. 484 - St B IR B 2L 5 2016 4FE 6 H 55 34 %5 6 ] Chin ] Exp Ophthalmol, June 2016, Vol. 34 ,No. 6

- SLR BT -

TG S WD IEAE 0 B A A B 5 5 AR
40 10 A0 0 0 2K B A Y 0 A

NAE EF OwWE OEH OF@ SR FK
510060 J7 N, il KA i AR B ol BRA 2 [ K R S =
WAEMEZE . & i, Email ; luoyan2 @ mail. sysu. edu. cn

DOI:10.3760/cma. j. issn. 2095-0160. 2016. 06. 002

[(HE] EF MEURBEOE LY (RPE) A0 R FE 5 A IR I7 4 1 A 6 M 3 BEAE #: (AMD) #F 5%
BT R , 75 B A6 TC 3 W 5 Mk B 43 (xeno-free ) 55 55 R FR PR 7 1] 5 3 IR IR T 40 ifs (hESCs) 1] RPE 4 g 431k
VIR B KB R IG KRR 2. BRI 57 xeno-free IR R, AL P3d 175 7 hESCs ] RPE 48 g 431k
W7, HiE  # hESCs 5o M50 £ Vitronectin XF™ | 7E£% 38 W # il A 50 ng/ml noggin 10 ng/ml DKK-1
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[ Abstract] Background Subretinal transplantation of retinal pigment epithelium ( RPE) cells for the
treatment of age-related macular degeneration ( AMD) have accelerated the drive to develop xeno-free cultivation
system that support the rapid differentiation of human embryonic stem cells (hESCs) into ES-RPE cells.  Objective
This study was to report a modified xeno-free culture system and method for accelerating derivation of hESCs to
differentiate into RPE cells.  Methods This study was approved by Ethic Committee of Zhongshan Ophthalmic
Center. HESC H1 line was cloned and cultured in Vitronectin XF™ -coated 6-well dish with xenogenetic-free medium.
Cells were cultured in 50 ng/ml noggin, 10 ng/ml DKK-1 and 10 ng/ml insulin like growth factor-1 (1GF-1) medium
for 2 days,and then the concentration of noggin was decreased to 10 ng/ml and 5 ng/ml basic fibroblast growth factor
(bFGF) and cultured for the following 2 days. Sequentially ,noggin and bFGF were removed and cultured for 2 days.
Finally,1 pmol/L CHIR99021 was added in medium for 6 days. Morphological changes in the progress of ESCs
differentiation into RPE were observed by Living Cell Imaging System. The expression of Mitf and RPE65,RPE cells-
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specific markers,in the cells were detected by immunofluorescence technique, and the relative expression levels of
RPE cells-specific marker mRNA were assayed using real time fluorescent quantitation PCR.  Results Polygonal-
shape monolayer cells which contained pigments were initially observed at day 14 after cultured with the cobblestone-
like arrangement. Mitf and RPE65 were strongly expressed in the hES-derived RPE cells 35 days after induced,
showing red fluorescence,and the cells presented hexagonal shape at cultured day 60 with numerous pigment granules
in cytoplasm. Compared with before differentiation, the expression levels of Mitf mRNA in hES-RPE cells increased by
(3.43+2.77) folds and (8.91+2.83) folds, and the expression levels of RPE65 mRNA increased by (14.60 %
3.94) folds and (87.16+9.32) folds at day 7 and day 14 after differentiation, respectively (all at P<0.05).

Conclusions A defined xeno-free culture system is successfully established by adding niacinamide , DKK-1 ,noggin,

IGF-1 and CHIR99021 in xeno-free medium,and this system can accelerate the derivation and differentiation of hESCs
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into RPE-like cells.

