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The morphologic study of phenotypes expression of neural stem cell from human amniotic cells/CAI Zhe,
SHU Jun, PAN Lin, et al.//Chinese Journal of Rehabilitation Medicine,2008,23(12): 1077—1081

Abstract Objective: Amniotic membrane which formed at the early stage of embryonic development, consists of
epithelial cells and mesenchymal cells and possesses the potency to differentiate into multi—germinal layer cells.
Here we investigate the expression of specific protein markers of the neural stem cells (NSCs), the proliferation and
differentiation of the amniotic cells by utilizing the morphology methods, identifying the neural stem/precursor cells
in human amniotic membrane. Method: The expression of specific protein markers of neural stem cells were
detected by immunocytochemistry in human amniotic membrane and cultured amniotic cells respectively. The
proliferation of neural stem/precursor cells derived from human amniotic cells were tested by BrdU incorporation.
Result: Pluripotent neural stem cell specific makers were detected in the human amnion membrane, especially in
mesenchymal layer. In addition, several neural stem cell specific markers including Nestin, Musashi—1, Vimentin
and PSA-NCAM positive cells were identified in the cultured amniotic cells by immunofluorescence staining. BrdU
incorporation test showed that BrdU positive cells existed in cultured human amniotic cells, and double staining of
Nestin+/BrdU+, Musashi—1+/ BrdU+, Vimentin+/ BrdU+ and PSA-NCAM+/ BrdU+ suggested that proliferative cells
expressing specific protein markers of the neural stem cells presented in cultured amniotic cells. Conclusion:
Positive cells of neural stem cells specific protein markers including Nestin,Musashi—1, CD133, PSA-NCAM and
Vimentin existed in human amnion membrane. BrdU incorporation test showed the existence of both the proliferative
cells expressing Nestin,Musashi—1 and Vimentin, and differentiated neuron and glia cells, which indicated neural
stem / precursor cell presented in human amniotic membrane.
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NSC BA7 B F 8T BRI 5 A 2 73 AL BE (4316 A
P2 TC BTV B 5T 4 20 5 5 Jo 2 ) 1 4 ), s
2B WF 5T U ] NSCRy w] 47 3G 1 A0 a] 98
HEAT NSC ki N B2 4B IR T7° A 4 Bk DR 45 1 28 R G0 9%
B B R R O A2 AR SR AT PR B B3R
Jroli R A B (R RIR R NSC R 12 35 A1 A A4
NSC 2k 552 FR A% [R]85, FR &) 1T NSC ik 9 5% A8 1 1l R
J7FH o JE 1T R i B 00 1) 2 B 2H UL R AR, 207 )
JRFEH), TOAC BRF (R, 3T A7 AT 58 42 W 27 I 4 41
PR RA LI RERI M, PR - AR IA 2
Ae T 20 i 5 S PR 5% S [ F- Oct—4  (octamer—binding
protein 4,0ct—4, /\ K% $ 8 11) Al nanog , % 7% 41
LU MR 3 s, RSN IR E IR b R i 2
Ay 3 AR R B T RE WIRZ (B, R
B R )ZE GO LA AR ) FAMIR 2 (R 4 ) , 3 om
= B A B T AR R R AR SR e IR
AL PR T2 T HbR, I 204040 B
BRI, XA T4 MR bR id & e F
HR L VAR A IR BEAT R, T L BRI A
Z LT Re S AR W F R O NSC BAIA YT fi & R
GEABAT RS B BB 64 2 iR U

