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Culture of mouse glial progenitors for transplantation and their morphology and

function
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[ Abstract | Objective  To improve a method for isolating and culturing glial progenitors for
transplantation , and study in vivo function of the engrafted glial progenitors in cortex in single cell level by two-
photon imaging. Methods Neural stem cells (NSCs) were isolated from the embryonic cortex, and cultured
in vitro. Then, the cells were induced into glial progenitors and astrocytes. In order to detect the cellular
morphology, Nestin, A,Bsand GFAP as markers of NSCs, glial progenitors and astrocytes, respectively, were
detected. In order to detect the cellular function, calcium responses of the astrocytes to ATP and thapsigargin
were recorded by confocal imaging. The glial progenitors were engrafted into the cerebral cortex of adult mice,
and the morphology of the engrafted cells was observed by immunostaining after 12 weeks. In vivo two-photon
imaging was adopted to observe calcium signals of the engrafted cells stimulated with ATP after 4 weeks.
Results The percentage of glial progenitors ( A, B-positive cells) derived from the NSCs accounted for
(87.4 £3.4)% , while that of astrocytes ( GFAP-positive cells) derived from the glial progenitors aclounted
for (83.4 £3.3)%. The astrocytes derived from the NSCs could respond to ATP and thapsigargin. The
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engrafted glial progenitors could survive and differentiate into the astrocytes after 12 weeks. In vivo two-photon

imaging showed that ATP could induce the engrafted cells in the cortex to generate calcium signals after 4

weeks. Conclusion The engrafied glial progenitors derived from the NSCs can survive for at least 12 weeks

and differentiate into the astrocytes in the cortex. In addition, the engrafted glial progenitors function in the

cortex after 4 weeks.

[ Key words |

neural stem cells; glial progenitors; astrocytes; calcium signals; engraftment

Supported by the National Natural Science Foundation for Young Scholars of China (31400933 ). Corresponding author: Chen Xiaowei, Tel: 86-23-68752267 ,

E-mail ; xiaowei_chen@ tmmu. edu. cn

RV S AR A v N B T S AR PO R, I T
REAS AL 005 P 2R, 0 52 153005 i e s 38 LA R
WRFEMHI T, 2 5 R Stk BADI
FW], A D) e R A DA gl gy
AT R TR e R A D RE BB . Bradbury 2500 425
T ER R e 2k B FLRG 1A % L2 T e 5 4 g, T LAl
FATHZ NI REAS AVR S . 75 H7AE /DN BUIK A RS AR
SR SR A 40 ., -t T 1 5 /N BB 2 20 i Re
L TR FB R, 2 AR 1k, A R B R
TR RIFSE A B T 40 B T 75 2% LA e sh A5 g 2 W s, &
A1t/ UL L2 L AE SR K ST T RERIFSE . T LA
FE AL 1 JE 5 40 O AE B e A K -2 75 B TR MR
WA,

RO s B4 AR TR S K P I I 2 2 41
SR, I BN 20 TR AT D) BE AR O A TR AR S
I FHTROIG TS0 0, ) % A I ol 22 5 T 400 ) £
PEAT T eI MK W8, 94 i T2 5 40 i 7% e )
FEHAE T SCUG R IR R Bk

1 w57

1.1 Zshdy £ 2X7 58085

¥ :E13-14 FVB/N /N, 128 =25 5 K250 0
EDIL7/ L NN /i

X#] : DMEM/F12 ( HyClone 2\ 5] ) , B il £F 4 41
feA: 4 7 (bFGF, Sigma 3 ] ) . B27 (50 x , Gibbo 24
Al) , KA KT (EGF, Sigma A7) , MR 2 F7
KF(CNTF, Sigma 2\ 7] ) , Accutase [iff ( eBioscience /v
Al) , Zelie 2 R A R (PLL, Sigma /A H] ) , —470 : Nestin
( BJK , Beyotime ) , A, Bs (% . Abcam A ] ) ,GFAP(
75 Abcam A H]) , i : Alexa Fluor 594® Ipdyi iR IR
% PP F (Invitrogen 22 7] ) , DAPI( C1002 , Beyotime ) ,
45758 5 g4 B} (Flou8, Invitrogen 2 7] ), ( Rhod2-AM,
Invitrogen /A7) ) ATP ( Sigma /A7) , #5418 N % ( Thap-
sigargin,Sigma /A ] ) . Ringer’s ¥%7%125 mmol/L NaCl,
4.5 mmol/L KCl, 26 mmol/L NaHCO,, 1.25 mmol/L
NaH, PO, , 2 mmol/L CaCl,,1 mmol/L MgCl, ,20 mmol/L