[Key words] Embryonic stem cells/drug effect; Cell culture techniques/methods; Cell differentiation;

Retinal pigment epithelium; Culture media/drug effects; Cell line; Humans; Xeno-free

Fund program: National Program on Key Basic Research Project (973 Program) (2013CB967004); National

Natural Science Foundation of China (81371020)

B A & M B OB AR M (age-related macular
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oL BUR ek PSS () I RN S A H O 0 2 2
T AMD [y T 2O TR R AR . BT, B A KR
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pluripotency stem cell derived retinal pigment epithelium,
iPSC-RPE) = ift Jii T 20 Mo I ¥ AL ™ B 8 R b &2
(embryonic stem cell derived retinal pigment epithelium
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hESC HI #k (55 = %% B2 R 27 74 1 IR B I e B 1E )
¥z 973 I H AR ML) s TeSR™-E8™ B 32 1L I il
213 Ak W L Vitronectink XF™ Ak 41 21 55 35 ML (5 [
Stemcell Technologies 7% # ); CTS™ KnockOut™
DMEM/F-12 ¥% 3 W . CTS™ KnockOut™ DMEM £ 3%
#. KnockOut™ SR XenoFree CTS™ . CTS™ B-27
Supplement ,CTS™ N-2 Supplement ,CTS™ GlutaMAX "™ -I
Supplement \JE 25 FF A & R % W ( 3¢ B Invitrogen 23
7)) ;noggin . DKK-1 | fii 1% Z £ 4 K B -1 (insulin-like
growth factor-1,IGF-1) ,CHIR99021 ( £ [F R&D A #]) ;
Pt A OCT4 HifA (ab18976,1:200) . fati A SOX2 #i
14 (ab97959,1 : 1 000) . Pt A Mitf $ {4 ( ab122982,
1:250) (£ [ Abcam 2 H]); B #T A RPE65 4 {k
(NB100-355,1:100) ( & [E Novus /A ) ) ; Alexa Fluor®
555 #Ric Il 2E 30 B 1gG | Alexa Fluor® 555 74 1l 2E 4t
# 1gG (2 [E CST /A 1)) 5 PrimeScript'™ RT Master Mix
(K 3% TaKaRa /A /) ; SYBR FAST qPCR Kit ( 2
Kapa 23 A ) 5 JE 5ot % ( 35 [# Sigma /3 7] ) ; RNeasy Mini
Kit( [ Qiagen 247 .
1.2 fF
1.2.1 s Lo e mis s ALmedg sl
KA IR B 8 HE 25 B3 Sy W A . 1 TeSR™-
E8™ J% Vitronectin XF™ 7E 6 FLAE 41 49 12 32 dig b 12 %%
hESC H1 #, ¥ 1.5 x 10° hESCs 3% Ff #£ Vitronectin
XF™ G4 1 6 FLAE 412055 38 b b AT 15 9%, S 1% 9%
Wi DMEM/F12 &R F2 43 80 20% Knockout Ifil 1 7 1
Y .1 f% B27 Supplement, 1 {5 N2 Supplement, 1 {%
GlutaMAX™-I Supplement .1 4% NEAA F1 10 mmol/L Jg
SORERE s B R 0 ~ 2 R T EFR W P I A 50 ng/ml
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noggin .10 ng/ml DKK-1 DA } 10 ng/ml IGF-1,%5 2 ~4
K5 F2 W F m A 10 ng/ml noggin, 10 ng/ml DKK-1
10 ng/ml IGF-1 DA K 5 ng/ml Bl 1 3% £F 45 40 it A= K A
¥ (basic fibroblast growth factor, bFGF) , %6 4 ~6 K %
FEW A A 10 ng/ml DKK-1 #1110 ng/ml IGF-1,%% 8 ~
14 REEFEWR P 1 wmol/L CHIR99021, % T % 3%
50005 ¥ 9E RPE JE 25 40 i &1 B, ¥ RPE A% 46 g ]
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DMEM+20% Knockout Ifil i & fCH 4k e Hs - 4 g o 46
2 ~3 R hES-RPE 41 s il T )5 2L W1 5% .

1.2.2 F3MEMRERICERE TS A
TEAT IO w PR B 24 FLAR P, 1 40 NS 35 B R M S
FHK T PBS Y% 3 i, Jit & 3 8K 3. 7% 2 3R W [ E
15 min,PBS 3£ 3 ¥, B & 1T LA (% Bt 70 %0 0. 1%
Triton-X100 ) [ 434X 1% BSA)4T4L 15 min, PBS 3%
3, 1% BSA i N EH 1 b, AR —41,4 Ci
G H S, PBS U 3 UGN 12400 4,37 Tk
%5 60 min, kG PBS %% 3 YK, DAPI §#F 5 min, # G
PBS ¥k 3 WK, Lo s E v R E A

