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Rl 5 oS , R BRI T 2, e m e FRea% . SSEA4 RS Rk FRAHY,
ZJa s 2 SR R I 4R TR

[RIR | —4EXE57 MR s o-kit; SSEA 4 IR fit T4 iy

[HEESZES] R322.91;R329-33;R329.2 [ XEKHRER] A

Spatiotemporal expression profiles of c-kit and SSEA-4 in optic cup-like tissues

derived from human embryonic stem cells by three-dimensional culture
Fu Caiyun', Zeng Yuxiao’, Li Qiyou’, Gao Lixiong’, Zou Ting’, Huang Houbin', Yin Zhengqgin"’ (' Department of
Ophthalmology, Chinese PLA General Hospital, Medical School of Chinese PLA, Beijing, 100853; *Center of
Ophthalmology, Southwest Hospital, Third Military Medical University, Chongqing, 400038, China)

[ Abstract | Objective To investigate the spatiotemporal expression profiles of c-kit and stage-specific
embryonic antigen4 (SSEA-4) in optic cup (OC)-like tissues self-organized from human embryonic stem
cells (hESCs) by three-dimensional culture. Methods The expression of c-kit and SSEA-4 in optic vesicle-
like or optic cup-like tissues derived from the hESCs were identified by flow cytometry and immunofluorescence
assay on the 7th, 14th, 21st, 30th, 49th, 70th, and 90th days. Results On the 14th day, Rax-positive
optic vesicle (OV)-like structures were observed, and OC-like structures with Pax6-positive inner layer and
Mitf-positive outer layer were observed on the 30th day. Furthermore, a few cells expressing Crx were found
on the 90th day. C-kit was mostly expressed in the OV-like and OC-like neuroretina. The percentage of cells
with c-kit expression was increased (P <0.01), and then reached the peak of 40% in 14 d, and then
decreased gradually (P <0.01). However, the amount of cells positive to SSEA-4 was decreased homogeneously
in the whole tissue at early stage, and continued to decline to a low level till the 90th day. Conclusion In
the OV-like or OC-like tissues derived from hESCs, c-kit is activated in the neuroretina, and its expression
level shows a descending trend after the first rise. However, SSEA-4 is highly expressed in the whole tissue at

early stage and then gradually decreased to maintain at a low level, and its expression is restricted to the
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peripheral region.
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KA L £6, 25 AR 4 (retinitis pigmentosa, RP) T
A B BE 7S P (age-related macular degeneration,
AMD) | Stargardt” s 5 55 1L [ I AS PR P05 R K 2
TR0 IO R4 L, G R 4 A L PR P B 7 2K 1 2 (retinal
pigment epithelial, RPE) i jfi 55, 5| & HAZ VBT,
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c-kit J& JR I IE R gt iy 1 AU S ROE B 1 324K, W)
IHFRAE CD117 %48 1 EAT s 2 R e , T 14
J T R T (stem cell factor, SCF) . c-kit F:[K Fik
77 Ko SCF 2 N2 Z2 Tl 2H 24 if A K R & 1 229
FEHZE . BOIEM, c-kit/SCF {5 51 B4 75 1 120 .
) N N DR O RE R N D N A
EF AT . SN SCHR[4 -5 1R B B R IR Y
c-kit + AL EA HIRTF, 5P U £ 50 fL T BE
TERTEAE I 2% B R ko

SSEA BN ESEAFAE T ESCs K PN 41 g B 40 il 3
T, AR AL A ML SR AR AR . 7R N2 A4S
SSEA-3 SSEA-4 ,{H SSEA-3 74 &1 1 % 5401 B B B i
B2, SSEA4 U ek K it i 1o

Sasai 2517 ~*V 75 & S AH 4 F ] mESC  hESCs = 4k
R FIE L T/ N SN IEH & H B AL (optic
vesicle,OV) WAL (optic cup, OC) 2544, NIR AT
SMRFRSRRIEIT AR AL T A A A8 AY . Hy T hESCs
HA WSR2 AL RE , hESCs SR — 4 55 F 41
SN R & 45 W2 A0 M, BN Rk = 3G 5= 4 4155
AR BE IRAFAE 2 5, DRI AT 3 k7 =X 200 L A o G
H1SSEA4" 1R A S AL A L LA > HE R RS
Koso' " st /N LA I R T c-kit SSEA-1 i 25
AR BA A SE M & B e-kit (SSEA4 (1) 5R
INFER S AE RO BIFSR i /0 DLARGE , A9 i ) = A b
FEARFIBrBeZH L c-kit (SSEA4 B JF 1 T e 90 4
8 K AR RRASCRS I, DA T B A HE psf 23 A28 AL R, [l s
SR RG240 325 s ) Y 6 455 2 B LA