1 #B5FE

1.1 #hR

L1 SCBebbl. AR ™ 08 e )™ a5 I 5 00 4
ZL(rh B BERE AR AL |

112 Bl N ROT A BR AR B OR E B PR TG
(mouse anti —nestin human
antibody , CHEMICON ) ; /)N T I JE 2K 1 B 5w B B 1k
IgG  (mouse anti —vimentin monoclonal antibody,
CHEMICON) ; /) BT 25 Vi i 2 1 £ 240 JED 286 23 5 B
o PR IgM (mouse anti —polysialic acid—-NCAM
monoclonal antibody :PSA-NCAM,CHEMICON); LI
FPT Musashi-1 Z 5EBEHLIK [gG (goat anti—-musashi—
1 polyclonal antibody,R&D);/NRFT CD133 HLy &
Pt /&  (mouse anti .CD133 monoclonal antibody,
Abcam) . /)N ERUPT i 24 R 72 AL It 50 52 B B0 4K (mouse
anti—tyrosine hydroxylase monoclonal antibody, TH,
CHEMICON) , /N B B Jit 47 A 1 1 4 11 B0 v e it A
(mouse anti —glial fibrillary acidic protein, GFAP,
CHEMICON), /NERBUH o1k p- M3 & A
M50 B B AR (mouse  anti —neuron —specific — I
tubullin monoclonal antibody, R & D), #3£$i BrdU
Z whEPLIR (sheep anti-BrdU polyclonal antibody,
Abcam), AL F X FHIIFRIC 40 (rabbit anti-

specific  monoclonal

sheep rhodamine conjugated secondary antibody,
santa cruz), WIZEHT CyTM2 Frid th FE T/ R 4t
(CyTM2 —conjugated  goat
antibody, Jackson); DMEM/F12 1% 3% 3 (gibco), Jifi 4
137 (hyclone) , R 2 FIBE (sigma)

1.2 SERT5ik

121 AERRAEM B3 . WO™ 5 K 55 R i I
B, MU B RRAH 2, DUAE BIER K B Uk 25 4t il
Be, fEKG M PBS (775 % % 1000U/ml, #E# R
1000U/ml, P K% % 100U/ml) 32 L 1.5h, 78 TC I 4%
PER R B b B O A LB REBE AR, 0.25% B 2
37°CHHAL Th, & 10%)i6 4 L% DMEM/F12 2% 11
THAL, ATIR 21 J5 200 H 40 j i ok g, & Wy 22 Je 431
SO ML, VAR AR B O 110/l $E R 10% 01
LV DMEM/F12 (4 75em? ¥ 3%/, & T 37°CHH
Ui \5%CO, IR B2 By FRAf i B 9% 4 3d B b
FEW, B T—10d 40 1 K

1.2.2 GV IR F IR0 57 520
1221 fpf e U2 e O R AL 2L IR AL
AW 4% Z W E , PBS B 3 Ik,
3%H,0, fF ] 15min, ZHK w1 1min, PBS ¥ 3
W, J1—#$T (mouse anti—Nestin 1:50; mouse anti—

anti —mouse secondary

CD133 1:50;mouse anti — Vimentin;mouse anti —
Musashi—1; BAPEXTREA PBS) ‘B 4°Cil 2 ,PBS ¥ 3
U, AL R bR A9 S BT BRI, # 37°CRN 1h,
PBS % 3 %, il DAB(F5#48 t2) . (4 3—5min, £ A
JE o AR B WL

1.2.2.2 557 3 A0 00 S 5 2O A0 M Ak 2 e £
N 55 TR 1S 00 3 MR AN B % — o Wk R T 96 LG
TP, 1 40 MU BE 52 4 ), 4% 2% 5 B [ 5 30min
Ja I — i (mouse anti—Nestin 1:50; mouse
anti—-PSA-NCAM 1:50;mouse anti— Vimentin;mouse
anti—-Musashi—1) % 4°Cid % ,PBS &P 3 WK, ot
FRICH) itk (FITC ARid i 5/ R 1gG 1:100;
B P bRIC I E PN R 1gG1:100), & 37°CHH 1h,
PBS ¥ 3 W 98 B W W .

