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Abstract Objective As the largest pool of neural stem cells in mammalian animals, the subventricular zone ( SVZ )
persists through lifetime and retains the potency of self-renewing, cell proliferation and differentiation. After brain ischemia, this
potency can be recaptured and neurogenesis be accomplished, which provides a potentially significant therapeutic strategy for
ischemic injury not only in adult brain but also in premature brain. A specialized milieu supports neurogenesis and regeneration
after injury in SVZ. Stem cells frequently reside in niches that regulate their selfrenewal, activation and differentiation.
Understanding the molecular component changes after ischemia in neural stem cell niche is crucial to delineating the function of
neural stem cells and ultimately their therapeutic potential. Methods  To investigate the effect of brain ischemia on premature
SVZ, 3-day old Sprague-Dawley rats were employed, both bilateral carotid arteries were occluded for experimental group and rats
with unoccluded arteries were used as the control group and animals were killed at the chosen time point: 1 day, 4 days and 7days
after surgery. After SVZ culture was isolated, RNA was extracted and processed, microarrays containing approximately 28 000
known genes were applied to get the data about gene expression changes, and three methods were used to analyze this data bulk:
differential expression analysis, cluster analysis based on time series and gene regulatory network based on function similarity . The
expression of TGF-B, and its downstream protein Smad2 were certificated by Real-Time PCR. Results (I By differential
expression analysis, 17 genes were found to be changed in SVZ niche after ischemia, among them, 10 were up-regulated and 7 were
down-regulated. These genes were associated with multiple functions including signal transduction, inflammation and cellular
structure, etc. (2 By cluster analysis based on time series, TGF-B among all the genes participating in cell proliferation and

apoptosis, was found to take an important role in the gene expression changes. It was found that both TGF-B, and Smad2 mRNA
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increased at each of three time points, and the peak increase occurred at 7 days after the ischemic injury. @In the gene network
based on function similarity composed of all the genes in Wnt, TGF, BMP and VEGF pathways, 13 were found to act as the hinges.
Conclusions  The cross-talk of Wnt, TGF, BMP and VEGF pathways was likely to constitute a part of the key regulators among
all the genes participated in the premature SVZ niche change after ischemic injury, these genes functioned at different levels in

signal pathways in synergism or antagonism. TGF-B, may be play an important role in immature brain after ischemia through

activating neural stem cell proliferation and differentiation.
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Tab 1

Up-regulated genes in SVZ after brain ischemia in 3 days old rats

Gdf11 1.111 1393697 at
Notch4 1.111 1378533 at
Flil 1.250 1395197 at
Tgflr 1.250 1390671 at
Fef10 1.429 1369604 at
F2rl1 1.429 1387596 at
Pten 1.429 1370112 at
1L-10 1.429 1387711 at
Nudt6 1.667 1370435 at
IL-6s1 1.667 1373140 at

Growth differentiation factor 11 0.006
Notch homolog 4 0.031
FMS-like tyrosine kinase 1 0.004
Insulin-like growth factor 1 receptor 0.008
Fibroblast growth factor 10 0.009
Coagulation factor Il ( thrombin ) receptor-like 1 0.011
Phosphatase and tensin homolog 0.027
Interleukin 10 0.032

Nudix ( nucleoside diphosphate linked
0.057

moiety X )-type motif 6

Interleukin 6 signal transducer 0.036

®2 3 BRARNRMAGGE SVZ RBXTANERFEIRIXIRAE
Tab 2 Down-regulated genes and expressed sequence tag in SVZ after brain ischemia in 3 days old rats

Tnfrsf 0.435 1368635 at Tumor necrosis factor receptor superfamily, member 8 0.013
Gjb 1 0.454 1387145 at Gap junction membrane channel protein beta 1 0.003
Dvl 0.476 1369997 at Dishevelled, dsh homolog 1 ( Drosophila ) 0.002
Hef 0.500 1387701 at Hepatocyte growth factor 0.044
Pdgfa 0.667 1393494 at Platelet derived growth factor, alpha 0.018
Serine ( or cysteine ) proteinase inhibitor,
Serpinfl 0.714 1381012 at 0.004
clade F, member 1

Thyl 0.769 1369651 at Thymus cell antigen 1, theta 0.016

0.769 1377655 at 0.050
Ucpl 0.769 1377655 at 0.050
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Regulating network of apoptosis and proliferation

Fig 2
associated genes
Notes:i: ischemia associated gene; p: proliferation associated gene, d:

apoplosis asscoiated gene



- 378 - Chin J Evid Based Pediatr September 2008 ,Vol 3,No 5 n

2.3 HEPIREAHEIEMZ ST I BMP.TGF-B. VEGF
Ko Wnt 3 H BT A7 5 D5 IT 20 80 56 B A 5 8] ) R AH B ) 45
3 ), 3R 4 Z500 B 1) A7 A2 HA T 5 120 26 L M 20 (1 B
PR L 5 KRR w0 B o 361 35 TR T AR LA 1o 455 o

