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(WE] HM:HiH K4 EEESARET %M (human embryonic stem cells, hESCs) 4 & & 41 & # 4 T 40 . (neural stem
cells, NSC)M ik, ik : BB KL mprtt KT N TE N EEIMFAE, 2 Z N B F S hESCs & 5 £ K NSCs, B A ¥
MELEE KA A% 9 A 2 R fn RT-PCR 4 I BE fg T 28 A% % A 4 & T 40 B0 47 35 NSCs 2 4 £ 3 x4 B i 5 th
NSCs #1403 g 24T M, 45 F: R4 3% Jk i hESCs 7E FE B6 K 47 4 4 17 5k B b 3% 445 (R 48 3% 50 1%, 17 & ¥ SSEA-4,
TRA-1-81 Fi 1, % 35 Nanog A H . X MM A RN SSEA-4 AW R X E N 3. UU;E=ZFERATHFIHRAE &L 0%
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Study on differentiation of human embryonic stem cells into neural stem cells
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[ABSTRACT] Objective: To search for a method to induce human embryonic stem cells (hESCs) differentiating into neural
stem cells (NSCs) in vitro. Methods: HESCs were induced to differentiate into NSCs by three-step differentiation under a
condition simulating the microenvironment and different development stages of neural cells in vivo. The surface markers of
hESCs and NSCs were detected by morphological observation, immunocytochemistry assay, flow cytometry and RT-PCR. The
plasticity of NSCs was evaluated by differentiating test. Results: The hESCs retained expression of SSEA-4, TRA-1-81 proteins
and Nanog genes after cultured for 50 passages. Flow cytometry revealed the positive rate of SSEA-4 was 83. 44%. After
induced by the three-step differentiation the purity of nestin-positive cells was higher than 90%. Flow cytometry revealed that
the positive rate of nestin was 89. 38%. The differentiated cells retained the characteristics of NSCs after repeated passaging and
could be further induced into neurons, astrocytes and oligodendrocytes. Conclusion: The present three-step differentiation
method can induce hESCs into high purity NSCs, while retaining the plasticity of stem cells.
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RORTEN™ , WRAE NSCs 2 SR U5 1 R Jif g 21 21, K U5
AR, hESC iy B4 NSCs $2 it 1708 ki, ]
BH A ANE T hESCs & ) 25 B #2840 il (1)
Tk AHRIREERE T o e &R e = &
W IFANRE L % & A SR B s B 5, AN E L IE K
Bz E S oiRe s 2. DI HE & K hESCs %%
77 AN JE M 5E 1) U5 2 S0 A NSCs, JF4EFF 2 1] 73
P e 2 LA i 22 2R 4 B AR T R A U IR oG
BRI SR A Py M 2 Al I 5 10 R B AR LB
B KA, 73 = A5 5 hESCs B 200 )% € )
A2 NSCs, i  NSCs [ R Uit 17 il 53 5 S fik , IF
N BIE TR A 28 e 75 BLIR S 1 AR Ah AL R

1 #HREE

1.1 XA

1.1.1 L&A FamiEsiRi Knockout™
DMEM #57# 4 (Gibeo) | 20 % I35 3 AR (Gibeo) |
193k 0 35 & KL (Gibeo) . 0. 1 mmol/L i £ 4 %
(Gibco) .2 mmol/L & & Bt % (Gibco) .4 ng/ml B
PERCET 4 40 B B K IR (BFGF) L 50 TU/ml 5 % % |
50 1U/ml 4% % %,

1.1.2 #BEAKRERE DMEM/F12(1 : 1) it
(Gibco) . 20 % M5 AR i (Gibeo) 1% 3F 24 75 & 5
1% (Gibco). 0. 1 mmol/L %i 3 & B# (Gibco) ., 2
mmol/L & & Bt & (Gibco) . 50 1U/ml & % %, 50
1U/ml 8% %,