HEIHE (pH7.4)

{3 - CO, T IR AN K #7246 ( 3¢ [E Thermo Forma 23
A TAES (IR b A ] |, f 2R =
B AL EE Beckman 23 Al ) |, 7 BAUE i 7 A E 1AL
(68025, T Ik T A ) ), & £ W) i O & (£ H
Hamiltan /A w]) , fliis {3 9028 (9 E Wpiine 28] , 06
FLIRAE W i5E S RMRCR B 3 R 48 (T Leica-SPS ),
BOGF 1 fU5% (Fh E Abort 28 w]) vK RV R HL (7
Leica-FV2000) , /KiBH8 , TR F R4,
1.2 Jepsib2-Fminsy 8 Bk

Bt E13 ~ 14 d FVB/N /N 1 H,20% 12 Fi7 3
P, 75 % TRG IS0 IE B o KUK BY I BB B2 ik IEBE, 72
R E . WWTTE RN, T BT
RS R SR R R S 5 . BY T F R BE B 140
B B A B B A R A b R R U K >
BK, B Hom i 20 21, & T LA S 7 AR 0 15 5 L vk
Hro HFEARTI R UIRRA L, A SR 2 5L, WA AT
AMH,200 HANM S g, LA S x 10°/mL %5 BEKE 5 55
YR T o8 s R A, B 3 R, B 6 RAGAR
Rt
1.3 J T ik am Ao i 5

H K T 58 4 18 F2 5L (DMEM/F12 . B27 .20 ng/mL
bFGF 20 ng/mL EGF AT ) i ARG #2814 8% 5%
6 d J5, ¥ G s 22 Bk H Accutase fifi T 37 CiH 1k
5 min, (i #h 22 ER AR ES OM AR . LA 1 x 107/ mL
()% BE B FP T 0. 5% Z2 g 2 e A 9 1y 2L SR A 1 7 1L
K HAZ 15 mm B AHMIIC o 1 20 i U B 5 e 0 AL 1%
F:3 (DMEM/F12 . B27 .10 ng/mL CNTF.30% FBS. 3L
o) FHForik.
1.4 E IR mieey k-5

P F AL R AR R LA & T 40 s 5 e 1 55
3.d JE, BOARR 2 I SRR 20 D, I RE AR K T SR LR
BB TR W A 2208 W Hh 35 3 L b A5 S o AR W, 3%
F= T ARk 3E 72 3 (DMEM/F12 (1% FBS W4t) 7,
A E AN RS 14 d, 53 KW 1 R FER,
1.5 #ZF@mifiiths

HURAC ph 23k 12 b 21 22 R 2 IR 9k 11 24 fL.4H
MudEFEMR T, 37 CHEFR 24 h 5 ,4% 2 5 H 5 R 1)



537 510 B
2015 4E5 A 30 H

£ = FE KB K ¥ ¥ R
J Third Mil Med Univ

Vol. 37, No. 10
May 30 2015 941

25 min, PBS ¥k 10 min x3 X ,5% 1E & 9 [fiL 75 = 15 34 4]
1 h,0.3% Triton X-100 Z J5 i 1% 30 min, I A BRI K
Pt Nestin B rCEHTIA(1:300) ,4 CHEFFER ., WHH]
PBS ¥ 5 min x3 XJ5, A Alexa Fluor 594® Iy il
PGPt (1:500) 1% & N EESGIHEF 1 h, PBS ¥
5 min x 3 K Jg, il A DAPI i 5% 4% 4 Jifd #%, PBS ¥
5 min x3 WG, ProOCE KA R G THOCRMEE T
WEE
1.6 RF3& 0t ]S40 2 F an e 1L ik ak ag 58

Wt BRI AL AR, DA 1 x 10°/mL %% i
MBI Z R AR BRI R L, TiESSAE
3 RFNES 14 REF, U 3538 40 il 2547 A, B il GFAP
MG E 9O YL B, BEMLIE B 10 A HLET, 4303 2
A, By (GFAP BHPE 20 Ak, 530 B JoT 200 B i 4K B O Jie
JoT 20 B A BH PR 2
1.7 #AEREBRELR LG 2 KA 41845

