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[(HE] BB FT B EFER T4 (hUC-MSCs ) X8 4: K BBk U B i eIk 45 ( HIBD ) AY454
YEF R ATREMLE . 733% 10 H % Sprague-Dawley K EUBHEHLS MR FARLL . HIBD 41 F1 MSCs 41, #3754 K
HIBD #5 41, 455 24 h MSCs 200 figi %5 7 A hUC-MSCs. #4HiJ5 24, 48 h b Jil TUNEL & Western blot 43 %1%
WA T 2 Caspase-3 115, BAH)E 1. 2. 3 JEN H Longa TN K BB ZAT R, SEo8 % hUC-
MSCs FIFETG . 4METst, S8R MG 24, 48 h, MSCs 41K EANAIIMIET X Caspase-3 K%L HIBD 23/
(P<0.05) ; #A4HJ5 2. 3 &, MSCs 41 Longa ¥E4ME T HIBD 20 ( P<0.05) 5 F&HE 5 MiZE41 Al W BrdU BRPE4H ;
MSCs 2 BT LT AE R ER 11 ( GFAP ) et 28 T el AL ( NSE ) PR35 5T HIBD 41 S BT AR ( P<0.05) ,
Bifi B 1] 4 FCFR A W 38 (P<0.05) o £518  hUC-MSCs B M 497 i 4k A B HIBD B, AT Caspase-3
W2k, WULATMIIR T R EIAETE I hUC-MSCs n b i Rp i, 02 pris P b me an it o1k, &%
M AR e [ PESRILRIZRE, 2014, 16 (9) : 927-932]
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Intracerebral transplantation of human umbilical cord-derived mesenchymal stem
cells in neonatal rat model of hypoxic-ischemic brain damage: protective effect to
injured brain

ZHANG De-Shuang, BAI Xiao-Hong, CHEN Da-Peng, MU De-Zhi, CHEN Juan. Department of Neonatology, West
China Second University Hospital, Chengdu 610041, China (Chen J, Email: chenjuan2000@163.com)

Abstract: Objective To study the brain protection and the possible mechanism of human umbilical cord-derived
mesenchymal stem cells (hUC-MSCs) in neonatal rat model of hypoxic-ischemic brain damage (HIBD). Methods
Successfully establishing a neonatal rat model of HIBD, hUC-MSCs labeled with BrdU were transplanted into the lateral
ventricle 24 hours after HIBD. The number of apoptotic cells and the expression of Caspase-3 were detected by TUNEL
and Western blot respectively at 24 and 48 hours after transplantation. The neurological functions of HIBD rats were
evaluated by Longa score, and the survival, differentiation and pro-differentiation effects of hUC-MSCs were identified
by immunofluorescence at 1 to 3 weeks after transplantation. Results At 24 and 48 hours after transplantation,
apoptotic cells and Caspase-3 expression in the MSCs group were less than in the HIBD group (P<0.05). At 2 and 3
weeks after transplantation, the Longa score in the MSCs group was lower than in the HIBD group (P<0.05). After
transplantation, positive cells labeled with BrdU were seen in the brain tissue. The expression levels of glial fibrillary
acidic protein (GFAP) and neuron specific esterase (NSE) in the MSCs group were higher than in the HIBD and sham-
operated control groups (P<0.05), and increased gradually with the transplantation time (P<0.05). Conclusions hUC-
MSCs transplantation in HIBD rats can inhibit Caspase-3 expression and reduce apoptotic cells in the early stage, and
in the later period, the survival hUC-MSCs can differentiate into neural-like cells and promote the differentiation of
endogenous neural-like cells, providing protective effects to brain. [Chin J Contemp Pediatr, 2014, 16(9): 927-932]