«Tgirl

&RGD:619850
/“

t1:

RO . ZRER NG S Mg b O T 241K
I ALFE: OECAK: BMP6 ., Wnt2h | Agpt2 ; D) 52 VK 5% i 5 &
H: Fltl FzdS ; @M 55 B H : Smadl  Mapk10 Fl Prkch;
@5 AT Runx3

Serpinel

RGD:621811

S coligat

o ct ‘géwm Tafbr2
3 1»'63',\7\‘

SNy Anxaz

RGD:628814

3 BMP.TGF-3.VEGF 7] Wnt XEREET{FRMLE( ERIHEABLIEML )

Fig 3

Interaction network of BMP,TGF-3.VEGF and Wnt genes( network of genes with similar function)

Notes: Circle: gene, lines connecling circles represented the relation between genes;the special values were ordered from high to low, the highest value

represented the most important gene affecting network structure and other genes, different size nodal points represented the degrees of gene specialty;

the genes with same or similar degree relationship were marked with same colour, the colours were classified according to the different degrees
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TGF-B, mRNA T 1.4 1 7 d 47 BT, 7 d ikwig, H:
B ANT d AR Giit R (P <0.01 X £ 3). SVZ

Smad2 mRNA T 1.4 F17 d 4 ETHE#,7 d ikEiE, B3
ANHIA] S AR AR 22 R HL B 2 82 5 (P <0.01)
(#£3),

®3 3 BB ABKIAMIRLAES SVZ TGF-8, F] Smad2 mRNA FAHIE(x =5)
Tab 3 Changes of TGF-3; and Smad2 mRNA expression in SVZ after brain ischemia in 3 days old rats( ¥ +s)

1 6 1.004 £1.108 1.702 0. 184 0.300 £0.073 1.002 0. 086
4 6 1.294 £0.591 2.146 0.294 0.372 £0.066 1.537 £0.231
7 6 1.551 £0.336 3.366 +0. 563 0.515 £0.075 1.626 £0.360
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RAJE 1.4 F1T d i3 AHFIR] 8 IO LT %805 %) B2 T
B2 AR BTN ARFE BT R A Affymetrix230 2.0
FRTES R R ER AL e LW, 2 5ima
RYIRE A B D 23K 4 B TT AN I, Al 3l 2 5 B DR A
B B 2 SRR BN, 2 5 D g e TT RE S R H
Affymetrix {5 38 i T RGIURE 5 BE R IR AR R AT 56

3.2 TGF-B M FRRAR B R 2 5 3 4 i
TSR B S M b L B R T O R S TR
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L N S PN B VY o N T e (R Ay S IV N 3
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WINREIIR R AIRAMAS L, ARWFTE R 2R T B M T fig iy =
KA MR K T R AR AR I 48 S W7 Ok all— 2B X s
BAEIATIENE , R AL S S RE AR T D) RE R B AE fb
TGEF-B, AL T-HX 41 Hu 47 , i 7€ i BMP . TGF-B. VEGF Fl Wnt
T 5 DR 2R P 5 DX B AR AR 9 8% vp L TGF-B, A 1)
PR IR R 2 BLECHT PCR JIESE TGF-B, I H
(555 P LT Smad2 7EBR LA ASS 1.4 R T d
Lk BT, 7 d ikE .

TGF-B 43 M : TGF-B, JTGF-B, Fl TGF-B, , YT M 55 $4 5,
ST TGF-B, , DA% 4 M DA 76 B J5E S5 40 e 1y 384 78
SR AR R HEE L T B TS S B 4 A DA Y A B e T
i, J: SVZ BRI TR AR S . A FLsh P v R
45, BLIR MG IO At 3 A B 9 A 5 S . GRAP BRI T
B, de Sampaio %7 VR H TCF-B, L3 GFAP 438 T-1
Tk A BV JC T 440 L 1 4 2% 1 T B 43 A B 15 5 < Zhang
AR R A SR L SVZ R AR A A T RN 7 d 3k
TG 20 W R A 5 AR SE G SE i PCR 45 3 TGR-B, K
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3 G B APAE 2 A KT ARG A 57 A S R
W55 B H LSRN T 378 BMPTGF-B, VEGE Fll Wnt
PR IE R A T 2 A K BEAE B S I TR0 1
PR 2 505538 % R IR AR, W O IAR Z IR S5 6K
- BMP 5 Wnt ZEZh IR NG & B B AR A KR R IR B
DR 2 3 A DR L B X A Sh I 9 I 2 7
b VEGF j8 A T B8 BU2E BMP4 (9 2 3k 7KF i e B
BRI & B R A QN E 5 &
/BR324 F05 AL R EHEAB( mitogen activated protein
kinases , MAPK )4k 2 7 38 ¢ H , p38 38 #% AT 8% VEGF-Fltl
&G i MAPK/ERK 3 #% 7T 8% HGF HI EGF 3%,
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