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Rhesus monkey embryonic stem cells differentiation,
proliferation and allotransplantation
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Abstract: To investigate the characteristics of rhesus monkey embryonic stem cells and to promote their clinical
application, the differentiation and proliferation of rosettes neural stem cells from GFP marked rhesus monkey embryonic
stem cells were studied The results showed that: 1) A stable and high-efficient neural differentiation system was
established. More than 95% of the embryonic stem cells were differentiated into neural stem cells on the 12" days of
differentiation; 2) the rosettes neural stem cells differentiated from the rhesus monkey embryonic stem cells could
maintain their rosettes-shape by proliferating with bFGF/EGF; 3) the neural stem cells could differentiate into neurons
after transplanted into the rhesus monkey brain. In conclusion, the rosettes neural stem cells differentiated from rhesus
monkey embryonic stem cells could maintain their characteristics after proliferation with bFGF/EGF and they could
survive and differentiate into neurons after transplanted into the rhesus monkey brain, which strongly supports the clinical
application of neural stem cells in the future.
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T e T4 EA HERET. ZER L
(Gage, 2000)- iIL# D) fie « R AF I 23 G P (Amar et
al, 2003) LA S A% 3% Y5 PE(Modo et al, 2003), hiF%
A LUVA B Ah 2 R PIRAR ML TGS i 4e. Al
ST MR E AN EHEMAN TH T2 W04
fiu(induced pluripotent stem cells, IPS) /574 HH I
(Okita et al, 2007), ffi4i il FAGI7 M4 RAEHEN
BCh T AR

AN IR AL, BRI G + 48 i (embryonic
stem cell, ESC)REW /b M P& i tA g . #h& T
(Calhoun et al, 2003; Chen, 2003; Kuai, 2009) A /i it
0 Jfd(Chen, 2008); {HJZ, BEA XS #HZT40 MU 5T
R, Pankratz et al (2007) 5 HUZE R IR T-40 Jfd 1n) f 28
TG oAy, ) BOIR AL P (rosettes) 45 12 41 10,
AREIE R R AR A, kG
240 i Sk Y5 PR A 22 T A4 4 L )R M 4 R R 1 R
(RIS AR SR AE R

B M Bk 25 4 40 o 2k K [ F (basic fibroblast
growth factor, bFGF) & Gospodarowicz (1975)7E
1974 4F A= o o 0 2 240 H 1 — P 2 KR 7
bFGF 1E Mo A S AF i A 3504 o v, — PR e 221
ez oy 35, e Rl VR F T 40 I AR B (1) 52 44
R T 20 B s o . R AEK N7
(epid-ermal growth factor, EGF)/& Cohen(1962) X
TE/NBRURAR R e I — RNy iR, R
]z R 2 S4B VR . iR ] bFGF il
EGF HHATY G FRMET 41 fi(Murphy et al, 1990;
Studer et al, 1998), 1l bFGF/EGF ™14 2 {5 50 141
i 4 1 47 AE 4+ i (Du & Zhang, 2004; Elkabetz &
Studer 2008; Hong et al, 2008; Koch et al, 2009),

PR AT a5 AL R0 AR B B AR e UG 2 HoO 5 N R
B 23T (Wolf et al, 2004), LA, BRiEIRNG T4 i
PIRREE oA i AR R N KR R & i R v i i 2
RS2 [R] I a] H T 0h 20505 25 W 7 126 LA %
FEIE A4 MG R VBT (R AH DG 9T . Li et al (2005)
V4 H A VR i T 40 23 A A5 21 00 fih 28 4 R A% A
22K UG P RIS, bR T S R RS R T A A e 2
o PAtk, AHIF ST I SRR AR T A B S
SRR, ¥R bFGF/EGF ¥ MR f e b & 14
Jfl Rosettes &5F9%EE, FFAERPMBAE EiEAT R
SEHS, AT A0 RS R S L () N T IR R PR A
BN E