1.2.3  SEAFZe e i PCR 75K DU 20 i Hh 45 Fh AR 56 R
THER A XS R ih #i M RNeasy Mini Kit 3 B 43 4
VRS 3020 10 2R % WP B9 B R o R JH DNase 1 2% BR
RNA BEA A 58 & A B LR 20 DNA S 4053 % B 1
g RNA Y B S 25 o JT g RNA 75 3790 5 s il 1) 7
A 8L cDNA . i 20 pl (9 PCR SUWAK £ - 432140
4 SYBR Green PCR Master Mix 10 pl,L?{ﬁ?@l%%
1 wl,cDNA 2 pl,RNase-free /K 6 pl, % 5|¥3¥H i
JLESE L N A B L SIS WA 1, L B-actin Dy N
Z, 95 CHAEPE 3 min;95 C AR 35,60 C
Bk 20 s, 340 MEHR . AR FOLE B PCR AU HERY
FERE Ct A A B 282 27 45 51 H i 3 B 14 0 2834 7K
o SEERE R 3 U, BCERIE

x1 BWERSIWFT

H A 519 1751 PR/ (bp)
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R:5"-GGGACACTGAGGAAAGGAGT-3’

RPE65 F:5’-TTGGATCTGAGCCATTTTACCAC-3’ 236
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1 :RPE : 0 o 2 K | f7

1.3 Gtk
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Shapiro-Wilk ;55 5 IE A 404 , 806 LA w+s KR . 411H
YIEZ: Levene K5 56 UE 55 J7 25 57 o >R FH 34 i 0 41 . A
FTWZ KL & T, 755 40 AR R e a) g5 40 A rp
RPE 41 i f5 5 PE AR A ) mRNA A X 3% 55 7K F 19 S 1k
Fb A SR FH LR 2 22 43 B, G EL 4R A Dunnet ¢ £
5. P<0.05 h&ERAGI ¥,

2 FR

2.1 hESCs & hES-RPE 40 Jifl /)75 2545 55

{55 A0 22 W OBE AT D A 5% 2 A M A% 1 R B R
(1) hESCs 4 5 B A AR K, 20 0 o B 300 2% 36 Wb, 22 0 )
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hESCs Hy #LI B JE 28 8 A5 S 2 M T8, A% T LG T T [
Vit SN B RS N I WA PR G S ]
KL 5 005 14 K, 20 o St 4 B A0 AR SO0, 200 i P ]
WA RIRL, 15501055 60 K, 41 M A 4 2 il Ik
A UMK/ — 4R R AN & K B R
B, S SR RN S8 (B 1) .

A (B

1 NEEEHEFF A hESCs 5iF
24> {4t &9 hES-RPE 40 1 6 &
(x400) A: KAL) hESCs 5
AN, 40 i HE B, A i A
B K, AW s B AL
14 K (f £ £ % 41 i ¢ hESCs {&
@ AR S0 K A0 A% R L ] R
[% , 40 f PN A7 A 5 2 8 R B0k
CBEFR55 60 KA A M 22 B0 S 1 T, 40 e P 35 A K i 0 36 ks

2.2 hESCs 1 RPE 4fi i v 45 5 P 2 1 9 3R 5K

B G Y 0 K T 45 S W R, hESCs 4 g 4% N ]
UL iPSC R R M % 5 7 OCT-4 1 SOX2 1 BH 1 ik
AT, A DAPT FRid o i (5% . hESCs
K320 d B 404615 2 19 ESCs Y% RPE 41 Jifd 1) 40 fifd 5
FA0 A% T WL RPE 20 bR 754 M (19 BH 4 63k, 2
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LY, MM DAPLARIC M EE 2t KiFR35 d
B 240 i S5 A AT UL RPE 4 Jifd AR 75 1 35 B RPE6S 14 B 1k
Rk, BLAGTOL, M DAPL Ric, & i G5O
(E2),

hESCs hES-RPE

0OCT-4

(A) (B
SOX2

® (D)
Mitf

() 0
RPE65

® @

B 2 hESCs % hES-RPE 45 R 14T AR FRIE(x200) s
ey a5 1E B 98 W AMUBE T WL EE T L K 35 19 hESCs 41 i 4% P iPSC
PR OCT4 33k FH M (A), T hES-RPE 41 Jfi #% N A & ik 0CT4
(B) ;553519 hESCs 4 i i 4 iPSC A4 SOX2 RFE AT (C)
hES-RPE 4 s #% P R % ik SOX2 (D) ; hESCs 41 Ji % K 41 ffy 5t o1 A %
ik Mitf(E) ,{H hES-RPE i Jifg Jit b 40 Mg % N 44 26 3% Mitf (F) ; hESCs
A 5 P 5 I RPE65 3234 (G) |, Tfii hES-RPE £ Jiid J& P W] 3 35 RPE65
(H) hESCs: AEJGF 400 ; hEC-RPE ; AW i —F 41 V5 14 400 ) s 2,
E %]