Key words: Human umbilical cord-derived mesenchymal stem cell; Transplantation; Hypoxic-ischemic brain
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A LR BE S A B L ( hypoxic-ischemic
encephalopathy, HIE ) SA#r A JLAET XL E SRR
HEJFEHZ —, HEMITOA SRR PR THE
UT 10 4R TANMIAS A 1 RS, Hrp,
AT B e 408 ( human umbilical cord-derived
mesenchymal stem cells, hUC-MSCs ) & &z # i 5% /)
Oz —o BFFT R B MSCs X R R i 4 Bk 1 4 A
i 5 (hypoxic-ischemic brain damage, HIBD ) 4 ¢
PR, ARJLERDIBLH] i AR 2 HIE &bl
il A A, o, it SRR I T O S ) A0 L T
HIE S #8028 R 22 R G0 J ashe o e s i P 1, i
PI3K/Akt MBI T ARG (5 5 i . Mg
ER PR B0 B R B A A, T — R G
N, Ee AN T OCHE R Caspase-3 Tl 4k, MM
BELBTARML AT PRI IEAE hUC-MSCs BAYRYT BT L
KB HIBD Al 3= 2l i B i 2B FR 8, il
Caspase-3 1l fLIE M /AR T, AAEM LRI
YEH . AW IR T hUC-MSCs i i Caspase-3 X
20 HLPE TR . hUC-MSCs [ 431k KO N 5
PEMEAE AN A2 7P ERT . AT 7R hUC-MSCs
AR A K B HIBD 1 SCSHEPEBL
1 #HREFEE
11w
hUC-MSCs g F1 VU145 4R A IZE . A7 Rt
FL 45 5- 5EEE BE R B (BrdU, T2 ST )
TUNEL Ji o7 20 Jifg 98 T4 1057 & (Roche ) , /Iy
BL#T A BrdU HT4K (1:250, abcam) , Hdi K B
GFAP $ifA (1:1000, abcam) , %k NSE $i
& (1:200, abcam) , WIFHiH IgG/FITC (1:100,
HAZ &), 1 E P/ B gG/TRITC (1:100,
B2 ), RPTK I Caspase-3 LK (1:500,
beyotime ) , /NPT K E B -actin HR (1:3000,
HRZET ), ISR 1eG/ AR EFRIC (1:3000,
Rzt ), IEESU N R IgG/ BARBEFRIC (1:3000,
HIAZ4H5 ) . DMI4000B f8] # 56 g, CM1900
VKEDI AL, ULTRA - LUMTM BEE IR R G5 .
1.2 WK SHE

e B W W 98 4 10 B % Sprague-Dawley

(SD) R 182 K, MEMEARBR, 39 A4 A
16.6 £2.8 g, Mg [ T RS ARSI S A FRA

028 -

¥ SD K RBEAL A A BFARH (56 ) . BiEd
(MSCs, 56 5 ) K HIBD 4H (56 H ) . G4 b

Ji, MSCs dHsistr-6 2, HIBD HzhPstr-8 H,
BEMLAN 72 KB 14 W, CRIERRA 3Pk 56 H
P BE2H 4% 5 AR S5 S AN, BRI AR IS
24, 48h f 1. 2. 38, Hdr, Hi 2 ASEFE] T
HhWEH R 16 2 (8 LA T TUNEL falf, 8 H
FHT Western blot £ ) , J& 3 /N [a] 253041 3h
BHN 8 H (¥WHTRZEICKM ) o R Rice
2 PURIME HIBD #E0Y . ZBRRRIE S R R 1
BB A VER 29 0.5 em VI O, 43S 3F 45404
WSk 2 A Bk 1 h 58T 92% N, F1 8%
0, MEAAEH 2.5 h, i 2 L/min, BFARAKR
U AT ML SNk, AVELEFL I S b B
1.3 BrdU #%i2 hUC-MSCs

MPALACS, B BrdU DL 200 umol/L T ARG TR
W, 48 h 5, FBEBEKEIN BrdU ARic e & )
# BrdU FRiC A hUC-MSCs FHAE B ER /K i sl )& 0
4 x 10*/uL fY B4 TR B0 4 o
1.4 MIXNERBESE

