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(HWE] AW . UREEEaREERG(HBD) HAXKARRAN N S EAR LEAEATTHRAR @R
(BMSCs) m At 2 tm o -t Fvi, k.7 BE#T 4 SD K R 4530 A % 3 bk 4 4F HIBD # & (n =15),
FEI5REFERBHAAKRRK, HAH>H4& HBD 524 h(8 B#) 72h(10 B#) A 7d(14 B #) 8t
R (n=5), pHHE AL ERER EFHER, HEHR3I~5/K8SD KA BMSCs 7 FTRAEAHLZHH
24 LM P, EFREAZMILKLE 60% ~T0% kA5, A mA L abE S e AR LF R, % R %
BoAkMmEFREAARTFRA, BA3dETHETHFHHER(NSE) JXAHF 4%k &G (GFAP) |
JRBRIT MLk m I ARIE O, 0 R R AW HE MR, SR ATREA@MBIA J & NSE,
GFAP % O, & ik, B K R &M .5 £ & E#FkEEHFEMmE NSE,GFAP & O, fa itk 4 Kk F M
AR (H P<0.01) 124 EBMEKEZF ARG FEL(P>0.05), HIBD 524 h 44.72 h 41 £ &
(B4 M) Lk k3 HRmmMp NSE, 0, 49 Ak R0 B3 o, 5 5 5 F B 9 & &M & E %8R — 8§ &
E EMLE, EFARITFEENL(H 3 P<0.05,P<0.01),HBD 57d £ A tkRrtiziam
Jo NSE,GFAP % O, ¢ fa b At , 5 5 5 EF 4 E —af 1 & bs £ F £ %% &L (P>0.05), HIBD
JG24h AR EFA REE MMM NSE,O, 09k £ HIBD G 72 h AR Td B AR LiF Rt im
@i NSE,O, a5  ZF AL FENL(H P<0.01), 4#.:E% K HBD £ L&k akiFF
BMSCs & 4 4¥ 4 444, vA HIBD 5 24 h 45 45 ) fii £ 7% & 5 BMSCs ¢94P 2 5L & &,
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Differentiation of rat bone marrow stromal cells into neural cells induced

by hypoxic-ischemic brain tissue extracts in neonate rats

XIE Min, YANG Yu-jia, LIU Chen-tao, WANG Qing-hong , WANG Xia, YU Xiao-he

( Department of Paediatrics , Xiangya Hospital , Ceniral South University , Changsha 410008 , China)

Abstract; Objective To investigate the effect of brain tissue extracts in neonate rats with
hypoxic -ischemic brain damage ( HIBD ) on the differentiation of bone marrow stromal cells ( BM-
SCs) into neural cells. Methods Fifteen 7-day-old neonate rats were induced HIBD by left carotid
artery ligation and hypoxia exposure, and another 15-day-old neonate rats were served as normal
rats. The left and right brain tissue extracts of the normal and HIBD rats were prepared 24 h after the
HIBD (8-day old) , 72 h after the HIBD (10-day old), and 7 d after the HIBD ( 14-day old) ,

respectively (n =5). The rat BMSCs of passage 3 ~5 were cultured in the medium with or without
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previous brain tissue extracts. The expressions of neuron specific encolase ( NSE) , glial fibrillary a-
cidic protein ( GFAP) and O, marked oligodendrocyte were detected after 3 days by immunocytochem-
The expressions of NSE, GFAP and O, of BMSCs cultured in the medium with left or
right brain tissue extracts of different day old normal rats were higher than those of BMSCs cultured
without the extracts , respectively (P <0.01) , and the expressions of NSE, GFAP and O, of BM-
SCs cultured in the medium with left brain tissue extracts of 8-day-old and 10-day-old HIBD rats

istry. Results

were higher than those of BMSCs cultured with right brain tissue extracts of the same day HIBD rats
and BMSCs cultured with left or right brain tissue extracts of the same day normal rats (P <0.01 or
P <0.05). The expressions of NSE, GFAP and O, of BMSCs cultured in the medium with left brain
tissue extracts of 8-day-old HIBD rats were higher than those of BMSCs cultured with left brain tissue
extracts of 10-day-old and 14-day-old HIBD rats (P <0.01 or P <0.05). Conclusion The