155

Wt 2 BR O B h HANLEE, LA 1 x 10°/mL % i
TR 2 2 R R P ) S R IR L L
oAk 14 d g, I JERIES IR BR VR U 2 O, A Fluo 8
(10 pmol/L) 250 Je b, FTE MM BEEF N F
20 min , EEATHEFRIEEGR 3 W FE SR MU & B0 R R
W T IE#OEES,10 s JFAA ATP(50 pmol/L),
A6 N 240 J %€ 56 722 Ak 5 TR [ 59 77 35 A Thapsigargin
(20 pwmol/L) Ji5 WREE B I I o 248 4% 2 A2 4k o
1.8 o7 Kk EAS ML TY A A8 2 i

5385 E14 d GFP-FVB/N /NRAR 2 T4, F 431k
BFRIAA TR % 3 d, il 1 x 10°/mL S 40 i B
FH 1% I3 B 22 BRI BLAE FVB/N /N BT [ 58 T/
BRAZ AR R AN b, 28 B G W b K 2 (A, T X
-2.5 mm,FZ5%.4.5 mm) I, L 10 nl/s 3
FE, IR 2 LE W B AR 2 2 Au T 35540 i 28K 500 L,
HENRE N ET 0.3 mm, MBS E, %45
ARYIH,
1.9 %z 4 eteim 45 4 4m e

SEE /N AR RS IS 12 J8] )5 3 B BRI, 4% PFA
T il 21 402 9 30% FEMEIBE K, KR YD o PBS
BE¥E 5 min, 1% Triton X-100 ZE 538 1% 50 min, JI A F
JREYHT GFAP FpEREpTIR(1:300) ,4 CIER K, K
H A PBS %k 5 min x3 ¥J5, Il A Alexa Fluor 594® 11
PUEFOE TP (1:500) #EEMEEF 1 h, PBS £ 5 min x
3 UG, A DAPT S YL 20 i 4%, PBS 3£ 5 min 3 1K
Ja , Lo I B 5 T gL
110 AR BT s AR A I A5 M 2m e 0 45 7% )

FEAE R BTRTARZ0 AE 4 J8 J5 /08 BR800 I A
1(37.5~38 C),&H 1% ~1.5% 05 5 ) 4l 47

JRRIE . oL Al S Y T Bz J25 % AT 400 L DX I i, 4T
JE XA /N (2 mm x 2.5 mm) K2 il /N IR 74T
JE XA b, /O MR BR 2 A B e . TR JE /N R %
BEBOGFICREE T, M5 Rk B2 0. 8% ~
1.2% . E5EH 920 nm K34 &L MEE EGFP F A
A, IFHF Rhod 2-AM (500 pmol/ L) £575¢ ' Y ki 7
FEA A ZH 2R AT, 5675 5 min, {ff Rhod 2 #5704 g}
REMEY AR M AN O ML 1N o Ringer” s ¥ W T Uk ¥4
40 min, #EH 800 nm K AR SIS A L, 5
Z AT 920 nm P I LR 1 G B 70 BE B PR RS AL I
AN YL T Rhod 2-AM 4558 e ekl FH o5 — H 4
YRR i 3 B fl AR 2 B ATP (500 umol /L) |, K5 FEL AR A
2 Rhod 2-AM ¢ 5t G pbhr 12 1 F% A8 I J5T 4t if &)
Fil, 2520 A ATP, ] 800 nm I K (19384 % ¢ W £ A ki
J2 5 41 P 5 2 ' AR A
1.11 %3 o

K SPSS 13. 0 Geit /Bl L x =5 R, A
FEAE5 43 MR Y Tgor 304, S50 B0 47 R FH M A7 FEAS
¢ K

2 H#R
2.1 FEFEAY 22T 4a R ) R AT A 4 6 AR Sh A S R
H AR A A

WAHME K3 S ST MM T N RS
BIFT (B TA) o RSN 5385 1 /s BV i i 248 1 4 g
(E1B) fEE G k h B5 5% 6 d J5 , 395 i 283K,
FrRBM LT MM EIFRIC ST Nestin(E 1C~E) . LU
AT A AL R IR IR S R 3 d R da K2
FO 28 20 B T 0k B SO R AR 4 L A A R A AL By
(K1 FH),

FAN GRS UL oA A5 2 0 15 5 R AR 20 g
TE AR AR R I, 28 K Z BT FEAR I 531k by i 2
B T I T A0 L, I 3 58 L P I O 40 i 1 b 12 3
GFAP(E 1G.1) .