1 S

1.1 Wiz
hESCs Bl H1 4l it 22 Ay PIs Fi 5 2 o v B8 2 P2 AL
KO IR Z M BE B SRR 2R

1.2 33/ A R %X

HI 2 22 7 3% 7735 8 mTeSR (Stem Cell) ; =4
RSB35 : G-MEM JEAli% 35 35 (Gibeo) +20%
1M (KSR, Gibco) +0. 1 mmol/L JE T LR
(Sigma) +1 mmol/L PR EE (Sigma) +0. 1 mmol/L
2-i 3 Z W (Sigma) ; = 4k 55 95 K W15 55 %L D/F12-
glutamax 35354 (Gibeo) +10% 4= 1017% (FBS, Gibco ) +
1% N2(Gibco) +0.5 wmol/L #L 35 i ( Sigma) + 1% 7
#5552 (PS, HyClone)

Al 32 B ) - 27632, Acctuase, CS10, IWR-1
c-kit LRI [ Sigma 2\ F], HI 4 i fir 75 £ Al D/F12
g H Gibco 2\ #], H1 {3 g Matrigel, growth-factor-
reducedMatrigel  Jiii 2, SSEA4 #i &0 H BD 4\ #],
TrypLE Express I H Invitrogen 2\ ], Dnase [ Il H stem
cell A5],CHIR99021 g H R&D 22 &), SAG 1 3 Enzo
Life Sciences 2] ; SSEA-4  Pax6  Mitf . Rax , Crx HT{4 1
H Abcam 23], it APC Mouse IgG1 [A] X BB {4% |
APC $it A\ c-kit FL{& W H Biolegend /],

1.3 Fik

1.3. 1 HI 40 & 59 55 3% (R AE =N
Matrigel J D/F12 1: 100 % B&, T 37 CIERi L akfLAR
/130 min, 55 0 KEFFRILPIRIN 10 pmol/L Y27632,
SRIGHE T 37 °C 5% CO, 4 M 3G F- 46, B R, 1%
WY 80% W AT HATAEAR RAF =45 0k 15
AR IETERS Acctuase 37 CEAEZ) 3 min,200 x .20 C &
03 min, 7F FIEEE, LI(4.2 ~5.2) x10Y/em® B0, %
TRZEZ J (5 ~8) x10°/(500 pL CS10 + 10 wmol/L
Y27632)

1.3.2 =#RFETE PR K 37 3, DMEM/F12
THGHVE 2 3, B8 Tryple Express.0. 05 mg/mL DNase 1.
10 wmol/L Y-27632,37 CiHfk 3 min, 1 mL fikE#s54
BRRAT e AR, (o DA FLAR PG 158 7 O B B 4 IR
A 1S mL B0 A 3 mL bR 98 R 11k
200 x g.20 CELr 3 min, 5 FIF, A 3 mL 534k 3557
FEBEANME AL 1.5 x 107100 WL FF V
JEE 96 fL A ( Sumitomo Bakelite ) , [A] B %% fill 20 wmol/L
Y-27632 5K f5 8T 37 °C 5% CO, 4 5246 1, HAth B
PSR4 2: I Nakano 451 % R SE STk
1.3.3  REEIOLEE = 4 35 A [ B[] 7 2
21, H PBS s IV 2 i 4% 2 B4 C 5 24 h,
WRIR G At WK 2 ] It A3, SR o R W 00 v
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MR B2 5 pm, ZHIZEBEES 15 min x 2 3K, RS R
FEAKAE A5 10 min, #75E IR ER VS W PR A& &2, PBS 53k
5 min x3 ¥X ; pax6 .mitf Rax 25 I N FEPLRL 0. 25%
Triton E & %1% 10 min, PBS % 5 min x3 ¥K,5% 11
M 37 CE A 0.5 h, c-kit, SSEA4 il f R KT
JRICHT 2% A E A R E I —31 4 C it ;37 C
SR 1 h,PBS JEBE S min x 3 3K, A R hRIC =
1,37 CHFE 1 h,PBS Y%k 5 min x 3 YK ; DAPT 4L fifg
%, PBS {1 5 min x 3 I S LA B 26T KK
AT RO IR I
1.3.4 s a p SR YRR L PBS Uk
2 3, WS HN Acctuase Ji5 5% 7% %8 B 0L, i 35 2 6 B T
1 mLZs B0 R 28 /N, 2 J5 6% 28 37 Ak,
5 min FT 1 ¥R, KA 2 20305 1b il 5 ai fig Js L 55 &
PBS 2 11 iH 46,40 pm 4 i 5 () ( BD ) 2o € J5 40 i it
0,1 100 r/min B.0> 4 min, 5 _E )5 PBS & 401
W 1 x 107100 plL, 343 o 25 [ R R G R
7-AAD ,c-kit ,SSEA4 J¢ £ A 2H (c-kit, SSEA-4 $7 4 XL
). 4 CHERE 30 min, & 5 min Zy% 1 IR, ZJ5 PBS
YR 2 #8,1 100 r/min B0 4 min, 7 155 PBS &
i L 22 500 WL, 3t X A0 B AR I e-kit T SSEA4 T K
c-kit " /SSEA-4 " & LA AR EE 3 K.
1.4 %itzFix