brain tissue extracts of normal and HIBD rats can induce BMSCS into neural cells, and the damaged

brain tissue extracts of 8-day-old HIBD rats is the best inductor.
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T 40 MBS R R T R X B 2 R G e, T e 4
AR B M i A 0 L A 9 e S Bk A R I P ik
A S I M X 2 At Ol I R 2 R 4
PR BIIR T Al ok T BEOG, I AR ER i R I 5 R A
BT WAL . H AT A B 8 5L 40 S ( bone mar-
row stromal cells , BMSCs ) 1647 I $3 /5 i AL | 2 — 22
BMSCs [ ¥ 22 20 it 73 1k 5 19 85 A A T o BMSCs B
A Z AL RE AR S S 5T, BB ) KR
i O T O AN 1 O A ]
STIBUIE /=W o1l BN B PN R VW e (S S e P o
BMSCs [r] 1t 2 411 g 53 6 (4 BF 5, PR Sk 00 7%
ST, B2 40 Y o Ak 3R LA KA ) A
W W 22 3, $2 7% BMSCs JT Ak 1) 4 858 %o 3 43 A ke o
FEEAE o A8 0 S T IR BRR BE R A A T
BMSCs [a] #ft 28 40 Jfd 734, H A ¥ AR o A WF 58 A1
FH B 420 1 3 RS HEL IR P B ER B, 5 BMSCs 3L B
I, WL 5B AR R B Bk Ak I A i 45 455 ( hypoxc-
ischemic brain damage , HIBD ) J§ 24 h,72 h } 7 d
ZE AT WA Y B W6 BMSCs Bl 28 20 46 1 52 ), O
BMSCs % ##1f J7 HIBD iz £ £% A8 I 0] 77 A9 28 £ 52
PEARE

1 HR5FE
1.1 ## 7 Hiy (33 H) K& 4 Ji i Sprague-

Dawley JBL(6 FU) (W84 ) , HT o i K 2% 5 0 3)
Yy A5, DMEM B 7836 5 Gibeo BRL 24

A7, /N A L TP R R A A0 M G 2 3 ho-
echst33324 £ 3 [E Sigma 23w 7 i, S0 4 OC K
s Ve BEBE (NSE ) | bt I BT 4F 4 e & 1
( GFAP) ¥y Z At 5t A2 3050 28wl 7= b, /0 Bl 2 58
JBE J5T 241 A T A4S 4 ML AR 12 O, & Chemicon 723 &) 7 il .
1.2 F#k

1.2.1 BMSCs 3 % FH 4 B B B 9% 2k B g
BMSCs, Ht 4 JA# SD KB ,10% K& S 0.2 ~
0.3 mL/100 g & Ji v 59 BR B )5, JC T 45 1 5 B
VR, BT IF T i, B D-Hanks 3547 20 v U B i
JEE K P R M A R G A 1 mL U S g S A
MEW,1 000 r/min B .0 10 min, 5 E W, H &
10% /N4 11375 79 DMEM 2 409 ,1 x 107/ mL %
JEFERD T 50 mL 8552 H , 24 h S5 R, 25 B ORI
BEAMAEL , LLJG 2 ~ 3 d 4, 17 05 BE 40 g ik 90 % fil
A5, 0.25% [ (A AL AR

1.2.2 HIBD 4 A %] 4 7 % ZHCER[10],
7 H & SD A B, & Tk A JRR B, AT 350EB OE 1)
HLK 1.0 ~ 1.5 em  fRIK 43 85 B2 Bk L KT BB D7 2
UPA, 23 8 2 0 850 6 3l ok O FH 7-0 2K TR 22 2 X
LR AL, P 1) T O I A, 48 S 05 O 0T B OO i
ko AT AL 15 min WM. KE2h )5,
PR BUVE TIREM N, 1% — & il A ] RTA
AL A A W I ARV BEAE T % ~ 9% , i TR E B
HlAE (36 £2) CLMBEEH (70 £5) % , B4 W A] 7
22 h, SEUR 8 S K R B 1] BB B BE BRAT BE
M LR 3 HRRIET: .
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1.2.3 WARGREEFRAE HIBD J5 24 h
(8 Hi&) .72 h (10 H&) 27 d(14 H ) K, &
AN IR R] A VK R JRR B S5 Ak A6 HIBD K B[R] H % 1
WOREA S B, o 4 08 N B 22 A7 Kk, i e R
i, it A DMEM G855 5% 55 (100 mg/mL) |, & 0K E
10 min, 2 #2515 ,4 C L) 10 000 r/min, &> 15
min , & & .