2.2 ARk Gm Rk R 69 2 YA R 4a B Ak Sh o A Ab )

B 2A Sy BTV e Joa 240 A 1805 il A A = . 1 5
IV A0 Ml 9 Fluo-8 455 St YLl i dwic (&l 2B)
RN AR S5 R 7w, ATP S 8 N R miE R L
B SR AR 200 B Ak T ke B BT I I A4 I R A A
Fo Hr 50 pmol/L ATP Jrif5 S B AR S B IV I T 4
M5 (55 A AR BE T I8 (179 £24) % (n =15, ¥ 2C),
20 wmol/L FEHAES N FK Frifs 0y AU I i 40 M 4515 5
AIRBE P IK(58.9 £5.2)% (n =15, 2D) , K
P T T A 4 JH A Y058 7 2L T2 M J 240 e T K 1 % D) RE
) ATP 244, 1 BA 1E 5 A0 MBS 1 25 R 5 .



5537 B 10 1 ;o= OE K OK ¥ ¥ R Vol. 37, No. 10

942 2015 4E5 A 30 H J Third Mil Med Univ May 30 2015
g ‘
® o0 .6 ZAS
a®_ . 0, ST S o o B Vg
[ ) ——- (e / /C —_——— " { "/ Y g 3. -
Y e - / /// :«7, SN \
/ /7 |
Pz T4 ZEER idsgingeNailiivh bi rdniedil )
l | | | N
0d 6d 9d 23d oy

50 pm O 50 pm ® 50 pwm

(87.4+3.4)% (83.4+3.3)%

50
0 wm

A A 2T 2 f e RSN B FFRIERAAR ;B AV ZE T am it & ik ; C: Nestin 28 AR RAPZ T 000 ;D A0 B3k otz 4 & B 7k
A5 F AL B, 88 R ARITI R BT AR 28 8 G . GFAP 478 2 W 4m e s H: B i TR 2w e -4k %5 1. B0 I 4 i -4k
El1 #HETHEBENEMNE EFZREMNES

Confocal imaging B ATP
201
B
= 1.54
Jlui=s
§ 1.0
=l 051
100 pm 0 10 20 30 40 50 60 70 80 90 100 110 120 13
FF 1] Cefs )
0.8 -
B ME
0.6 4 5 . ey S
< Az BT 2 AR IS R AGALE K B 5 B 2 TR R 4a B 45 5
B 041 K& CATP TifFEHIR A M= 245125 D590 Y
g 02 M ETH S Z MR A S
= . ) B2 TSR 2 R R B S Th B A T
20 40 60 80 100 120 140 160 180 200 220
-0.2 - i) (/)




5537 B 10 1
2015 4E5 A 30 H

E RN T N
J Third Mil Med Univ

N Vol. 37, No. 10

May 30 2015 943

20 pm
—

20 pm
—

2.3 BHLE IRt B AR R RO B R AL
BTG &%

A SIMFS T A5 3] 0 HE S5 A 240 B RS A A A LA/
BRI H) 2 W i e 23 (Aul ) B IR T 3t J2 2% ( AV Fl
AuD) N (E3A) . 4R EBxR, fEBHIE 12 ], Bt
AN JZ ) EGFP BH: Ji 5 iy 44 20 A7 ] A7 3%
(B 3B.C) , I H o] ik ol 20 5 T8 I 5 4 A 1) 5 7 4
F GFAP( [ 3E ~ F) , H EA7 HURY i) B2 T Jise o 440 i 149
TEAFFAE, RIS IR 40 M 58 1 4544 (|81 3D ~ F) .
2.4 FHLE R 0 A R D ROR B 6 AR K,

T 45 AR

FEWEAR SR -, 38 5 DO - S FUE X 176 A /)N B
B T2 RS ARIG S JB 20 B 9 A5 05 sl B 4T T SR (B 4A) o
FER R, TE 920 nm K BUEOET  /NRRJZ NS
FE ) EGFP Jig¢ 57 i /A 41 i £ IR 4 2208, 76825 nm i
KA &G, /INBREZ JZ B 5T 48 Jf AT LA g Rhod -2
B T2 L 1 o S 9 D Yokl ) il &5 SR B A% A
JKE SFT 4 ( EGEP A 48 i )[R 4 AT LA#E Rhod-2 R
(K14B),

FERSAE I JBT 4 L J&] (1 265 7 500 pumol/L (1% ATP 3l
P, RIRFEAE R A 1.2.3 4 ¥R A T 5T B, S5 X
MAMEAN RS itE 25 (n =15, P<0.01),
SRR TR TR AR A MR A 4 JE 5, K2 N RS A A
JoT 4 M5 R 6F ATP S8 A A N Y S g o DT B 7
W ARG ML AE RS AE 4 ), (3 n] 363k A IE % Y fig
) ATP 3Z 14K