1 MBREFGE

1.1 BRfRAERE T4 RE1E T

tauGFP-rESCs 41l /it % LYON-ES /£ #(LYON-
ES-WT)(Wianny et al, 2008)(i% & B & 41 iy 15 fisi
BEAWTFTIT BN, 156 F 0 40 ju A% AL 25 8~20 1)
Br Ay 42 2475 % C(Sigma, 5 pg/mL, 2 h)AL 3] CF1
/NSRS (CF1-MEF, 1 ATCC) I, HHEFR751%
Z IR CHk Wianny et al (2008)(4RIEIETT . REFE3E
4 80% Knockout DMEM(invitrogen)+20% Knockout
serum replacement(KO-SR, invitrogen)+1% JF 24 7
IR (Gibeo)+1% PSG(invitrogen)+0.1 mM B-3ti %k
L1 (sigma)+5 ng/mL bFGF(chemicon)s.
1.2 GFPHRICERRAERR T40Aa 2 F4RAE 5 1L

Z 8 Pankratz et al(2007)I#HZ 504k 51k,
SLLEG IR (embryoid Body, EB)YZEAIELZ VL4
AR o R JIGT-40 i pe B S T Bk k, DIk
1 000 ML A A Al S, BiFRIR, EEB.
BIF R FER . DMEM/F12(1:1, Gibeo)~ Neural basal
medium(Gibco) « 1 X N2 supplement (Gibco). 2
mmol/L A Z % (Sigma) Il 50 U/mL 7555 %
(Sigma). FFJERLIT) EBs 7% 2|28 ECM(Sigma)ib 2
%73 PR 2 A 28 0 Ak B 9% B (neural - differentiation
culture medium, NDCM)F 4k 4557 . NDCM J%453
A i FI12+HITS-x+2 pg/mL  heparin+2 mmol/L
glutamine (Sigma)+50 U/ mL 4% % (Sigma).
1.3 GFP fRigERRH#E TR 15

FTHERFEM A Rosettes 45K ET-41 i,
% 1:3 2 NDCM K5 923975 11 20 ng/mL 1) bFGF/EGF
PR YRR TR . AR TR SR I ARART VA IR i
W R FRALATTE, HUEANA N bFGF/EGF .
1.4 T FIRTZE

PSR (S a) B AR BRI (e = 5 LS ) ey e
FERE Bt B A s it o B SE g sh b oo ik, T T
PRET 41 A% R S5

SERBRIEAHT 24 h A8, IERYOK, HRUREE
(10 mg/kg 1A &5 % SR B +20~30 mg/kg 745 1%
LE2Z98+0.3 mg/kg AT FTFL L) o R 3hH0 7855 RN
TR HE RS, BRI LB G, kar
PRREAACE R o SR 30" B IR W B S 4%, K
if bFGF/EGF ## J5 4eF5859% 3 AR 5 puL(1x10°
AN nL) TN MR R B BRI S X o 3 N
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0.5 uL/min, 541 1 min 5, 220285 . BHEERR
L S BRI 25 3% A(CSA)10 mg/kg.
1.5 HREHALQLFERE

UGB R SR 40 M ) PBS VT 2 3. 4% 2
i (Sigma) =i FE & 20 min. 0.4% Triton X-100
(Sigma)iZ il 15 min. PBS $E¥¢ 2 #; HIA 5% [ BSA
FEFEA 1 b, REIMA—PL 4 CRELR; X
—PU)E, PBS ML 3, ARG IMA P =R T E
1 h; PBS ¥ 3 5 H hochest33342 #ric 41 % »
—PiAFE: Nestin BT 7 BEH144(1:200; Chemi-
con). B [ll-tubulin FHTH e FEHLIA(1:200; Millipore)
J A 28 i T SR 4T Ak R P 2 11 (GFAP) SR e B e
{£(1:1000; Chemicon).

MMFERL 2 N H G, REBREC 2R - 0.9%
A AR K GO I TET « 4% 22 2 R O I v © B
4%Z WIS E 3~4 d £ 15%. 20%- 30%%H
J5 HEWE I 7K, LeicaCM1850 VKRV HLUK ) s
TR B Y, Tk R A e e A et —
P14 B 1MI-tubulin P ERE 5 FEHTAA(1:50; Millipore)

0 B G 2 AL AC R B A4k 5 R S8 e JL R AR
8% N (Zeiss, LSM 510 META)1 .

2 &4 R

TEZSER AR T, Lyon-ES 7E0-055 12 K
I, 95% L 4 fhze 40, 40 ez HAy

=l
100 pm |

-
100 pm

R BRI AL SR (B 1A, B, E, F). gl %4l
S 25 AR, JUF BT (1 40 R 52 000 s+
41 B £ BI04 Nestin(E& 1B)F1 Pax6(/& 1F)BHH: .

