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[ ZE] BE) XMNLIWNEMHA ML T 400 (NSCs) 19 Ik 2 J& Bl 13 i # 4k ( Periventricular leukolamacia, PVL)
AR BRI TEE IR BTG, 3815 NSCs BBy 5™ )L PVL Al 171k, ik RA E14 JiG RO & 2
#% NSCs, 2 HiHrAE KRB PVL %) BE4L (PVL 41) , PVL + DMEM/F12 $% 3% 3E X 8 2 (PVL + DMEM/F12
) ,PVL + # & T2 il (NSCs ) #AE AL (PVL + NSCs 41) , 5t FAR X} HE 41 (Sham 2) , Sham + DMEM/F12 1% 37 3 % I/
#H (Sham + DMEM/F12 #) ,Sham + NSCs B A% 41 (Sham + NSCs 4) , &40 18 ~21 H, %2 H#$ PVL Bk K B e
B 72 h AT EE NSCs B, /3 M ARG 7,14 ,21 d FATREE T IO BELITAL . 5R WA B Ao i [a] (Y 1
T, B B AR S — 2 . RS 21 d BB R ERIIESE , AR RS AE AL R B I R A A 50% , 1 4
TUIRHEEIT 2 1.28 £0. 86, BAHANIAG 30% [ 58 A IEH , 42 B R B A8 4% | 40% F130% , #1 & uig T4
0.32 0. 16, L LE M [ T 25 B2 18 LA K b 280 FIE A3 22 1) 14 22 S 1) Sl B VE R L (X° =10.7,P <0.01;F

=29.664, P<0.01), £5i® LM /MNFEME NSCs FEAH R HA & 04038 Ao (1 5 (s B0 %5 . 8 25 NSCs RS AT X =
JL PVL B RKMIGITIE ST, WA 5 B B 6 ) L — d5e O i I 453 i £ (4L 158 il A7k 42
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Cerebral pathological evaluation following neural stem cells intraventricular trans-
plantation in neonatal rats with periventricular leukomalacia

HE Yue-Qiu, CHEN Hui-Jin, QIAN Long-Hua, CHEN Guan-Yi. Shanghai Institute for Pediatric Research, Xinhua Hospital Affil-
iated to Shanghai Jiao Tong University School of Medicine , Shanghai 200092, China ( Chen H-J, Email ; hjchenk@ online. sh. cn)

Abstract: Objective To evaluate the brain pathological changes following exdogenous neural stem cells ( NSCs)
intraventrilar transplantation in neonatal rats with periventricular leukomalacia (PVL), and to explore the feasibility of
NSCs transplantation for the treatment of PVL in premature infants. Methods NSCs were prepared from E14 embryonic
rat brain. Two-day-old neonatal rats were randomly divided into six groups: PVL, PVL + culture medium, PVL + NSCs,
sham operation, sham operation + culture medium, and sham operation + NSCs (18-21 rats each group). Intraventricular
transplantation of exdogenous NSCs was performed 72 hrs after PVL induction or sham operation. The cerebral pathological
evaluation was undertaken by light microscopy 7, 14 and 21 days after transplantation. Results The pathological changes
in the cerebral white matter were gradually improved with the prolonged time after transplantation. After 21 days of
transplantation, 50% of the cerebral white matter showed mild pathological changes and 50% of that showed severe
pathological changes, with neuronal pathological scores of 1.28 £0. 86, in the untreated PVL group. In the PVL + NSCs
group, 30% of normal white matter, 40% of mild and 30% of severe pathological changes in the white matter were
observed, with neuronal pathological scores of 0.32 +0. 16, 21 days after transplantation. There were very significant
differences in both of pathological changes in the cerebral white matter and neuronal pathological scores between the PVL
and PVL + NSCs groups (Xz =10.7,P<0.01;F =29.664, P <0.01). Conclusions Intraventricular transplantation of
exdogenous NSCs can apparently improve cerebral white matter damage. It is suggested that intraventricular transplantation
of NSCs is of a great potential feasibility for the treatment of PVL in premature infants.
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Jivi == & [ R 84k (periventricular leukolama-
cia, PVL) i 517 JL i 451 45 1 £ 2288, O 77 LK
TANEE LR T Je 1) £ 2R o 384w
72 )L PVL i TCBii6 T o 32K X il 28 T 4 S ( neu-
ral stem cells,NSCs) §9 & 5055, 7= JL PVL |
BITHRME TR . NSCs J&— 28774 T Pk ph 2
RGN EA Z 1L RE I 4, BB 231k D S
T A P 28 5T B HG R T e Jo 400 i 25 i 22 A L, L
NSCs HATHARAY S J5te , DA T fef &1 544 4 e 1% 2
SETT O — Rl AT RE R BAR A T AR ARBIRSE
TERCII BRI T 2 H % PVL B Az R BURE A 1) B Al
BT XS 72 by PVL A R A T A
NSCs BAHIRIT . A X 4 /i % NSCs #4619 PVL
B AR R BTG T I B, H AR