MSCs #H 7£ HIBD £ #1 /5 24 h, HUhUC-MSCs
B S pL FEAS A M E AN, SR AT
2877 3.0 mm, 47 1.8 mm, #FEHRE 2.3 mm, {H 4T
FIE] 5 min, WSS B4 5 min, HIBD 2H 2% FA
HEhW T EEHE], LR . W5 s A A
FHERIK S
1.5 TUNEL #&iN#EEHMEEETER

TR 25 FE AT 24 . 48 h, W4 LAY IS
WSk U, LRI E T -80°CHAE 2 h LA |, iELE
TERYI AR 1T TUNEL Je(ty, WIERPHT- %M
1.6 Western blot #il#24& /5 Caspase-3 HJFKi%

TG AN 24, 48 h )5, W RRER)S
SLEU, Western blot Kl Caspase-3 M3k, B
BRI Fr AL 5E Western blot TS 454 B A6
M (1I0D) .
1.7 WEITAHZEEN

T ERMEE 1. 2. 38, 12 H Longa 1T
o3 XA K R T AT 2 . A
M, R HA 2 I RE S LR
1.8 BEEAENRBIEBREES. BETH
RIGEELER

T EBAEE 1. 2. 3/, B85 H5HY
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JRR i B Sk JBOMG, f T BT 80 C R A7 2 h L
b, BRI E AT BrdU KR B 2T dE R 1 2 1
(GFAP) St & IohE S mEE LA ( NSE) BURYefa,
DA N MR R AN MG . T RE . ik
TE0L . B R REHLZER 10 S ILEFZE H Image-Pro
plus #AH18 GFAP. NSE FOSEEDO IR
1.9 SHitFESHR

iz 1] SPSS 17.0 Geit A v geit2e o0, &
HEHR U + Wi (x+s) FoR, dAMHLE
KB ZE T 258 (one-way ANOVA ) , P<0.05
HERHGI2EE L,

2 R

2.1 BrdU £rig hUC-MSCs By & E
BrdU #5ic hUC-MSCs, #¢ )6 8 fUss T~ ] W41
et (1A ), mxFBBa BT (K 1B) |

& 1

FIE L E Brd U #7128 hUC-MSCs ( x200)
A: Brd U FRiCHY hUC-MSCs 0] WAL A25%5%; B: MIMEGTIR,

22 FBHEMMKEATIER

AL 48 h FEATIRT-AG I, AR REPLIEER 10
AOLEF, AHMIA% 4% F) ) TUNEL B0, 1T
BRI AR R T e A b, RFEAR
ZHZM PR T />, HIBD 4 B9 08 T4k I
MSCs 2H#¢ HIBD ZHP i/l Wk 1,
2.3 %% Caspase-3 HIFRIZIFR

A G 24, 48 h, HIBD 4H 1Y 2 ik i & 1
i, MSCs 4145 HIBD 4108/, 1M F AR 41w

(P<0.05) (KEl2) .
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F1 BERIAKRRAMBATISHIEER (xzs, %)
- . YA T AR 4L
24 h 48 h
AR 8 19+1.5 1.8+2.1
HIBD 41 8 40.1 £3.1° 17.6 +3.2°
MSCs 20 8 353 £3.2% 13.3+2.8"
FA{H 471.1 72.4
P <0.01 <0.01

E: am H5ERTFARGIE, P<0.01; bsr5 HIBD 41 44,
P<0.01,

Sham MSCs HIBD
Caspase-348h | —
Caspase-3 24 h
B-actin . ; - e — A
2.0 M Shan
A W HIBD
3 W MSCs

Caspase-3 [RAHXHGE E(E

24 h

48 h

& 2 Caspase-3 HJ & i% (n=8) F AL B4l h
Western blot £l #15E 504 Caspase-3 (1L, a mS5EF AU
B, P<0.05; bR 5 HIBD #H L%, P<0.05 (Sham: f&% T R4H;
MSCs: MSCs ZH; HIBD: HIBD 4) .