1.2.4 mm#as 4 4% Lk L BMSCs &35 5% %
K97 3 ~5 {9 SD K L BMSCs #5 8 T i 56 B A 5%
P 24 LA, IE® B R EHMEIL T 60% ~
70% @& 5, 4 5k 8 Hid (10 H i & 14 H % 1E
B HIBD BLZC ik B 0E W A I 36 5 DMEM
BRI I BR & J5 5 BMSCs JE 5 57, 55 IE
AW A M FIE WA KT HH, FH 12 L, 5
7% 3 d J517 NSE, GFAP, O, G & % 5t £ W, 1+ 5 FH
TR

1.2.5 %% m i A 3 % 4l HHEFR3d A,
W55 R B 4% 2 5 WP R [ A8 30 min, PBS 5k
2 kR x5 min,0.1% Triton-X-100 15 min, PBS 7 %
2 K x5min,3% H,0, % Ji 7 30 min, PBS ¥t 2
K x5 min, IFF 1A LV % R E 1S ming, 43 510
A NSE (1:100),GFAP(1:100),0,(1:100) &2 &
ACUKFE R NikKfigEm G, BERER 1 h,
PBS ¥ 3 K x5 min, A =40, L Hi /D B 1gG-
Cy3 (1:50) , th *E 40 % 1gG-FITC (1:100) k% B &
15 min, PBS % 3 X x 5 min, Hochest33342
(10 ng/mL) % & 30 min, PBS {E ¥t 3 X x 5 min, T
J5,50% Sz vh H b B R, BT X BT PBS AR —
Plo ZOGRME T iHEB (kY it 810 M HEE
TR IFE MR,

1.3 %itgam it b #ER A SPSS 10. 0
BAFHEAT . LA Y8 bR 25 (v 2 5) &
N AM LB PR R T 245, P <0.05 R
ZRARIHE L

2 £ R

Ml mmmine, 22 ~3 KIERE,
TV B %5 Sy 3780 (4 K Bl BMSCs , 3= %2 4 11 70 41 i, K
BRI N 3, IF H7E Jm 38 2 B[R] i 2R K R AR
IMARG R 5K LR IE 3 d 3B K AR TP 4 il
[{ORZNEIE TR e P AN R SN a1 X (VU 21 D O 7
Ao RIESELE R B R K T B4 4L 4l i {UA b i
NSE, GFAP J O, & ik , 1E % KR4 i) [H & (8 H
B 10 Bl 14 B 22 A WG bk B 55 45 4l
4ii fifs NSE , GFAP J O, FH 1 6 %5 o T 11 4 34 fin (4
P<0.01) HA AWM ELEESLREIF2E X
(P>0.05), 8 H HIBD § .10 H#% HIBD f 4
Ze i CH AN ) B v W AL B SR 4 4 e NSE, O, ¥ FH
PR B3, 43 5 55 [ s ) s A (R 25 L))
B OE # 4L — i 8] g A A E A, 22 S St
22 Y (4B P<0.05,P<0.01), 14 H & HIBD
S A I T WL RS R AL 40 L NSE |, GFAP % O,
F) BH P A 3, 43 5 OE R AL TR — B ) A L g 2
FEGEIEE X (P >0.05), 8 Hi HIBD il A
oG I 35 3 B 75 41 40 i NSE, O, [ BH M % %% 10 H
% HIBD F .14 H % HIBD & /: fixi I v W 3% 57 41
iffl NSE, O, MR m, ZERA ST E X
(P<0.01)(F1,E1~9),

R AR BN S BMSCs ik NSE, GFAP H1 O, FHPERAYLLE (2 +5,% )

Table 1 Comparison of NSE, GFAP, and O, expression of BMSCs induced by different brain tissue extracts (x +s,% )
a5 Ze Ml IR A bR
NSE GFAP 0, NSE GFAP 0,
A 4.14 £3.10 4.55 +1.68 3.86 £2.67 — — —
8 H&IEH B 49.85 +4.31"" 26.15 +4.60 " 35.05+5.29 " 48.87 £4.67"" 26.33+6.17"" 34.81 £2.64""