1 #RFTTE

1.1 SEIezh¥fns 4

2 H##% Sprague-Dawley 1§ i 257 £ K BN E14
AR (WA EEPE R - Bl m s WA BRA ],
Y VAT UES - SCXK (377 2003 - 0002 ) , Hir
El4 ZFHAFHl & T, 2 B K REE
Blorh 6 4, B2 18 ~ 21 H, 4351y : PVL Xt B 40
(PVL 41) ,PVL + DMEM/F12 £ 335} B8 41 ( PVL +
DMEM/F12 41) ,PVL + fit & T4 }fd (NSCs ) #& A 41
(PVL + NSCs &) , {8 F- AR X B4 (Sham 4] ) , Sham

+ DMEM/F12 3 57 2 %) B 4 ( Sham + DMEM/F12
2 ) ,Sham + NSCs #2484 ( Sham + NSCs 41 ) ,

1.2 FEXHH

1.2.1 E£ZK 7 DMEM/F12 JCIf 7 % i 3%
F(Gibeo) , /NG (B DU 2 A, Bk s 2F
A0 L A= A< 5~ BFGF (Protech ) , 38 J A K A 5
EGF (Protech) , 7525 2=/%55 % % (Gibco) , B27 JCIL I
W (Gibeo ) , L-A & 1EH% ( L-Glutamine ) ( Sigma)
1.2.2 £ &3 HmEM T TR T i ~7 AR 2 B AY
MP8000 ( YT ik i A: g Bt A FRA F]) |, KdSientif-
ic 310 {73 91 % ( KdSientific ) , CO, 5%4A ( Thermo-
forma) , — ¥R PG FEZ A (25 mL 553591 ,6,24 ,96 FL
#% , Corning )

1.3 PVL &G &

AR R B RMOZ [ , SR IE v U 1, 43 B 5145
FLSN T S B ke KB 1.5 ~3 h J5, 3% ABE 4,
FEIR 37°C 1B E (70 £5)% ,8% 0, F1 92% N, B4
SHE AR A1 ~2.5 mL/min, H40.5 h J5,iR
[5G B 2 4R S IR TR AT AR 2 e s U 50 3

Jik , AT 25 FL AR
1.4 HR#HZTHBAFHENESF

¥ E14 28 [ QBRI S AT 8 VIG5, 59
5 e B iR B, S B BROSUIN K A iz J2 44
FH D-Hanks Y&k o 71N Co 380 53 il RS R0 110457 05, 4 A
BT AL 1.0 mm’® /NHR WA WO FT o A 40 i T
1 000 t/min F&.0 5 min, 3 3,1 x 10°/4 mL 25
BEE 2% 1 3 3 (DMEM/F12 6 ML, bFGF 20 ng/
mL,EGF 20 ng/mL,B27 20 pL/mL,pen 100 U/mL,
strep 100 wg/mL) 15 7, 2 ~3d¥EHmiEl
Wo B 6~T dfLR—IK,
1.5 tFEKRRILMERLE NSCs

BE Fric PKH26 i) NSCs ¥ & % ly 5 x
10*/ L, Bvk B4 . 2 Hig PVL 34 KR ARG
953 R(5 Hil®) X RRLAAHN 5 H S #HT A KR, &
SRR i (351 2 T 1 S AR 2 AT il =25 50 R Ao
FENLT R - 5 (AP) = 1.5 mm; P gk - Sl (ML)
= =2 mm;EFEE(DV) =1.5 mm, 5 wL G
FE A R R 2 pL IR SR TR AHTE R
R — A 5 P, 1R 0.5 wl/min, i PVL +
NSCs 4 #11 Sham + NSCs 2173 5|1 A NSCs FAE K 2
pL; PVL + DMEM/F12 4{ 1 Sham + DMEM/F12 4]
43513 A DMEM/F12 5529 2 pL; PVL 411 Sham
A ST A . TG 58 525 B 2 min 5L
KRR St A R AT T R AR KRR R R S % R