BOHi 2 SPSS 13, 0 HCPE AR, R one way
ANOVA Fr#f 5 kb A vl , 25 58 UL x £ 5 oo o
2 #R
2.1 Hl Rk = 43z R MBI A F IR

HI 4R 3Z Y-27632 sZmss 1 Rk R KRIE,
EBRJE MRS 2RV 5 4 ~ 5 RAHSRERIE B
rEh A (B 1A B) o =4EdER5 1 Ka] WAyt T

N AP

JREHR A5 40 i 45 5 A 1, EL TR 0 mT L /b A i
(K1C) o 25 6 ~ 11 K] WLAH M2 B e s/ B0 2
AU PR A (embryoidbodies, EBs) (& 1D) , t13]
o EBs ], 5512 ~ 18 K%y 50% 1) EB ] JE 4 'a v
Bomde OV LM, XAhn il = el JR it A OV 1
(K 1E.F), 4kZe153R 25 19 ~24 K, 25 20% OV 1]
R A SMU RPE L B2 ATl NR L Bz 2 i SUZ AR M
ARGEHG ARG IE % & g A g OC (& 16 H) o
2.2 =R SR

—HEREIRA 14 KAl WORH 4L S B Rax ™ (19 OV
ARG, 275 hESCs B 5E 1) 70 AL W HR AT AR 4 . 250
30 RMJEREA MR Pax6™ A1)Z Mitf ™ 14 4L XUZ A1
WREH R A 3L BAT N NR JZ 251 RPE
JERIZE OC ARG . 255 90 K, I WLk Crx ™ 4H1iE, 42
/N OC Al — 2B IBOCRT IR . DL 2,

50 wm
[———=

A~C: =435 7% 30 £ OC Mitf Pax6 R/ £ &, B & &

OC H4M;D E: Z 435 %% 14 30 & OV Rax 3tk &,

EE T OV HLH;F: Z 43554 90 X OC Crx AR F &
B2 Z#HEFALEERELLEEER

A:Hl mpa RGP | REBEMKA K JORKKRY;B.Hl @ies 4 REZEEHAERK, FHoMALEEMS;C.D.EG: 23 A=
Y3 REMmE A EB.OV.OC;F . H: 4 %% E.GC @4EF+ OV.0C B3k A%
1 FEBHENEH @R = HIZFAATRMHEITK
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B4 Z#4EFALLRIE c-kit, SSEA4 AR FRARLANER

2.3 = 43R c-kit SSEA4 BY 5 A 4
G B R R = JER R T ~ 90 K,
c-kit " RIGAL T RALAKCE  HA L Z T, 5 14,21 R
c-kit* RANE . 5 c-kit A[A], SSEA-4 " 4 g L 451 1)
TR T ~49 RiZW T, 2 J5 — B4R FRAK
P25 [B] 50 A0 T 1T, 25 B 8] 0 e-kie ™ 40 e ¥ R ZAFAE T
NR |7 JZ, SSEA-4 W R I3 5) ik TR H L Il 75
SO AT [A] E A b i) X3k ek ek b, Je 4
FAEP TN HL . WH 3,
2.4 = YRR R A X AU 4 R
SHEREFEAE 0 ~ 90 K, I A LSRN 45 AR B
c-kit " F RS 5 TR HE 0 RE A 10% , 2 )5
B LTS 14 Kk @ fl 40% , K555 0.7 X
L, ZREA GRS (P <0.01), J5 XFFE T
FE 255 49 KIW 1% , 3 255 90 K — H 4E+F T K
FL 5 14 KA 40% ML G it %225 8% (P <
0.01) ,{H%E 49.70.90 KX c-kit " H2EF G125 L.
c-kit " /SSEA4 " HEI 5 c-kit " RB—FpyiaH, B
14 Rk S IE(HZ) 35% , 555 0 KA RA G225
(P<0.01), 25549 K NERNA 1% It —HAgEFFRE