2.4 FLEMEITAHFEN
MG, BEH I, MSCs 2034 K AN
PRRAS . RONBETT . 123N DI REAEAS 5 I HIBD 41
Bk, BetfE 2. 3 J8, MSCs 4H Longa PF434%
HIBD #41H &K (P<0.05) , W2,
2.5 MSCs TERELANNTEE. TEESLER
MSCs ZH7ERSHE)S 1. 2. 3 JA, Hpeseemr il
BrdU PHEANMI IR, 52504 T 40 v 2 X Jk
R B 5t #43 hUC-MSCs i 1 GFAP 55, NSE
yete R PEPER Y. (& 3) , BfRFEIZER:, BrdU
FH P4 20 i 250 128 7 s /D . MSCs 41 GFAP., NSE FH
PRI B T HIBD 4 (P<0.05) , HBER ] 4E
KHEHFIRZHIE (P<0.05) (K 4~7) .
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*R2 3HAKXBEAEMES Longa 4L (x=xs, 4))

a5 A Longa FT%:} A
1 J&] 2 Jidl 3
FARA 8 0 0 0
HIBD 1 8 3.5+0.8" 34+05° 2.9 +0.6"
MSCs 41 8 3.1+0.6" 26+0.5" 1.8+05"
F{H 90.2 140.7 80.6
P f <0.01 <0.01 <0.01 B3 #4E/5 1 A MSCs A X B A 4 M i huC-
W oam S5IETARMLE, P<0.01; b5 HIBD 4 L #, MSCs FTix (HiE»eit, x400) A BrdU BHE: 20 it ] i A5
P<0.05; c 7515 HIBD 4 IL%:, P<0.01 GFAP P (FiskFiR ) 5 B: BrdU FHYEZN RIS NSE BH
HEFE (PR ) o
BFAR4 HIBD 41 MSCs 41

2

3 B4 3AXR GFAP KR
3B (R ¢, x400) MSCs
20 GFAP PH MR35 ik i T HIBD 41,
FLBii 5 B[] S iR R Wi

BFARA HIBD 41 MSCs 21
”ﬁj -
) -
. B 5 34K NSERRIE

3 (HPEHEG, x400) MSCs 21
NSE BHPEZE R 5 HIBD 44, H.
it 5 i R 14 A < HE ik 4 M b i
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AU L#E, P<0.05; b x5 HIBD 41 48, P<0.05; ¢ S5H4l 1
JEIEFEUES, P<0.05; d /n5TRI4 2 JEIf HbE, P<0.05,

3 it
HIE J& i — R 50 A F 2[5 5 g 3L R 2
SR Ze U B R, b, SOCHER R
JEIR VAN A R B A A T B T, TR
BRI S 24~48 h 35 =6, 1] Caspase-3 A 4f i
T2 S0 i OB IR TR A A Y A AR
P, PP2E SR AT LSO I R B A
PR B2 BT TR AAE 15538 1 PI3K/Akt,
I ZE AT PP T OB Caspase-3 AYTE L, BHWT
AT Y. 53 SCERRGEE, MSCs AT DL 3E s B
P2 B SR Ul D A T, NI AR SE B SE T
AR Z TG Y, RIS S EZER