1.2.3 BrdU # A5,

1.2.3.1 B3R R0 MR 5 RE T %852 R BrdU 42
NSRG53 S IR AN M R S G RE O, b B R B
B R s A BOT LS 10906 4 1L 19 DMEM/
F12 35 SL T B A A, 35 Fh 2 75em? BE IR0, 5 97 AL
PAEH A BrdU (24 2 10pmol/L) , 37°CHE IR 1% 77
i 5%CO, 1537 3d, WHERE IR 3d 5 i AR IR b B
(18] 50 ) 40 B, D-hank s VIR UE 2 i, T2 5 41 i
YR EE #2551 5000—10000 A~ 4fi g 42 7 & 96 FLKG 37
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M, 13 40 Jif 5¢ 4= 0% BE I LA PBS ME 35k 3 ¥k, W 37 1% 3%
WL PBS ¥ 3 ¥k, A IN HCL,4°CHizft 10min,
JimA 2N HC1,25°CAE ] 20min,PBS ¥ 3 ¥, #K
5min,0.1M # #2 25°C 1 Fl 15min,PBS ¥ 3 & ,
0.3%3 E AL A A AL 15min,PBS ¥k 3 W, In4s 41
BrdU £ eBEHiA ,4°CE %, PBS B0k 3 &, bt
AL PHBRIC =T, #EO6 37°CHER 1h,PBS E ¥k
J5 DGR U N AR

1.2.3.2 B fbne % . RH BrdU-
P2 A0 bR 0 B 1 SR S bR SR, S B R
I 240 i 19 43 Ak RE . 4 FL 5000—10000 4~ BrdU 45
ICHE 7 A B AN M B2 Fh 2 96 FLEF FR b, 5 40 58 4
WG EEJ5 , A 1:100 i B9 45 £ 9t BrdU 2 52 BT
& KA T T BedU —$HL R 40532 3 41, B4 4y
B 1:200 B0 /N R BT TH B BEHTIR /N BT
GFAP HusgBEHiiAk, /NPT & oot 5% g-1I
tubullin B 52 B Bt {4 ,4°C 3 % ,PBS % 3 &, &K
Smin, 7 1A Bt BrdU — BT 96 FL1x 3574 AL
A 1:100 7 B S BT 458 - 2 P AR IE — 4T, AL
A CyTM2 #ric il EHi/N R =P, k6, 37°CHEE 1h,
PBS 5 Yk 5 ¢ G B B W B MO AR A R . R
Image—Pro Plus 5.1 A4, W A AR 45 2R 42 B4 A [R] %
KOG EMG (G969 ) T &, WoR
AN FEDECHRIC A B TE [7]— 40 B i 2R3k

2 #R
2.1 & TR S ARG R N IR 2L
JH P Y 2 i

28 T A 20 e — 2 R TR TR PR
KPR AR IE & 1, 4 nestin ,musashi-1,CD133 |
HI vimentin , f 8 2 2122 e o R 78 N SF IR 4120
A9 8] Ji )2 BUOLE 70 A A nestin .musashi—1 ,CD133 I
vimentin FH 20 (UL IR 1, UWLAT &R G id on ), Hor
musashi—1 FHPE A2 #/0, CD 133 BH A 410 52 20
JLAE AR S0 A1

NFBHAW s HA b2 Y4 ) DAB B 4,
BRI 400 L SR Al 0, T A =I5 1] S5 23 A 2 A 1Y
nestin FHYEZIME ; & B ik BT 48 S £ L] o1 J2 v 47
A3 1Y) musashi—1 FHPE A0 A, B 50 BC7E 3 A T 2F
PEH A F)ZE; B C WBonF AL )2 m
CD133 FHYESAMIIAT ; P D S 25 B ) 572 Hh lcre 2 A
A vimentin PHPEANE
2.2 BEFRONE RN M e 38 B 2 /A A0 MR S
Fric &M

LR BUE 5 A5 RAUE SN L ZUN A7 A

2T AR SR AR AR R GR PO AR i, R HE R
A ) S oA e g, dE— 20 WoR N R RZH 21
41 Mg N A7 7E nestin .musashi —1 ,vimentin Fl PSA -
NCAM FHP4: 41 i (WL I 2, i & % fdd ot ) B IA N
L L AN M TP A A A 2 T AR

B 3% N F TS A0 i Y O 5 SO A i Al 2 G (0
9 FTIC Fric & BHPELI M, H A nestin (A) |
musashi—1(B) .vimentin (C) fil PSA-NCAM (D) ¥t}
FETE SR A ChRIC 1Y P 28 1 240 i A S M 2 1 R PR 7