B B 55 4k S MR
1.6 FERRIBIRAH H ZF00
1.6.1 JRIZAFAG 5 & CEERRIE T, 4331 % 4%

AR TBIEE 7 d(BHn=5) .14 d(HH
n=5) %21 d(H4 n =8 ~11) HA FERAKIEAT O E
R, R WOE 52 0 1k, BUR A 218 10%
PERRIR S ARIE 2 24 h, S8 7 (8 A Ak S B Ak
FI0.5 mm ZJ5 2.5 mm 33 mm J&FE AR ALK 2H
2, ZPKANEMEY A, B 20 5k A (R
JE25 pum) BT KU R (R RS ) SEHC4 5k Y] A
AT T W BRITAL
1.6.2 ABETREFET H

Ol 28 70 Bt 1 75 B VE Al 77 5. 2 B/ Towfighi
SO R R O P HEATOE 2ok BT AL, ST
(40 x 10) & 1/10 g 28 [ R 1L — S BLAL, — A FRLAL
AR HEPE R 0.2 43, — D BN RS 2 43
H AR H8 2 2] R oy B P T Y €0 3 5 A 40 )
RS 5 “ IRFE” LY WL/ INE T 25 0 %3 AR B/
B 25 0 AR B Rl 2SS BT sl 2% , 4 A%
TEAAS MR AT B A o 5 [l )t BV RIIABEAL
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AR 55 PR 57, ZREATT

@ [ 5 Bt 15 5 B A 7 . 2 IR Hisakazhu
2L g5 o TR MR A A i 2 R R R X3 7
G HHIEH R 0 B s A BRER EERR B, #1221 4k 5]
REETT Ry 1 RE AR 7R R AR 5 19 5 ™ A,
ZLF AL T, A B [ 1 SR B0 R 9 s T ik T
B, BN A E RS
1.7 Sit=#abiE

R SPSSI1. 5 B R a1 743 A A 3L, 5
FHSAE £ b2 (x 2 5) FoR TR VORER 5 224
Mr, HBCRRME R 5 K86, P <0.05 RERAE
E V=98

2 #R

2.1 f%=E NSCs R

5 H A% 4B A2 R B S TE BRI, 7 Jili 57 A
PAC AT Z i % NSCs B AR o A i 5 F],
TERCR TS AR AP, B A R0 A S 1 S A
0.5 wl/min A7 3 52 22 1 A GBT A2 KRR i % A o
TES R AR, BEA 1 B S fe R At i e o ) BT

WA IR 1 B A R O, TR R e
FEE 2 min  JRET 5 BT R DU T ol i 304 .
AR R BRURR I 5 B J TG s AN
2.2 RBETRREITME

BAFE R TBMG 7,14,21 d 8964 T
ST RN (B 1A ~L)
2.2.1 Sham 2089 mymIE % Sham 4 ,Sham
+ DMEM/F12 41 % Sham + NSCs 41 (&4l n =8)
R GRG0 K )22 T 2 B A A e, HES A T, 4
MIEASIER ; 2 N & 4 80%, L m %55, Rk
P HE AL
2.2.2 KA PVL 206 I m Mk & PVL 4]
(n=9)F1 PVL + DMEM/F12 4 (n =8) J B I iz
iaei Y A URA S s RS T 0 =l N L e
ZERBVU S T, SN IR, i R A 4 ) ZK L,
R EZRR, RSt IHE S ZE L, WIS A3 TR A
JIFA ARFA PVL K EAERSAE S 21 34 3 B 1 B
A JHr PVL 21 8 B 740 1B B2 s 48 4% 1 50% , PVL
+ DMEM/F12 2104 581.2% Fi1 18. 8% , Wit pfi%:
TCHGERITAN 435 H91.28 0. 8611 1.01 +0.88(F 1) .

Bl J[AWMEKRRBERT, 14,21 dETRFER A ( x200)

ML
L R BB, WELFAEAESIZERL, B~ H WESHIR 14 d,
ARSI, BOR . G Sham 41, SR IER F1R.
B T~ LARSHR 21 d.
R TR AE

B:PVL + NSCs 4, \BIR B2 JZHF 40 P4 T0 K i, B0 b
E: PVL 41, /R B 2o o028t SR8
H:PVL + NSCs 41 ( x400) , 7R [ 547 38 43 i , (HHES 45 25 L
1. PVL 4, /R 22 vk A48, J:PVL + NSCs 4, [Z Z M & ciER IEH o