1.1.3 N2 ¥7&% DMEM/F12(1 : 1) 53 (Gib-
€0,112500-062) | B & % (Sigma, 15500) 25 pg/ml, #
#H (Sigma, T1147) 100 pg/ml, 4% B (Sigma) 6 ng/
ml | J# 1% (Sigma, P7630) 16 yug/ml, IV fifi 12 4} ( Sigma.,
S5261)30 nmol/ L, JHFZH 2 pg/ml.,

1.1.4 £KFEF bFGF 20 ng/ml,GDNF 10 ng/
ml, BDNF 10 ng/ml, 3 H Peprotech,

1.1.5 4tk Bl SSEA4, Wl #T TRA-1-81. % ¥t
nestin, T GFAP i O4, R It NSE ¥y [ 1# +
A TR A WA A TRITC #4d th 2 H1 /b B
IgG,FITC #xid th i /h il IgG,FITC #5id th 9T
o 1gG ¥ A b5t I A H ARG R A,

1.2 Fi&

1.2.1 BB KA % % (MEF) 47 5 B & #
% KWBURIEYR 13.5 d 9 ICR /M UG L 25 3k
VAN BE 5% 42 38 20 B PBS Ry, 0. 25 % k|
0.02% EDTA 4°C Wi 7. & H A 55 7k B
MEF #5772 ¥ 2 15, 78 H 71 78 %+ il e 4 B . DA
1X10° /ml i) %5 FE4 R0 2] & MEF 3532 10 em 55

FRML . 37°C 6% CO, ¥ R B Kr 9%, 48 h#e i,
A~5 dJ5 A 40 A 0 LS I L 25 Gy oy T8O U5 B
filf MEF K 2047 22y 205 Ve, S5 SL B R A7, T
hESCs &A% /T H & 75, N 156 H 0. 1% B Jie kb 2
10 em BRI B T E IR .

1.2.2 AR TH@KEESR K hESCs & PKU
(bR 24 B8 2% 30 55 — P2 e 2B 58 b o0 32 1) B2 b
MEF 1 7% 2 L, F 37°C .6 % CO. % AF F R 9%, B H
TR B IR, L0 6~7 d H 0. 1% I JE B IV 95 A AL AR,
1.2.3 Z# %% % hESCs F 1 &£ K NSCs (D #)
WA (EB) 5. RHBFHRE, BILAK
hESCs (£ 10°~10" 40 i) H I Js B 10 . 350,
DUUE FH AU A4 B 7% W77, 40 M B N 10 em 40
B FRILA,37°C 6% CO &M FRiFR, §2dH
e 1 IR FRW, (2) Nestin FH I 40 A8 (1) 3% % . 76 1
TR EEFE 7 d AUV AR 2 B e 60w 1 A 2L 5%
FRML, BN N2 B F2 M 20 ng/ml bFGF, 4 2 d H#k
BR, 1~2 d J5 SOV A4 0 B R T, B E B R AT I
AN R S B A M S R AR K 2 J S LA Y2 K s el
SN MIECT 42 P AR 0 AL ZARE IR L, B R WA IR
55 2 H R LK S PR/ 40 i [ (P 2 3RO 5 R IR L 4K
SEREIE 1R, (3)INSCs M4tk 5534 K B sk 19 16
ZERHT 0. 25% BEEE AL 3 min S5, WO R A0 i B
W B BH I UG TR ML, 55 5%k N2 55 % O
20 ng/ml bFGF, 4} 2 d #ui ,4~5 d 1648,