90 K, R FE2 49.70.90 R Z R L HITFE X, H
SSEA4* Z A 0 K1 90% — B FREZ 4 49 K11
1% F-HEFF 25 90 K, 55 0.7 .14 K SSEA4 " R I AH
Fb2e R BA Gt (P <0.01) 5 14,21 30,4970,
90 K SSEA4 " KM AH L TG i T2r 2557 (K1 4.5)

100

§ —o— c-kit*
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25| I
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£ 204/
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0
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AL I (d)

B5 =#iEFALAEZEES c-kit™ SSEA4™ c-kit™/
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RS2 534, FF I LA A0, FEAA RS AR S R B 48



3T EE 12
1182 2015 4E 6 J1 30 H

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

Vol. 37, No. 12
Jun. 30 2015

FSEPE ., Das 250 R B c-kit 155 5 Ak 4% IR IR A4
| J% (ciliary epithelium, CE ) 3¢ I ## 28 T 20 ifd ( neural
stem cell, NSC) (358 4 b 254 5. Koso 210N
c-kit (SSEA-1 1] E S /)N BRI s #EL 400 i 11%) A 56 b 25
Yy, 3 HUESE c-kit /MR IR & B VIMHE, HA
P K T TR DG HE A A I S VR FH B 9% i
WARIE , =4ER5 3% hESCs P8 OV ££,OC FELH 4] 14
HMEALIN I HR A B A I B8 e 7 o A, AS 5 o P 5
AL c-kit (SSEA-4 (1) I 25 R IR FEVE, (8] 42 ) ik A
FA K B T B AR DAL, I T3 A 18 1 AL
FEEHE 240 B P LB A0 A0

SRAIR TR, SR FRE R, 29 50% EBs
A OV 1 Bt F AL A 14K, Rax + OV AR 2544 7]
BRI W TR U2 AR AR S5 44, B2 A Mt + 1 il
RPE JZ J Pax6 + Nll NR JZA9 OC AR5, X sey 55
Nakano"*! 43 HEA—%(

TN e-kit FEFRIEF OV IR, OC R4 LRy
NR FES5 R, AETHE G RS e 14 Kk s
WE{H 40% ;SSEA-4 R = ik TRANHL, ]R8 T
WA K2+ TR B, 3% 15 Koso! ' 4% A —
2, EIMRIGES 14 K (E14) 2= HEJE55 13 K (P13),
/NERPR RS e-kit 78 P13k =y 06, SSEA-1 T = 23R 5K
TFAS B A0 P AL 240 B 5 28 T B, (EAR SE B v
B[] SRR UM R ookt ™ R T R I 4
I SRR AT BE A - (1) F i 28 % bk 5 i o ik
FARURNE], I =38 25 A — 22 575 (2) 29 EB
A RIS 40 5k Y] |, HILR OV 3% OC FEE5H 73 A A
5], GRS G 0, 285 JRA R AR A AE — 2 I A7
Rz, R, (H & c-kit Rk A —2L,
R Rl S o0 AR R E K # R e T Ja T Rk 3

ARG =R 57 OV H] EBs 58 3Rk Rax Hiik, $2
NHEJF SR AR E B, AEMERENET
o, e-kit f7 5 X0 RS I A A0 Bf B A R R L B A L 4y
AR B T E A" Das™ WG HE kit 5 5@ T
S0 Notchl {553 B 9 35 , 7E N CE-NSC fy 434k
KAEERH . ARG R BRTES T4 14 K c-kit
ik, $27R EBs [n] OV FEH LU0 A B B A Bl c-kit
S BOE 3k SR L BARHLSI Re ik — 5

[R] B, B = 4355 5 o3 AL i [R] 48 K, KCER 4 hESCs
] OV A f OC FEAL 215 m] 434k, A 531k 240 i 228 ¥ 0
/b R SSEA4 ik R WA, 5 2 1 SCHk([ 10 ] 4%
B3, XL ULH] hESCs MR = 4k 15 77 21 21 F 1
KB di s TR LB B, R fE 2 Ak 2 I FAEH
T A OV ¥ OC L5 E M b K E -

AT R I c-kit* /SSEA-4 ™ 4l L] 5 c-kit* 2%
AR —5, B2 14 RAFIKIE(E 2 35% , 2 i —H

TRE. (HILRE T = 4ERE SR LU AL T OV I, B2k
IR B PAI  X 400 I 25 K 5 , OC 391 2
PO JECAEL 200 Jfd 2 B 34 5 R AL A0 1 200 DR DL, 55 I OC
FEA LUK o-kit " /SSEA-4 ™ 41 g ] Gk & 4 S A
AR, TEHR R SEE 5 = R R 2046 O JEOE RPE e pf
S0 0 A 22 L T S A L, 5 SR B R S
P FTEUESE
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