B IR NI
2.3 MR bR 2 A AR i B A 8 5 o A
fiE

UL 3 (UL E R A4 00) o BrdU J2 M i s iE /Y
[FEEACY, AT LATEA0 B F G S 148 A 31318 56 4
ML) DNA Y, G R A4 3% 5 3 16 4 At e 08 14 7,
Mt BrdU 38 & A4IMIAT DNA, 28 4 414k 2
Je i n] WA BrdU 1640 L N 8 AR L , Cooper—Kuhn
ZEUHE B BrdU FHPE 40 i 5 B2 5 A0 i, 2B A2
0 2 e 240 Y 398 1 BRARLS B SIS B, SRR A0
MITE & A BrdU Y BE IR E 72h J5, RIED0
2 Gl e S 7R 1 % 2 G 200 i S22 P 0 PR s e (LI
3A), RWIHEFR ARG M EL A 1 55 0 1 A A Y
FEAE Hrhpp 21 BoAT Z 500 iR g oAk i 22
T BT A0 AL, TH A2 2 P e A 1 kil , 22
[ i RE A 28 00 A9 A 35 i, B—tubullin T J2 4 28 50 43
LY I RRIC Y, GFAP J& ##h 28 Jie I 40 i () b i 2
F1, UL TH. B—tubullin I #1 GFAP 1] 53 5i1E k£
EL R R Fl 2800 | A 48 T FURLE T J5E S5 40 D7) 4 S
PUIRFR YD, MIE S8 3 A 2R R b 481 40 i 1) 43
1L v BE , X B IR F A0 M 4T BrdU 5 TH B-
tubullin [T F1 GFAP BUbR S8 9 't A2z e a | & 8%
I N E AN M A 1S 58 5316 1) TH  B—tubullin I 1
GFAP 5 BrdU XUbr FHP: 410 (& 3B,C,D) .,

B 32 N\ CE TR0 B BrdU 8 A 5898 etk 24 e
o, LT B PHFRIC, S5k FITC Frid,
KD R H by B X B & 208 58 bR il
BrdU PHA4: 40 A, 58 75 5% 57 N 5 B8 4 i 344 B 52 FH M
B, 3-A,B,C %/~ BrdU 5 nestin, musashi—1
vimentin X AR 4 @ FH ME 40 B, H o musashi-1 &
RNA E#EE N, FERBL THEZFEE, K 3-B 1Y
A e sk K 3-E,F,G 2} BrdU 5 tujb,
TH I GFAP XUbR 34 0, 2% (4,75 5653 il 72 B—tubelllin
1L, TH F1 GFAP, &l v XUbR Y& €8, 77 3k BT 48 S 344 58 43
BB Tujb PRI ZIC(E) , 2 B RE M 20T (F) F1IE
A (G).
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80 AEAUAK , Davis 45 BWL%GE 3] 3 JRHE J57 (1 I 4 i
PRSP, X R A AR R BT T XA B B8 BE A 2870
BATEFAER . k0 & ARG J LA b Al p 22 3
Gtk E NS A R I I AL R s A |
SRERKIES, R FRH L ING F I 2 &
Gtk \m HAWIAEY, Uchida SFMRIESE T MR SR 37
HAEC WS & R M IR o 225 77 7 (brain—
derived neurotrophic factor, BDNF) NT-3 Fl i £ A=
£ A+ (nerve growth factor, NGF), 4 75 3 i 2H 2138
I IR 28 SR T R AR OK, TR 48 K
R BB A wEAAER] . Ak, 78 HAEC
Z AR IR P BR R I #1449 BDNF NT-3 A
IR B 25 78 3% 7 (ciliary neurotrophic factor,
CNTF), AJREit A H AR Fph 2858 52 K 7 i AE e,
Marvin ZF2 G F /K PIESE T R R B M2
I ¥, 0 ephrin—A2,ephrin 32 {A-A2-B -
B3 .—-B4 HI-B5 ,neuropilin-2,p75 S £ K 1%
A semaphorin—F, X SEHEPI7EIR G & & AR
[ B BA EZAE ], P2 8 & AR A 050l
R g R A R A R H R S A E IR,
6] S K h BRI 22388 T A 2B SR -, TEAA R
Gk E R EE HEMEN EAERBEA R T
MW ERAE 2 — 2w FoK R M 8 SR A 7
BN T HAE R 22 RGO Ry 2 E SR R 5
VRIS 2238 WM 2k & A 02 1 8 A KR
SR N 2 7 140 L vbon] BEAF R AT L B R M 28
TR0 M sl 2 TCRE AN . Koyano S5US1& B ES 37 2 i
B 4R AT DL A SRR SE TR A (activin A) F13k 2R
(noggin), TMij activin A A LU SR H N %k A E
BAZHEAZ IR mRNA 1Y K3k SCH 25 R R F R %
Y A7 AR SE RS 5 3842 . 1T noggin 7K B I E
LRI b D A R SRR ESY CE AN e & 6
RS2 AT AT A S A HN TERE
M —sE BB, WRER N IR AT G S, iR
JiE - ¥F - 88 i€ % 5% 4 ¥ (basic  helix —loop —helix,
bHLH) 2 5 0 28 7 40 i 43 A 1 1 35, 62 9 i 4 48
(AT IR B, 75 200 B 404 J o SRR 28 4 2
TEL I BE L 5 fik 14 1 )87 bHLH £ 1 A1 O i
MR LD, ) RE I AT T A0 1) 2R 4 e o3 A
e IR e FE T AN R Tk, AH B 2k D /)
AN 53 A, AT A0 A TR S G SRS TR SRR
LT LL LA HESh Y BB RE I B Y kB
HEAHEEEH ., Knofler F"E MMM & & AR
B B, b B 40 A bHLH #% 5% 4% 1 7- Hand