8 H i HIBD i, 84.93 +8.70**A4% 33,71 +7.01 * A
10 H #IE 5 B
10 Hi HIBD F
14 H A IEHR B

14 H? HIBD B

46.71 +3.67** 24.4+6.51**
72.45 £8. 1] **ALHAA 30 2] +6.33 " 4
44.73 +4.69** 25.5+£6.26%*

49.19 +4.52**AAS5 99 08 +8.05**

31.69 +4.47""

30.70 +4.79 "

47.68 £7.59 **A% 51,74 £7.09%* 28.34 +8.18"" 38.26+5.72""

45.87 £5.30"" 25.36 +4.32"" 31.13+£3.05""

39.45 +6.54 **AVAL 49 57 +6.85"F 26.28 +6.50"" 34.37 +5.63 "

43.89+£3.68"" 24.09 +4.78"" 30.38 £3.68 "~

34.04 £5.02**AA%% 46,48 £3.89°" 26.73 £4.43** 33.78 £3.23*"

SRTFH R, « « P<0.01; 5F B @#IEFZEMLE, A P<0.05, AA P<0.01; 5[ H# HIBD #5/iL4,# P <0.05,## P <0.01;
5 8 A HIBD [ZCHii b4, A A P <0.01;15 10 A% HIBD [ZZ M bak, $ $ P <0.01
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B 53 MUKE BMSCs 200 I Baifg, KRB N £ B2 WHA EWEHETE 3 d, 0K RIE BMSs 41 i i 74 =]
( x100) 45, SEIE 2 i R ( < 100)

Fig. 1 Most of BMSCs of passage 3 displayed spindle-shaped Fig.2 BMSCs induced by brain tissue extracts displayed neural

cells morphologies with cell body retracting and elongate

( x100)

( x100)

3 BAMEXT 4] BMSCs g #% 1 i (5, g 3% A 33k NSE 4 RTPLL AU D BMSCs I3 35 NSE(2r 50k,

( x200) x200)

Fig. 3 Nucleus of BMSCs of negative group stained blue with Ho-  Fig. 4 A few BMSCs cultured without brain tissue extracts ex-

echst 33342 ( x200) pressing NSE ( green, x200)

B5 RTHA AR BMSCs ik K ik CFAP (&5 E6 R TH P 5 BMSCs i3 3k 0, (LZL05,

o, x200) x200)
Fig.5 A few BMSCs cultured without brain tissue extracts ex- Fig.6 A few BMSCs cultured without brain tissue extracts ex-

pressing GFAP ( green, x200) pressing O, (red, x200)
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B 7 HIBD J524 h Z2fi (B4 00) b5 55 BMSCs i3k B8 HIBD J5 24 h Zefixi (44 4750)) _F3% 175 %5 BMSCs gk

35 NSE B i 1 £ (4448555, x200)

Fig. 7 More BMSCs induced by left ( damage) brain tissue
extracts of 8-day-old HIBD rats expressing NSE ( green,

x200)

9 HIBD f5 24 h Z:fil (45145 M0) 1175 5 /5 BMSCs Jf ¢
Fik O, W Z (L1658, x200)

Fig. 9 More BMSCs induced by left ( damage) brain tissue
extracts of 8-day-old HIBD rats expressing O, ( red,
x200)

3 i #

H Hif BMSCs 1 73 8§ ¥ 37 5 s © B B, £
R D R0 R AR e A R AN % I 22 5 OR Ay i 4
i, b e sE R Rk M EE R Ok RN
I 2 Fhor . SR FH X W R O 3 B 5% 1) BMSCs
Y L AN ik CD31, CD34, CD45 45 3 Il & 46 b il
Yy, i #kik CD29, CD45 % T4 fghric ¥, 1 H =2
A2 ae. AW R MY & B B8 5 R
%0t 2 ~3 LG, BMSCs #5 Ry 4lifh, 3 %
o 1A KB, BMSCs 4fi il , K ARTE b &, I H7E ] 3
B R R R A S e e A 4
AL, HAETIN G BMSCs £ 4 6 7 s 468 475 1 HIL
Z —J& BMSCs [n] #it 25 280 M 43 A J5 B9 B ARVE T o B