L:PVL + NSCs 41 ( x400) , /s [ B Z AL 5 W 845

A~D WM Td,  A: Sham 4, B/RIEH K
C: Sham 21, B/R ABEMALT4EHESI57% . D: PVL +NSCs
F:PVL + NSCs 41, &

K:PVL 4{( x400),
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F1 F{AKR NSCs BHEE 21 d HETRHFBETSS L
A5 b S AR Egiﬁff‘w T TR ()

PVL 41 36 0(0) 18(50) 18(50) 1.28 +0.86

PVL + DMEM/F12 £ 32 0(0) 26(81.3) 6(18.7) 1.01 +0.88

PVL + NSCs 41 40 12(30) 16(40) 12(30) 0.32+0.16

Sham 4] 32 32(100) 0(0) 0(0) 0

Sham + DMEM/F12 21 32 32(100) 0(0) 0(0) 0

Sham + NSCs 41 32 32(100) 0(0) 0(0) 0

a: % ] Kruskal-Wallis Test B:FIKE 75, x*> =10.7,P <0.01;

2.2.3 PVL BAHZAHMRmEHRE PVL +
NSCs 4 (n = 10) K FLA M 63 493 1% 0 38 R #54 PVL
2 S I O R 2 AN L HE S 3 5%, AN AR R
W, Z5H S HE . K2 T S5 TS T, fl 2 2 4EHES B
LIRS, R BNA I PRI DL S SR A I
JEAN MG A S SR A . HeAE T d 14 d 21 d 4,
AT UL G B A I TR B4 38, A 1 5 B i A 2
— g . B 21 d AR50, PVL + NSCs
HA 30% fixi 1 BT IE K, 2 B R & FE B 7R PVL +
NSCs 41454 40% F130% , /s 2558 NSCs FA48 Al
Y S TS il 1 5 Py B A

AV

3 e

Tt
PVL J& 7= L o L B 45 45 25 70, 2325
G 2 JE] B 1 /0 2 I S 4 L Az 488, £ e i,
BRI AL e X A S 48 R G BURE 1
FRA P e AR R L PVL ¥ JC BT A R
SN NSCs R MBI 98 F J& , S 577 JL PVL (136
S HRAE TR SR

NSCs BAH M T 545 AR KA _E IO T4 5
(SR RS R R AR () 7 S RS AT
RORERE . ASHFFEE NS, T 2 H S PVL A
F Il £ T A T B R A ag )
NSCs [3Eat I, %F PVL B 24E KR A5 72 h it
11T 2 kia NSCs FEAH iy X% IRAFT o

RO F] 0 4 E PVL g2 55)5 72 h BT A= K
BUS H I HEA T, I 5075 58 O MU e i J5
KA 2 4k R 35405 ) 1) B e DS 4 0.5 ~72 h A2
o JREIG B 2 IR SE , 4k & 140 £
ST AR A T, T T e D () 2 /DA 3 d
Ja KM o AHFIE RS M IS () 7 e P A AR S 72 h, BP
VERRAE BN 5 R AE T T ) e Z R T R A . D3t
BJG 72 h AR AT S RE 7K I B 1 B B, 46347 [X 3
AL W Z PP AN IR 7, A5 AT REAR (A A NSCs 11y

b % ffl One-Way ANOVA [f) tamhane’s t* #3653, F =29. 664, P <0.01;
PVL 415 PVL + NSCs 4 HL#%, P <0.01;PVL + DMEM 415 PVL + NSCs .4, P <0.01, Sham 420645 T Tom RS , R AL 1T -

TRIHETH . ASWFFE XA NSCs 781 4 1Y)
TR A AR R (9 SC RS, AR
NSCs FZLEBRAEAE PVL 5 42 fe B 0 10387 B fisi
SR BRI 2 (45 X8, O 2 ok > 2
JoT A0 I, 4575 95 728 F A A] REXT AR A NSCs A — 2 1
L SRR, PR i B — S A i B TR 5
HMNEE NSCs BB FAME ™

R BB B e Bt S A A 2 5 75 A E 2
PZ o XA sl dcis I B A TR A7, & NSCs
FLEEE ST I X, WAl A R 2 SVZ i T B S
ARUREEFRA . H 5 X N NSCs B AH 1) A% 2 R 44
8, 33 2 PR A A58 4% 3 7 — Ab AN L ) SRy i A B
DI, A A B NSCs A5 1T REBI S 19 /0N s ot 40 it A
B ARG bR o 2 RS AE 1 A 2B RN
Ffli NSCs BAH A IR, e 5 BB HL A R AR
MR EZ—. Ak, L NI AT 53038 NSCs
A SR T NSCs 404k, 3t 2 45 B i
Mo, WA ZFMKEA NSCs #4781, W Jeong
U0 2 fC B 0 KR A NSCs, JIF 52 3 AU N 1Y
NSCs A 10% 51 54k #2850, 715 J& I 4 4
ZCHENT TR R . HAF kAT NSCs BB Y
AFIERLET , WINE KA N 7 S K B 1258
Soe S 20 TG P 1 4 80 o oA PR, AT 30ORS A