I mRNA WHESERIL, FRFRARIME LT
AW AR B Ry A B U AR A 2 T A e ) AR U
T S AR

A O 2T A B A ) A ST AR WD NSC AT LR
RSB, Horh LA 1 (nestin) XARHI 28 |
BTAMEN AR & R WP RIZEA,
KIETREHW PR RGEME I, HIaES
HE5 I W RN T S S50 A G, 78 P28 T 4 i A
g HAG H 5 ¥ Musashi-1 /2 —fl RNA i
A, ARy KRR 28 2 G Al 28 1R A 1 A Y
BEhRIC, TN L3P VG AR B 22 1 4 i b R ik
P H I R A A5 S R A A A A AN
XFFR 4y 24, 7E 0 7L 3 ) Musashi—1 3 1 JH B9 1340 461
L mRNA ) mNumb 35 Notch 55, A B T # £
T4 B 3% & #12, Musashi—1 X} XA 28 2R 55 i
PRAN M (RGP 28 T 400 ) T &, 2 — P AT E bin
A, Musashi—1 23K T 28 1 40 i il 28 ST i A4 2
JL R TR e S5 T A 40 i TR A0 ) G SRR A Ak i
41} 3K Nestin A1 musashil & , 3 B X 26 20 ffg 2
P28 T0 50 A0 1 D G 40 L 10 2K T (vimenttin ) /2 H 1]
AN M, EMERELETHWRIEA —ER
10 T O v R B N s 7 N A N DI N 8
T RE 1 ph 28 A 20 /AT AR A AR, ST ESE vimentin [H
PE A AE TR TR IR S SAE I 3L 3 W 0 i & R G
WRBR VS BORAASE R ALY, PSA-NCAM J2 4 il %
T —FBEEE 1, 25 PR 2k F AT I
2L AR A 5 R A0 B B TR O T A B/ 22
A 240 L T P ) i A Y IR, R A KT X A
ST TR | B A KR D B I 315 S 1 Al
PEAE R B2 CD133 ARy i i T 40 Ml bs ic 2R
F 3R A T A 42 R GE Y NSC, S22 % NSC 1Y)
FERRICY™ i, FRATH ] NSC Rk b S PEbRid
HE PR R H A e B R BN T A
R 2H 440 i £ 3K nestin .musashi =1 .CD133 . #ll
vimentin ¢ NSC ff mtEfrEEA, EMNEESM T
FIEA LA FUZ (K 1), 7555 A0 60 S e ¢
Ak 2 G fa 25 ] B R T H A nestin .musashi -1 |
vimentin Fl PSA-NCAM FHP: 40 i i 4776 (7 2) ik
S A U P AR 2T A R R S ARG AR
Tk PHAE 20 0, 4 7 3 B 20 2 40 T 9 EL A P T/
TR 20 B R A7 A

