Sox3 SRY-box containing gene 3 NM_009237 2.79
Sox4* SRY-box containing gene 4 NM_009238 2.39
Sphk1 Sphingosine kinase 1 NM_025367 1.93
Stab1 Stabilin 1 NM_138672 2.14
Timp1* Tissue inhibitor of metalloproteinase 1 NM_011593 2.85
Utf1 Undifferentiated embryonic cell transcription factor 1 NM_009482 2.04
Zfp110 Zinc finger protein 110 NM_022981 3.99

*
shows the upregulated-genes were detected on microarrays in both SVZ tissue and SVZ neuropsheres.
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Table 3
Gene expression alteration in subventricular zone neurospheres after MCAo

Symbol Gene name RefSeq
number

Fold
change

CCL2* Chemokine (C-C motif) ligand 2 NM_011333 2.21
Cdkn1a Cyclin-dependent kinase inhibitor 1A (P21) NM_007669 1.65
Ctgf Connective tissue growth factor NM_010217 1.77
CXCL10* Chemokine (C-X-C motif) ligand 10 NM_021274 2.95
Dnmt1 DNA methyltransferase (cytosine-5) 1 NM_010066 1.95
Edg1 Endothelial differentiation sphingolipid G-protein-

coupled receptor 1 NM_007901 2.75
Efnb2 Ephrin B2 NM_010111 3.27
Egfr Epidermal growth factor receptor NM_007912 1.51
Gata2* GATA binding protein 2 NM_008090 2.49
Gjb1* Gap junction membrane channel protein beta 1 NM_008124 1.52
Hgf Hepatocyte growth factor XM_131908 4.92
Hif1α* Hypoxia inducible factor 1, alpha subunit NM_010431 3.47
Icam5* Intercellular adhesion molecule 5, telencephalin NM_008319 1.81
Igf1r Insulin-like growth factor I receptor NM_010513 1.60
Notch1 Notch gene homolog 1 (Drosophila) NM_008714 1.89
Pofut1 Protein O-fucosyltransferase 1 NM_080463 1.67
S100b S100 protein, beta polypeptide, neural NM_009115 1.68
Sox4* SRY-box containing gene 4 NM_009238 1.76
Thy1 Thymus cell antigen 1, theta NM_009382 2.16
Thbs2 Thrombospondin 2 NM_011581 1.81
Timp1* Tissue inhibitor of metalloproteinase 1 NM_011593 1.89
Tenc Tenascin C NM_011607 3.46
Vim Vimentin NM_011701 1.59

*
shows the upregulated-genes were detected on microarrays in both SVZ tissue and SVZ neuropsheres.
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