ST 2 Rosettes Z5 4T 41 4T T8k
G WEEERT IR, 5 RIS I bFGF/EGF, W] 4E+7 3L
Rosettes £5#4 2 N HE 2, = AR 5HR),  90%LA
b A R RS 2 A RE PR (B 3) A AN
bFGF/EGF K77, 7 gk a6 (Bl 4). &40
L ZH 24k 24 S Rosettes 45 R4 28 41 L 76 73 Ak
%21 R, KEMBEEKIEMNEICE ALY B
-tublin-II1 (] 5B), 7E/0fL56 56 KIF, K254k
KN R T4 il E AR id 4 GFAP(J] 5F).

¥22 bFGF/EGF 914 J5 1) Rosettes £ 4 #1221
0 RS i 3 Y B B S S L, R IR R 40 e
RERS A Uf I AEBR N N A7 15 (K] 4A), HRERE RIS
2GR FARICY) B -tublin-111(&] 4B), 2 W]iX 41 iy
T I TT

3 % ik

ESCs HAT 7000 AR A7 A i LRI e
KINLAK, ESCs [n) #2840 (1) 53 A% — T & i 9T 44
Mo HHET, RAME TS ESCs A LI T 5
ZHE, WA R BT LAY g LR LR
7559 (Bain et al, 1995). EB J¥/#iJ:(Reubinoff et al,
2001; Kuo et al, 2003; Itsykson et al, 2005). JL&%

—_ —

S0 pm | 50 um

H

—

50 um 50 um

1 LYON-ES A /EM 2 7305 12 Ko fh 214y
Fig. LYON-ES cells differentiated into neural stem cells at the 12" day
A)GFP(4th); B)MHEZTF4 ML 47104 Nestin(ZL t4); C)AN A% Hochest(H 4); D) AB.C & I&l; E) GFP(4k(1); F)ME 41 JL 4 47104 Pax6(£LE4);

G4l fi#% Hochest(# {4), H)E. F. G &K,

A)GFP(green); B)neural stem cell marker Nestin(red); C) nuclei were stained by hochest(blue); D)overlap of A,B and C; E)GFP(green); F)neural stem cell

marker Pax6(red); G)nuclei were stained by hochest(blue); H)overlap of E,F and G.
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—
50 um

—
50 um

2 Rosettes 45214 il 2 (RNSCs)bFGF/EGF § 4%
Fig.2 Rosettes neural stem cells(RNSCs) proliferate with bFGF/EGF
A) FIE GFP MG T M, =55 FiR N Rosette 45 F(4EE8); B)4I A% Hochest(#it2); C)A. B &K,
A) cells express the GFP(green) . Triangle indicates the Rosettes shapes; B)nuclei stained by hochest(blue), C)overlapped of A and B.

—
50 um

—
50 um

K3 T Lkik Rosettes 5 F 12 T-4i 22 bFGF/EGF ™ HiA£ {01557
Fig.3 The Rosettes neural stem cells proliferation and differentiation with bFGF and EGF

A) GFP(4£8); BYMIZT 41 i 8 A ARE 4 Nestin(£062); C) AL B &0k

A) green fluorescent protein, GFP(green); B)neural stem cell marker Nestin(red); C)overlapped of A and B.

—i
100 um

— : g

100 pm 100 pm

Kl 4 T TPk Rosettes £ ML T-41 fu ey 49 1% A 7 (JC bFGF/EGF)
Fig.4 The Rosettes neural stem cells proliferation and differentiation without bFGF and EGF

A) GFP(4t£8); BYMIZT 41 H 8 AR E 4 Nestin(£062); C) AL B &0k

A) GFP(green); B) neural stem cell marker Nestin(red); C) overlapped of A and B.

FRE SR FE R 5 (Takagi et al, 2005;Yan et al,
2005). FERMEMEF R R 5715 3 04632 Nestin
(Andressen et al, 2001). Sox2(Li et al, 1998).