ASHIFFE AR SCHR % £ HIBD J5 24 h /E MR Hl
I 1] A, % 5 ul hUC-MSCs & (4x 10uL) £
MRk = A, XT HIBD 52k K FUIR A 2R A 7 AH DG A
W, H1F HIBD )5 24~48 h, 4UMiJd Tk mls, K,
AHIFFE LAWK %5 B 5 24 h BV HIBD J& 48 h 1E
WIUAAS I ] (i) 55, %) 40 L 14508 I Caspase-3 119
FRATINE . 5K M= FAE 48 h 5,
MSCs £H () 2 B 98 1= 208 DA )2 Caspase-3 (K15 1=
T HIBD 4, #EM hUC-MSCs FBEAEIGYT 87 A= Bl
HIBD i}, fSBIF2Mma s W1 TR, Fi
AL LA Caspase-3 FR35, WU/LAMIHT:, M
1M &AL YRR

A KB HIBD 19 32 401 1 0 A7 Sy T X Jak
K KW Bz )20 ABFSEK BrdU FRi2 K hUC-MSCs #
FEA HIBD A K EURAL LI, WERRIBAHE)E 1. 2.

I, P<0.05; b5 HIBD 41 L%, P<0.05; c7n-5lA4 14
BFIbEL, P<0.05; d7R554] 2 AR g, P<0.05,

3 RN A 3R] WARIE Y BedU FHAME 40 B 5
ik, HEIK R I (RS T2 8L . BrdU FHE
1 i 32 3 A T A3 O DX 8 R R R T, A
DT X i 2, 58 53 A% A 240 il [R] Bs) 45 GFAP 5§
NSE ByBH: 335, MSCs 41 GFAP & NSE PHI: %54
W i = T HIBD 41, 1 H MSCs 4HAS A5 1. 2. 3
Jil GFAP J¢ NSE PHYEF IR B g, kg Rk
B, AMEPERLA hUC-MSCs 7] TRNZHZUNAES, Jf
A ] A 3] 7 45 A VA I DX IR B R G 2 I, 1T R
55 2 A5 2 2 0 W0 ) R S M A R sl Ak 2 a4
A7 5 "M AREFFE IR & B, AR hUC-MSCs
A [5] i) 2 35 GFAP B NSE, 2 B A A 40 Jifg v [
290 MM AR A M oAk, 5 E SNG4 SR A
—F M 2 E AR, hUC-MSCs 2 54 255
I BE PR I 55 A8 A 20 L 5 A 3 i P o A o
oMb, KA ELEERARE A O Y AR5
AT JEABIFYE 2] hUC-MSCs 7] B85 A 15+
MLHLUN S SRR A . AT A R ER,
FEHIY hUC-MSCs %5 Bl R A HsF 18] 19 208 1 28 7
WL, TR £, e HIBD A4
KA LR EE EZ 5Bk hUC-MSCs FH
Caspase-3 ik, /0P 240 1= L5h el
WHE A hUC-MSCs BFE . 6. H B30k
SR 2R L K 9] hUC-MSCs {2 7E N TP 28
FEANRRLIA 0 AE 3 56 AP ES R R, BrdU 5
TCRY PHPE AN R AR /D AT M RS AR 40 B 1Y 3%

BACHE R R 22/ 1, B L IR o 4 Aoy T 3
—LHIWTTE
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YR AAT R E ISR X MRS . 580
HRAX K 22 T RE B 25 A PEAY, AT 4T s e sh B 1)
HRARTS . AT K IE MSCs 24 381 A= K BUph &84 7
SNES HIBD 4HA T, MSCs 4H Longa PR T
HIBD 21, 17 L Fifi ] (1] fr 4 8% 3 o kg 5 5 fin B i,
Ui BH MSCs Fifi 5 B A7 B[] (14 4E K T A 85002 4 HIBD
KR ZDIRERIKE , X 5HA MSCs {2t
YA A BRI EAY) &0 B AT UL, hUC-MSCs
FERIIAYT HIBD HrA K RRAT, Al 3 i b i
g IR W = el [ 7 X f ok 2y = 4 B i
UE PR R0 L) oAk, B E BN, M
FREE HIBD A K EIRhZAT R, i R
hUC-MSCs B iAY7 H A4 L HIE 324t T —@& MBS
WA
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