NSC # F 2 AW 5 R ARG I, DA e ok
SRR Tt | BE I 5T A M A /D 5% i S5 40 P 3 A T BE
PR AN AR B A AL RE R A, SRR
WY BRI b TER e ST, AT B b R
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Btk b B AR, Wei SEPUR 256 K B, JE v I 1 3R
PR B MR Sh B IR A B L B AR T LR S B ) R
mRNA #Y23K , Bl PR AT B 14 = 58 L Bz 440 i 4 P
FEAE AT LA B 2= 1E 5 KF, ikl Lo Ae ok
B NN, F/n B L K A0 M RS A B AT VG TR TR Y
WHE,, Takashima “FF ] RT-PCR Kl , ik 52 A £
JIEE I Rz 21 il 22 35 AR 1 L alpha(1)-antitrypsin F1JH-2H
ARSI, PR AP IR 3 5 L e A Rl LA™ A R
H .glycogen storage , /)N B4 A F% A8 ST 50 11 ¢ B =+ I
LR T LIS, RN A R A
I3 A T 40 LAY TR RE B Ah , NS IR B A i ik e 3k
O WUZH o e 1 e S T 7~ GATA4, O UK S 1k 2k T
n (myosin light chain, MLC-2a, MLC -2v;cTnl,
¢TnT; alpha—subunits of the cardiac —specific L-

type calcium channel,alphale; transient outward

potassium channel ,Kv4.3), ZE08PE % £T 4E 41 i A= K
[H ¥ (basic fibroblast growth factor,bFGF)al i b &
(activin A) U O WUAR 0 45 S5 PR 5 53¢ 1 Nkx2.5
FLO WURE 5 MEARIE W) atrial natriuretic peptide, 75 i
ERIBIT BRSO, AT LUK I 3.0 DURY 5 1 R
alpha—myosin heavy chain, A I Rz 40 i i K
SO LR M ALY S 08 B, N SRR J 4 i 2= /0 a]
DITEARNAEIE 2 A JF 0] L34 h 0 JIURE 20 a0

i 4F 2K | Sakuragawa fF 5 /)N 2H 75 X 3£ JEE 1 e 20
L 2 A W e DI RE R AT T R G WE ST Al BB —
£k AL T AECs T B AMCs ' 93.1% % ik
Musashi—1 % 1, Nestin BH ¥ 40 i 2% 87.7% ,RT-
PCR IE5Z AMCs #2315 Musashi 1 Nestin mRNA , 7F
B F5 i B AR iC Brdu KA 66%—88%Brdu FH 1
YifE, [RIEAEAE A 53 A B—tubullin A1 NF-M FH 1
HRAFAE, H7 2 J5 [R) 50 5T 40 A 0% 3 8 15 1 A0 22 O3
PRV BE, IR SE 28 S 58] 7o 5T 20 A Hh A 7R A 28 15 BT
AR 200 L ) 2 2 AR 9 R WY 3 B A 440 i v A7 A
M2 T il i 4 5 M AR IC 2R 1 nestin \musashi -1,
CD133 . PSA-NCAM #1 vimentin 15 FH4: 48 i, BrdU
BAZE R, HRNERA MR BrdU £ A
B H & DNA v [6] If i 338 0 28 1 41 4 S M i
% M nestin .musashi—1 F vimentin, ilE 3% T H AP H#AE
A G RE 7 WA 28T THT AR AR T 3 R S T A i
# BrdU 55 TH .B-tubullin IIT FiI GFAP XUbx BH 1
28 U AN ot A A B A7 A (18] 3-F, G H) , iR i gr A
FREA M P A B A LT BRI, IR SE R R
FREH LU A B H T A aE, RERS o)
b R B2 AT R AT

S Lk
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