Ao ]y SR 7 50 BB AS ML BT A 2w R B X 5 B ARAE BT AL A%

| AL A I A BUE A 5 Ce i A B AS 1 4 LA 9 B 25 A

D: BTG AW E.GFAP %2 b &, F-ak b
B3 BEREERRABKESENE

500 pwmol/L ATP
N

Cell 1 - mmmamorns)-Nsrmtirn
o
Cll2 e o
Cell 3 o] s
A, 100%
Cell 4 v Snssenes | Af/E
10s ©

10 pm

—

10 pm
L |

@ 1'0_1‘;1;1/

A BT ERF D5 ALK E Bl R N A AL tn
fe.(EGEP bk ) s F 45 i A4 45 3% ; B2: Rhod-2 Ff 473289
BB W R KT 45 AR 2 R B3 @k A Co B AR R
0 e T & ATP = 445 R

B4 NREENBERRHEBERICEFISRENE

3 e

ABIEFESERE TSN o3 8 15 35 R R I S 4 20
Mk R RO T ARG R B e TG R s )
K65/ BROR i Bz J2= P AL IE Jo 240 M Y A= BRI BEEA T T
Kl WF9E A B, e TR TR A AR AR 4 SR s, /BB
J25 A R AL T 200 A6 P X AT 098 ™ A A 1) 5 5
IO o 5 SR I S (A 2 MO e R A 4 JRL s, R LUK
B BATIE R TRERY ATP 324K, DT AE 7 1A 3l ) 7K ~F-iE
SRS o A0 M A i A B D RE T 3l

TP G J5 240 0 s K R 28 2R R R e 2 1 A
LS A 2 9 2 R T A A 5 R P o



5 37 255 10 ) N U NI S
J Third Mil

944 2015 4E5 A 30 H

Vol. 37, No. 10

Med Univ May 30 2015

BRI L HSR L EA s o 2 R Ay
I T R S E L BERBIFIEIE S , BT AR 9% T R 8
5 53 P B T T A0 A SR R e s A K P B AR
It HLE TR e Jo 240 JL AT LA K ffe i 3t g %) G 458 3 72 3]
F MBS A e A0 M A% A S
P I o 20 MRS 5 PT A4 e A 2 N B 27 2T 30
{25847 31 AT LA 38 6 8 00 2% B AL /N B 3 3
TIRE™ T LUKE I3 200 M R LA Sl — R T8 AE 1 I R IA 7
FBZ sz BTG

H T HATHOR T Be i BRI, A5G e 5t 28 Jf 448
J5 BB, A5 BR T8 4 P 2527 S sl A7l 2 i ok
FE2 . Han 2577 R FIRUOE T 00085 X6 B e 5 40 i
HEAT T OB 9E, B B 5 AL R BR TE B K R b
Greenberg 2 LS 1 RO T IEA AR A, % BE N
RO BT A ML AT TS, (H 98 HBR TR MBS
2EIK o R AETE AR sh 0 KT, B AR I o 4 2 75 HL
FIEH A PRI RE H AT M A EE . AHE5E 0 X0
TEARES AR B AR, B XOG T BB R 5 7 R 40 e
YL ORARSS &, W ZETE AR S 7K T, XA RS Al
JE BT A M ) A= BRI RE AT T AN Ak SR, FRATTHE
TR B Kl Bz )2 PG s B T ATP Jrigs S (1 51>
R R S5 4 L %) 45 055 217, DA T 7R 15 AR B ) 7K Pk 52 3%
L FSE J5 4 L P78 8 43 TE AR BRI BE

J3 ARSI SET Barberi %13k B CNTF 7%
SR Uz R ORI v DR T2 N O o A [ R Bl N S £
L AR T s P BRI R R 4 T
15 do 7340, SR 2 A S s 7, B o i A< 448 L %) -
FIRFN 87 % fity , BIC I AL i) 43 A28 3 83% /2
Fio ALERE Krencik 25 R

25 LR A SE 58 3 T RSAR IR B AT 1A 4 A 1Y
SRS IR B RSN UG AR X Al
JE T HT AR L AR P LA A AT e R AT T S, T
BRI, ARG R AOG 15 185 AR e A 4
J ST 240 R A T 1 ERL A K T 3 A ) g S A, A T
FEIE AR S 7K T UE B R A G S5 240 B A s PN L4 D g
B, BOREGE AA JE B A A2 AR T RERF 8 4R 4IL T8
T3, A I o 240 B RS A S e AR AR 13RI Y S AR

SE Lk

[1] Abulrob A, Brunette E, Slinn J, et al. Dynamic analysis of
the blood-brain barrier disruption in experimental stroke using
time domain in vivo fluorescence imaging[ J]. Mol Imaging,
2008, 7(6) : 248 -262.