1.2.4 hESCs #1 NSCs #h %€ (1) i % 40
b 2% 5 4 M SSEA-4, TRA-1-81, nestin [ & ik . ¥
%5 50 AU hESCs K 4litk NSCs [l 5E T 2 B i & R
A 10 55 B b TE 8 S I dF L 20 i N SSEA-
4 . TRA-1-81 X nestin —41,37CH#FH 1 h, TRITC,
FITC kfid = H1 37°CHFH 30 min, %6 B85 W 52,
(2) WA 40 R KW hESCs 1 SSEA-4, NSCs H
nestin PHE 40 i LG 451 . JBR 2 1 I O A0 R S AR AR Al
1, PBS #hik, 4% 2 % W #E[H €, Triton X-100 i%&
.2 AN SSEA-4 —$UH nestin —$t 37°C 1 h,
FITC #8132 =t 37°C 30 min, J 4 2 5CRM . (3)
RT-PCR ¥l Nanog F1 nestin 1) 2% . BUA 20 14 1)
hESCs ., 4l 4k ¥ # 28+ 41 e , PBS ¥E 2 X Ji5 Hl TRIzol
AN M S RNA, AR5 H BN 51 9 30 5 5% & ik
cDNA J5 #47 PCR K, PCR & M. 4 10 94°C 4%
P£ 1 min.55°CiB K 30 s,72°C ZEM# 1 min, § 1 35 4
¥, H pactin A Z M., & 519 F 5T,
Nanog L 51#% 5-CAA AGG CAA ACA ACC
CAC TT-3", F¥#i5l# 5-TCT GCT GGA GGC
TGA GGT AT-3"; nestin 514 5'-CAG CTG
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GCG CAC CTC AAG ATG-3', Rl 514 5'-AGG
GAA GTT GGG CTT AGG ACT GG-3';p-actin |-
W5 5'-GAT CCA CAT CTG CTG GAA GG-3',
N 519 5'-AAG TGT GAC GTT GAC ATC CG-
3", (4) NSCs b 525 . ONSCs 20 b # £ 6,
H I BALARI) NSCs #50 T 2 BB R B 1 6 4L
BR IR R AR K R N N2 BRSO 10 ng/
ml BDNF .10 ng/ml GDNF, 3% 10 d. @NSCs %
T4 R A B, K NSCs 82 b T 2 58 2 1 40 45 1)
6 FLIGFFEMR L I N2 B FR M F1 10 ng/ml PDGF,
Fi IR 10 d. 9% 98t 4 M Ak 2% R W A2 T e o 4 i
bR R GFAP . D 2 41 s 55 kb i O4 FIgi &
JUHRF S PERR A NSE B3R IE 8 F (X 100) BEHL 4 vt
JROTR VY G SRR o S 7 R = 1 7 NG 1 o
4 h GFAP,O4 \NSE PH % 41 jif Lk 31

2 # R

2.1 hESCs 94 KB 412 W MEGERA K,

LA B IR, BV% W4l i A RS 2 K
we
4 ...:" . .-Ir c..'

e 0

A7 BT 40 M A% /i i s LG v, RV R Y MEEF
WFRZRBRERE . %, B 6~7d J5HFE
o FER] A K B AR R I S AR AR IR, AR
Ja A 2 HBIRT WA 2 /N VR BE TR B W RY OK, iR
Wik, hESCs BB 7 12 N H AR 50 4%,
2.2 ¥ hESCs & # 4£ & NSCs #F & 45 /2
2.2.1 BRARWES PR I iR T
A0 AN RE R A D R R AE K (B 1A LA
JE I AT BEVEAR BRI IR AR (B 1B)

2.2.2 WATHMNGL EAERE 1~2d
WikE I, PO 2~3 AN N, 5
IR AR R (B 1C) . 2 B HULONEICT Bk
SR A /N G, F AL 5 2 R K R T
SRR, MAERMA 2~3 A K S 2R 1 gi i
YL, I BE T 40 i 3 5 HE A% (1D

2.2.3 wmE&THERMELEY ¥ HRETIERK

VIR 2 BR AT RO A0 B, 4N e I EE A G (A
1E) % 5 I, SR W2 KR e (B 1F) . A
6 A 1) O o v (1 8 B Ul PR e 22 T AR I

B 1 %5 hESCs % B4 B NSCs B 75 HF iE
Fig 1 Morphology of NSCs induced from hESCs
AEB of 39 day; B:EB of 7" day; C:An attached EB shows small elongated at cells concentrated the center after 2 d; D: Attached neurosph-

eres; E:lsolated NSCs; F:NSCs cultured in a network of process pattern. Original magnification: X 40