5 GFAP B I% 2 (4 (5, x200)

Fig.8 More BMSCs induced by left ( damage) brain tissue ex-
tracts of 8-day-old HIBD rats expressing GFAP ( green,
x200)

AR ORBRR il o gl ik Bk o ( MCAO ) #8570 K 9 3% 4
BMSCs (1) #ff 5% 45 AL 5 7 K &8 43 BMSCs 43 i £ ik Il
Sk rpons e FCJE 30, 7% 4R B i 9 B9 BMSCs i 28 96 41
AR, — R 1% ~ 2% | [fii Munoz-Elias
SEUf IRAE K B BMSCs [ b 57 4 B 4 30 iR RO i
N, MR K % R BT BMSCs Y NeuN JH 4 % 34
F70% ~100% , $2& 75 A [\ B9 % P9 2R 5% X BMSCs
B #h 22 AU AE A TR o B T NSE 0] DL AE 3 3 ph 22
FAR 40 0 26 55, — B RE 22 2 M & OC L, GFAP &
B Y I S5 A0 B B A, O, J2 A AR 3 2 28 i i 41 e
Friac , 2 58 e 5T 40 B A2 b AX Bl 28 R 8 Y 6 B 2 AR
I L, 40 58 B 22 21 2 1) Bl 52 T8 BURE B, X b 28 O
R 2 EREA THEAEH . B I A58 2 M
SCHR R G 2H 4L 3 O R A AL A R ER
Bt W BOH £ R B HIBD J5 24 h(8 Hi¢) ,72 h(10
i) &7 d(14 B 0K A 38R 58 % BMSCs 1y
NSE, GFAP il O, ik 5% m, 45 R 8w Lk R
] H % 1E 8 KA A7 I 35 W 3% AT 5 5 BMSCs
ik NSE, GFAP F1 O, , {H 2= | A7 Wil TG Wi W 22 3] ;
HIBD J5 24 h,72 h Z2 i ($#i000) B wiER)E,
BMSCs 323k NSE, GFAP, O, 1% FH 1 2 B & 8% i, 43
501) 5 ] B TR) A A A ) L K ) H O O R B
e AW b R B A B B 22 51, DL HIBD J5 24 h
Ze i (B ) B W5 S J5 NSE, GFAP, O, 1 FH
PR E . HIBD J5 7 d Z2 0 (405 ) b 3% W%
S 5 (A i 1R) AR A0 DL K [E) H O G R R
e AT W b WO S B, BMSCs (1) NSE, GFAP A
0, KK TCWI W 22 5 o $2&7% Hr £ K B HIBD J5 24 h
i P 15 26 5 B AR T BMSCs (19 #4843 4k, i HL 3
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BN ECRZS TV SN i Uy AN S e
HIBD (& %5 H A & % & X, B4 #7 4 2h 4 HIBD
Jeg k18 PR I 1, S A MG T B IR AE iR
IR A0, J5 5 S 5 R 18 1 b 2 T R B A ——
REM 2R, BMSCs 1 i 2 p fb 2 — & R 3t
F , HIBD & A [7] B ] 5 A 41 20 | 35 W %) BMSCs #if
g oAb 22 5, RV T HIBD J5 R[] s (0] fil P 4 26
it 22 5o ARG & W b X BMSCs 1 Bt 48 531k
EOCHEAE R A Aoy, Ml — . A
AN 58 1 45 3 % & #E U HIBD J5 2 5Lk 47
BMSCs 4% , A 4% Ji1 BMSCs [ 1 22 43 1k, $2 &5 B 4
BB . AWFFEEE R HIBD J5 24 h il f i, £ &
ZIRBH AL S W) e — RER AR, Kk F A E
GBI, L AR I A B R A AT 8Pk, HIBD 5 &
o BT WM& R GG e DL S 8t i R
FEEANR2E 5, B A K R — J7 11 BT o8 A LKt
JiZ=, Al Re s At T i HoA AR e RE o A B
1852 FEAYK &2 1E F 1 B OL R A 06 TR 9%,
G RE U, T %) HIBD J5 B8R ™ 5 ) 35t 0 1Y A8 L
TR RS A R M, D) 25 5 ok JE SR E B R B .
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