2.3 Y44kt TR RPE 40 A7 &4 mRNA [ A1 %t

&[] 5 40 g o Mitf mRNA 1 RPE65 mRNA 32
KRR LG 8 22 A e o B L (Mif mRNA
F=9.39,P=0.01; RPE65 mRNA: F =188.70,P<0.01) , 5
ROTACANRL A, oAb G SR 5 T KRGS 14 K40 ML N
RPE 4 it 7 5 7 %5 19 Mitf mRNA 2 RPE65 mRNA %
KRR ER S, EFHAGIEE L (Y P<0.05)
(£2),

®2 HREFSSLAREES RPE @R E
5 M mRNA 833 R IEE LR (x2s)

i ] BEA A Mitf mRNA RPE65 mRNA
K3k 3 1. 00+0. 00 1. 00=0. 00
ik #: Ty MIPN 3 3.43+2.77° 14. 60+3. 94*
LR 14 R 3 8.91+2. 83" 87.16+9. 32°
F 9.39 188. 70

P 0.01 <0.01

TSRS E A, P<0.05 (B8 3 5 22 43 #7, Dunnett ¢ 6 36
RPE . ][5 (5, % = Jz

3 it

ESCs HA JCBR 4 4% 1 2 1] 43 4k v B 09 R 05, A
1981 4E 4 43 88 K555 Al Lok, BIgIA N B — R B AR
] 390 2 40 B 4T ) R R A R R A R A . A
o, 3 [ T B B hES-RPE 41 i # R — 309 I R 1R 56 o I
W4k R FK W] hES-RPE 4l il B B A2 5 17 50% LA Ik
AR I S, B hES-RPE 41 I K 7
FH 328 7 1 22, i R 3 A5 AR AR TR 9T AR Ly
30 V) T R )

A, % A5 5 ESCs 1] RPE 41 jifd 43 1k 1) J7 %
FEA A E SR =R RS S 2 B, A A5
b2 e L RGE (% RPE 40 i35 5 43 4k U7 35, % ESCs 85
Fr BRI A J5 B B R WO O A & bEGE B 3% 3k, il
T4y ESCs [ & 434k R RPE 4 (H i 3 7 1 15
SRS 8 ~ 12 Ji ,RCRALH 1% 2247 MELL 2 H
WK G B IE R R 5K o T, Pennington 41
{38 T hESCs 7] LL7E Synthemax I1-SC 5 R # bFGF 1%
FE WA LI xeno-free }5 321K & i A K 43164 RPE 4
ffd, A A5 3 (1 hES-RPE 21 A F Al 76 2 S AR % = H O
(parylene-C) i I J5 {7 o] PR 4550 € T BE 5 SR I 76 % B 57
TR Z (0 40 29 76 43 4k 30 d I IF 4 B, f6 2K 40
Jf 3 B A 4 e B i 29 115 d, 7 B K I 5 57 A
Wlo b TSR S S AR B AR A
1T RPE 20}l /) 1R N & & S 853647 RPE 20 il 15 5 4
. MR & & 10, BMP i s )¢ 28 8 Wnt/-catenin
3 5% 1) A0 A X A R B e AR . Noggin il
DKK-1 |] 43 51 FH Wr 43 1k 41 j2 i) BMP & Wnt/-catenin,,
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RPE 408 73 fb 1 &k 33 b oAk s g

J& v Tk Ji T 3 3 4 o 2 B W R 2 R
WD T S R R R 4 O T, B o B R i ESCs
i) RPE 4 4 LR 7R A o TGF-1 3 5k s 40 i oy
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DKK-1 . J& w2 ik Jiie 1 IGF-1 BH ¥t Wnt, Nodal . BMP 43
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