H1 5 A 0 1 i o e S22 TF OCR A, B4R
Sl EAT AR AR (4 L 3, BRI A Bl ] i 6 ik
FAERMA A MBERIERE . K EBHE N KATE
T OFL AL M T 3 B B 45 R85, bk G g 495 X 1 AS R
TR IRE 5 MR B ML A0 P9 ST, T 2 o A 40 i 1)
TR 5 Qb G 2 37 P RS st 0 2 o5 (57 2850, 184 A
FEA 20 L 1 5500 s BSVZ A7 K IR M NSCs, 48
i %5 R A AT LASRE G0 005 SVZ IX, 53R R 3 P U4
NSCs ; @ixi % P P45 R Al A ) NSCs #2438 7 — 4
KPR & & R 10 /AL 3 r, B A 1
X NSCs 1) 4 B 45 5 (B 28 0 2 A A 1) 40 i 7
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J5PE NSCs Wi B ik ten | 5 T, Al izt s 25k %5 Sy Jrnl o

A3 IX. o T X G AR e L A ST A T AR

Pl EE N NSCs A8, A AELL 1 ~2 mm/d 1) (& % % #]

HEE,3 d AHE R N2 o0 fe, I H iz
TERS XM G BR P A75 X, 1 — 25434k Sk il 22 T A
JRE B 4 L, H 53 A B ) 22 8 K 80% LA I, G v T L
R IT LR B, BRI B 18 AR T+ B
U ASHETE IR K B, AN AR RE A 2 i
FE A NSCs , 32534 76 i 2 & BRI AAS T 7 i IX.
e, KER A A R D S B At , 288 43 oAk ok A
T Jo 240 i A b 229G, $2 78 22 i 28 N 2R 17 NSCs 7%
FRWTSE PYLIRYT AR & g

I EEE TR ERTEAL A FSE R, 4 NSCs #
FVAYT G, X BEAC RS AR A, PVL FEAE 2 %) BRI s 2
P20 0 5 043t | FLRE A B ARG B TR] 388 o, i 1415
A 2D A I 1 BT AR AL 1 i 28 2T A HE 51 5
BT B I — B AR I BRI IRAE, AR S 21 d O
BE T R FRUE S, A RS A 21 1l 1 2t B R R R A
&1 50% A ITTRERITE4r R 1.28 0. 86, AL
WA 30% 11 5156 4 IR H, 48 B8 FEE BN A2 4 o 40%
F130% , PP oeh FRIE434 0.32 0. 16, /R fliE
FEA R IMIEE NSCs J3-fk ok 2 58 I ot 240 e 22 500 1)
B 2, I BT AR A AL AR AR B S 2l RS
ki == ANIE I NSCs A T B S8 235 A P 5% 110 5 2 46
Hio

Wt FARWE Y, UE S 4N 2 NSCs AR A 1Y
NSCs HARKGMAERRE ST, 7] LT 8 3 20 52
ZL i 25 R R 7, AR A NSCs 75 figi 25 J51 il 3 224
bR 7 G I AL, DT R 32 458 1 2 5 52 S 4
1B A, PVL BT A= KB ik 1 5 42 3145
A G 2%, BRI B 3 0, $ Z6 i 2= NSCs B8
FEXT R L PYL AR BTG J1, B4 5 1
B S L —f i UL P A AR B 4L T e T
&R

X NSCs B AHIRYT ™ JLIN 5 J& Bl 11 5 404k v
AARDIHATH Rt — PR, X AE A NSCs 7E figi
WRIERS JGFH Ak B 5 20 2L A6) Rl 45 7 440 L R A6
BRI BLA v AN 58 4B T 5 XA A B AR % NSCs
51 FE YA IT ST A RS A R S S e R
225 BT B, 18 R B AT 0 S AR TR 5 A RO A
A NSCs {320 38 B 434k 1) 1 fik 2 A5 R0 T 42
TFBAF . LRI AR SR A A S o e eitt— 2
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