[2] Barreto G, White R E, Ouyang Y, et al. Astrocytes: targets
for neuroprotection in stroke [ J]. Cent Nerv Syst Agents Med
Chem, 2011, 11(2): 164 —173.

[3] Jiang P, Chen C, Wang R, et al. hESC-derived Olig** progeni-

tors generate a subtype of astroglia with protective effects against
ischaemic brain injury [J]. Nat Commun, 2013, 4. 2196.

[4] Lepore A C, Rauck B, Dejea C, et al. Focal transplantation-
based astrocyte replacement is neuroprotective in a model of
motor neuron disease [ J|. Nat Neurosci, 2008, 11 (11):
1294 - 1301.

[5] Shao W, Zhang S Z, Tang M, et al. Suppression of neuroin-
flammation by astrocytic dopamine D2 receptors via aB-crys-
tallin[ J]. Nature, 2013, 494(7435) . 90 - 94.

[6] Bradbury E J, Kershaw T R, Marchbanks R M, et al. Astro-
cyte transplants alleviate lesion induced memory deficits inde-
pendently of cholinergic recovery[J]. Neuroscience, 1995,
65(4): 955 -972.

[7] Han X, Chen M, Wang F, et al. Forebrain engraftment by hu-
man glial progenitor cells enhances synaptic plasticity and learn-
ing in adult mice[ J]. Cell Stem Cell, 2013, 12(3) . 342 -353.

(8] FBmzL, Vi, MM E IR FE e [T ], ik
Zj2f, 2013, 25(3) : 210 -213.

[9] Liu Y, Li C. Firing rate propagation through neuronal-astro-
cytic network [ J]. IEEE Trans Neural Netw Learn Syst,
2013, 24(5): 789 -799.

[10] Santello M, Volterra A. Synaptic modulation by astrocytes
via Ca’* -dependent glutamate release [ J]. Neuroscience,
2009, 158(1): 253 -259.

[11] Orellana J A, Martinez A D, Retamal M A. Gap junction chan-
nels and hemichannels in the CNS: regulation by signaling mol-
ecules[ J]. Neuropharmacology, 2013, 75; 567 —582.

[12] Tian G, Kong Q, Lai L, et al. Increased expression of cho-
lesterol 24S-hydroxylase results in disruption of glial gluta-
mate transporter EAAT2 association with lipid rafts: a poten-
tial role in Alzheimer’ s disease[ J]. J Neurochem, 2010,
113(4) ;. 978 -989.

[13] Tadimalla A, Belmont P J, Thuerauf D J, et al. Mesencephalic
astrocyte-derived neurotrophic factor is an ischemia-inducible
secreted endoplasmic reticulum stress response protein in the
heart[J]. Circ Res, 2008, 103(11): 1249 —1258.

[14] Chu L F, Wang W T, Ghanta V K, et al. Ischemic brain
cell-derived conditioned medium protects astrocytes against
ischemia through GDNF/ERK/NF-kB signaling pathway
[J]. Brain Res, 2008, 1239. 24 -35.

[15] Greenberg M L, Weinger J G, Matheu M P, et al. Two-photon
imaging of remyelination of spinal cord axons by engrafted neu-
ral precursor cells in a viral model of multiple sclerosis[J].
Proc Natl Acad Sci U S A, 2014, 111(22) ; E2349 —E2355.

[16] Barberi T, Klivenyi P, Calingasan N Y, et al. Neural sub-
type specification of fertilization and nuclear transfer embry-
onic stem cells and application in parkinsonian mice[ J].
Nat Biotechnol, 2003, 21(10) : 1200 - 1207.

[17] Krencik R, Weick J P, Liu Y, et al. Specification of trans-
plantable astroglial subtypes from human pluripotent stem
cells[ J]. Nat Biotechnol, 2011, 29(6) : 528 —534.

(Y175 :2015-01-07 ;£ [2] :2015-03-04)
(¥ T IE)