2.3 hESCs #9 & fe b5 ®  RZ 75040 b 241k
KL 55 50 AR hESCs % 5 ¥ £ 1 1 Jit SSEA-4 .
TRA-1-81 ik B ¥ (Bl 2>, i =X 40 Mg AR A Il
SSEA-4 PHPE KA E 4 83, 44% ., RT-PCR £l £
hESCs #¥ 5 3 A Nanog WK IA (K 3)., hESCs 4
KL B Ry I A6 XX AL,

2.4 AZEFmiey %k RT-PCR &2 0 &1
A A E FEF nestin (IRIE B 4), 55K
W 7R nestin 3 ik 5k BH PR, 30k % 4 (90, 02 +
3.5 % (B 5, REALAG I EKIE nestin, it X4l
JL AR A WU 89. 38 %6 I 40 il nestin ik BH Pk,
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E 2 hESCs B R E R ALEE
Fig 2 Cell surface marker expression in hESCs
A:SSEA-4 positive hESCs ( passage 50); B: TRA-1-81 positive
hESCs (passage 50). Original magnification: X 40

2203 D —
s | b

3 RT-PCR #2ill hESCs %5 5 £ E Nanog i 5%
Fig 3 Expression of Nanog gene in hESCs
M: Marker; 1:B-actin; 2:Nanog

—

— 1211

R )

E 4 RT-PCREMHEFHBFEREENRIE
Fig 4 Expression of nestin gene on NSCs
M: Marker;1:Nestin; 2:-actin

E 5 GBI FEE
i 44 22 F 40 B nestin B i
Fig 5 Expression of nestin in NSCs as
detected by immunofluorescent method
A:Isolated NSCs are positively stained for nestin; B: NSCs cultured
in a network of process pattern expressing nestin. Original magnifica-

tion: X 100

2.5 MZFafeatt L R Nestin FHHE4IE
T8 53 A 15 57 2 b g i ey ) T K i A K sl L a4k
i’aﬁﬁ%@zm@iﬁﬂ@%méﬂiﬂﬁJf&f/'\i&zﬁa%ﬁﬁz,ﬂ@%ﬁé
AR S fil, 28 10 H AT WL K & M & ook IR i
MM RIE R, 248 10 d 20485 % ) 34T % 9%
SR, BT R BEHLSE T 10 AN F0EF R BH T 40 e L g
nestin FHPE 41 i A9 2%, GFAP BH % 19 AL T8 I8 i
M (32.14+3.18) % (B 6A) ,NSE FHPER #2200
H(20.57+2.66) % (] 6B), 04 PH /b 58 i i 41 i
B, R (0.2940.13) % (B 6C) it =X 4fl 1w A s
GFAP FH M40 g ik % K 33.25% (Kl 7A) ,NSE FH
PEAN o 2235 %0 18,10 % (K 7B) , O4 BH % 41 i 3% ik
EN0.47%(E 70),

6 WMETHMMS LK
Fig 6 Differentiation of NSCs

A:Differentiation of NSCs for 10 days shows that the majority of cells are GFAP " astrocytes; B: NSE' neurons are detected after 10 days’ dif-

ferentiation; C:04 " oligodendrocytes are observed after 10 days’ differentiation. Original magnification; X 100
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Fig 7 Expression rates of NSC markers after differentiation as detected by FCM

A:GFAP™ astrocytes account for 33. 25% after 10 days’ differentiation; B: NSE™ neurons account for 18. 10% after 10 days’ differentiation; C:

047 oligodendrocytes account for 0.47% after 10 days’ differentiation

3% it

3.1 AEpETF@mpeyE iRl AMHET4HMR
BE IR ) OGS 4E FE LR 0 IR AS  MEF RE 2 Wb 2 ik
hESCs 34 4= FH 4 1 [ 3 04k 16 B, Btk ] 1 24
B 98 hESCs M5 5% 2, i 15 fal 7% 2 % O 5 20 3R 2
X MEF 40 g 8 47 70 b 22, {30 76 £ 35 20 W6 Zh fig 11
Sl bk A AE . Bl hESCs B &K KB 5%
e, HATH AL R 2 285 5% C Bk BILE
I F T R ) e o O L AR AN R VR A R
B G kb PR ) . MEF 40 i (926 T2, A E 3 %k
Iy WAThfE T OB B DNA B 5 S B 14 B T 3
hESCs W AEK JIE B 4i 48, A% £ MEF
JARER TR 25 Gy v 3 2k BRI S VR AE L 48 AT &
I, 45 R OR AT M hESCs 230k, 4 3L e 1
FET 12 A H AR 50 UL ik SSEA-4, TRA-1-
81. R FF 46XX [ 1IE % #% 24, 4 hESCs I 35 77 12 fit
THBRIKIMNEFRIER,
3.2 ARETF@mieThsarAnEFamike T
RIS 2 S hESCs 1l A4 B NSCs, HLIX Ff
hESCs >R J5 17 NSCs % H At >R Y5 1) NSCs H A 3 K
(386 58 AR & W e, 0 2 B0 RS 0T R Bt
hESCs 4= i NSCs 7= 2 firali 5 A e, HoR A is S
I3 AR TN K B 5 DRI O S ST v ORI B 15 5
G R ARAT LUAE I PR N FH 1 G5

AR T LN G 4l . PKU &R b B AL, & 0
hESCs £ =250 75 5 JE i nestin BAYESN i, 5%
S RESCs B 56 B8 C48h I 44, A% 52 56K hESCs
BVE RS T A0 B R IR Ik, B R R SRk T kAR
ZMPMAE S — 2 F R ERENHRH T #
R L W01 50 EL N

hESCs 41l Jfg 2 0 I AR B B s w] 23 A6 A L 4b
3 AR A 2 40 R U5 T AR 2 WA A A
P J2 0 R R 2 10 T R S AN IR 2 T 2 4R O
R 4l NSCs IS8, Ying &R, M
ESCs 71 W i £, 4 1) 8% 77 B b A KT B 2% 1 i 5 0
A CLIF) B, 40 43 4 Bk )5 30 L A8 23 4k 40 i 72
L35 A7 AE I FF A 3R 0K i 28 40 I8 2 4 7 1) 6 I ——
Sox1 J [A] L fif 75 JG L ¥ B H B 0% 56 DAL (9 3R 0, 4 U
MG & A1 — 2o 40 i B 7 {2 4 ESCs 1)l #t 22 4f
J g P B 3 I 4 B 4K T TG I3 A AR I A OG
M55 @A B EOE  EFRE TS, 5
AbBF G SR WY R G AE A A RS L T 2 BFGE 1
{55 ,bFGF & i M #4832 I 1, & {2 iF NSCs
FEBE AT 22y 2L, ARSI SR H G MLV (9 N2 B 57
K bFGF N7 9% % nestin B2 40 M, 78 3001 44 %
Tt 2 5 MU 32 BCR v b 2 39 26 (0 /N 41 gL 28 2
Hul sk KRR M e g Bk, 7 d J5 % oh & sk 4T Ht
JS PR B G B L 45 B9 BT 90 %6 BA &% ) nestin
FHEAN A, X 2% nestin FHPEAN ML 4 ~5 d BI AL 1R,
R EAARE A2 IE nestin B A SLIER, HAE AR F K
ARG IR I AT S Ak GFAP BH P (1 52 T8 5 5 4
L  NSE BH M #ih 28 50, O4 BH P 1 2 58 Ji it 40 i
iU IXFh nestin BH 40 i B8 2E 4T B B 5 B L JFRE 4
0 28 ZR G5 () = 25 i 0 40 D, DR Ok i TR R el 4
T4

AL B Ty M N T i RO B 1) 5 5 hESCs
A2 NSCs [ 77 5 A i ¥ NSCs (1) 5k U5 R A 7] 8
BT TSI AR L IF A W UM iR A R A B R
TARAN AR R hESCs £ 1) 2 44 (1 ¥ B L B¢
BVRYT M SO BE A A T LA S g SR A 4 U
FPEM KA AL NSC R AT e, RN ph 21 R I
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