Nurrl(Kim et al, 2002). bHLH(Kanda et al, 2004)%% .
o EB JERGE X RIS R FHE, & H RTINS T4
JHE0 1) o 2 A0 S A T 5 s T ) T VR o T

HAT e g, W DL R IR IR R B I VE 2R
m Tz N AR R AR E S AE ST (Reubinoff
Et al, 2001; Kuo et al, 2003; Itsykson et al, 2005). A
S 23 [ Pankratz et al ( 2007)#: 3 (K454 EB VAR
PR R AR R, AL T AR e m AU T
MBI AR, KRR MG IR A, 13
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—
50 um

)
50 um

J

—
50 um,

—_
50 pm

K5 £ bFGF/EGF 445 1f) Rosettes #1254 il [ 128 41 i 4314
Fig.5 The Rosettes neural stem cells proliferate with bFGF/EGF and differentiate into neurons and glia cells

A) GFP(4k£8); BYMIZE TG (AR IC A B -tublin-ITI(Z1 ); C)41iuf% Hochest(#ith); D) A, B, C &JIK; B)A 568 (1 GFP(4RE); F)MIZ IR T4l s

Fric#) GFAP(Zf); G)41fiui% Hochest(#i f1); H) E. F. G &K,

A) GFP(green); B) neural cell marker B -tublin-IlI(red); C) nuclei were stained by hochest(blue); D) overlap of A, B and C; E) GFP(green); F) glial cell marker

GFAP(red); G) nuclei stained by hochest(blue); H) overlap of E,F and G.

==
100 um 100 um

Horheh | p Marge

100 um 3 A

100 pm

6 £ bFGF/EGF #1455 [¥] Rosettes 1t 254 LB A2 i )
L2
Fig.6 The rosettes neural stem cells proliferated by adding
bFGF/EGF were transplanted into rhesus monkey brain

AVETR TR GFP AL(4(0); BYBREANNL 41 i o, absidd)
B -tublin-ITI(£T.1); C)4M 1% Hochest(i); D) A+ B. C &,

A) alive GFP cells; B) transplanted neural stem cells differentiated into neurons;
neural cells marker B -tublin-III(red); C) nuclei were stained by hochest(blue);
D) overlap of A,B and C.

F| T Nestin fil Pax6 =1 #1441

Rosettes 4% #)[f) NSCs(R-NSCs) LA ) VZ Kk
HWERE. P, WTy HAZERF R-NSCs S JF i pf
LY A AR T FT R OCHE . Li et al(2008)
R D4 B A= K PRl - (hepatocyte growth factor, HGF)

REPIMF] bFGF (2 HERRAE VR IG 120 B AU A0 b 22 i 44
YN ()45 . HLAR BFGF Al EGF A2 H If 3 384 Fn 4
FF NSCs (1) X8 4 K K 7 (Murphy et al, 1990 ;
Studer et al, 1998), R F 422350, 4 R-NSCs 7E
bFGF/ EGF f#1EI, 23512 Rosettes 4514 () 2528 A
M5 B &g s k. BFGF HH % 5 % 2
(rostro-caudal) il |~z K R 41 o 7y Ak K fig ), &
bFGF 4 14 (1) 40 Bk AR e 234 BCR a DX 3y o
% J6(Du & Zhang, 2004). 22NN, &k
bFGF/EGF 344 Ji5 (R B 5 A< A i hp L1410 ke 1
(Hong et al, 2008; Koch et al, 2009). ASZEGH, F 1T
PIE M R-NSCs £:id bFGF/EGF § #4648 2 M H IS,
TSR BE s 35 0 () 4EHF Rosettes 45 #4711, % B
bFGF/EGF ¥ 4 BEME I Uf 1 4+ T-40 B i) o ALk

MHTREAT A2 T A R R S IR, 24K
#BL bFGF/EGF ¥4, BAd /5 M f7i% . 704k
PO ROR K 4f(Muotri et al, 2005). BRI IG T
) O A E O E 2R i) TR e N e s 1 2 2 (E RUEA T
ARG (L et al, 2005). ASLt, 2 bFGF/
EGF ¥ #9151 % Rosettes Z5 R AL T-41 f 28 [R) AP 7%
MG 2 N H, DIRRES R A5 I I 2 0ok

2, it bFGF/EGF ¥ 4 b 2+ 40 i et
B U A R T AN B PR, AR REREAE A A
LG I A A o1k, 31X ARk A Rph 441 i
Bt it 7 RS M E m 8 .
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