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[ Abstract]
complement factor H (CFH) in spontaneously produced or induced human embryonic stem cell-derived retinal pigment
epithelium (hESC-RPE). Methods RPE cells were acquired by spontaneous differentiation from hESC (sdRPE), a source

Objective To study the expression and secretion of alternative complement pathway regulator

of hESC-RPE, according to the method used in clinical trials. RPE cells were also acquired under the induction of growth
factors and small molecules for 14 d (iRPE). Acquired cells were kept culturing for 3 month for maturation. All
differentiated cells(P3)were cultivated for 4-5 weeks prior to characterization with qQRT-PCR and immunofluorescence.
Secretion levels of CFH were investigated by ELISA. ARPE-19 cell line was served as control. Results Both sdRPE and
iRPE showed high similarity in cell morphology and the pattern of specific gene expression with human RPE. The relative
CFH mRNA expression levels of both sdRPE and iRPE were significantly higher than that of ARPE-19 (P<0.05). The CFH
secretion levels of sdRPE in the 24 h-, 48 h- and 72 h-culture medium were higher than those of iRPE (P=0.000 2);
and this CFH secretion levels of both sdRPE and iRPE were higher than that of the ARPE-19 cell line (P<0.000 1).
Conclusion Both sdRPE and iRPE derived by different differentiation methods expressed and secreted CFH, suggesting
that hESC-RPE may have certain ability to regulate the alternative complement pathway.
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CFHIYZRIEFS3IE O, X4 A B T 1 fi#hESC-RPE H £
B S BEJRPE R, 4R CPH M AMA 2R 4i fERESC-RPEFS
FIRYT AMD H T AEAE I 2908 Jehit . BIFSR 45 A B4R
FhESC-RPEFSAHIAYT AMD Il RS2

1 #RFTE

L1 et

LL1 @fe  WA09(H9) ARG 4 & (G EWiCell 2
F]); ARPE-1941Jifg 2 (SC[E ATCCHA LI )

112 E£&iXA  mTeSRUEIFIE(FIE K StemCell) ; FE
JF it (Matrigel, 3% E Corning) ; KnockOut DMEM Efifi %
723 | KnockOut Serum Replacement, DMEM/F12, N2,
B27. JE A IR (NEAA), GlutaMAX., 2-5idk £ B |
TrypLE Select(3EE Gibco); TRIzolik il . BHEHZHEH
1(ZO-1)H4i(1 : 100) . Alexa Fluor 488454 —Hi(1 :

2 000). Alexa Fluor 647454 41 (1 : 500, %
Invitrogen); Sk & [ (noggin) . DickkopfHH 3¢ & I
1(DKK1) , 5 RHEARK T 1(IGF1) | BT 4E 40 il
H: K HF (bEGF). 15 Z A(activin A) (32 [E PeproTech);
JHPE R (nicotinamide) . T 2 20 i A= K R A2 AR 14 1
711 (SU5402, & [ElMedChemExpress ) ; H 5 B A 341 ]
#I(CHIR99021, 3 [E TargetMol) ; 1 %4 s iRk 7 & (H A&
TaKaRa); qPCRIA | & (3 [E Promega) ; CFH FIX G 78 1
Bt (ELISA) &5 & (Hh [E Solarbio); CFHELYL, i B H A
FEH(PMELL7) 547 (1 : 100, 35 F Santa Cruz); /\ R IKLh
BT 4(0CT4) By S0 8 B 53 40 K A Tl
(RPE65) it . LSS & 811 (CRALBP) HLyL(1 : 100,
F[E Abcam); B Xt &K F6(PAX6) HLdfi(1 = 100, H[H
DSHB); PEPE X YHER 112(SOX2) Z4i(1 ¢ 100, 3¢
Sigma-Aldrich)

1.2 7k

1.2.1 hESCH# % #FI32 & hESCH HEI Z M 1Y
WAOI ARG T AR R, 16 5E B I 9l i JC 6 57 2
mTeSRI ARG HFRE P YRR, A R ELI80% G5,
20 B e SO S E T AL 22 REE (B i R T B s IR
OCT4HMISOX2)

1.2.2 hESCH A4t ARPE hESCHEA K e 4hl A
Jii, TN S8 375 KnockOut DMEMBERERG F73E, 1A
T4 #520% KnockOut Serum Replacement, 1% NEAA, 1%
GlutaMAX, 55 pmol/L 2-FidE LB, 37 C . R4k
5% CO, I AIR AR 157, 433 ~ 4 Al 294 ~ 6)H
Je, AR AT DL 35 L B 0 5 M R €0 3R Ak
LA dkSEd R 22 R A A P BARRE JGE A AN Tk
(29552008 ), 72 AR T FJC R 0 3o T AR 4R 1A 2. 1%

B N T3 B 0 25 A A M AT, I LD T 5 T B i S
PR R IR L 4k 2 55 5%, B 984 ~ 58 /5 H TrypLE
SelectH AL A0 L 1% A #5340, U340 A & 43 fERPEAH
i (spontaneously differentiated RPE, sdRPE ) #1735
1.2.3 hESCi#HF 4 AHRPE  AWFFER A MM A
AR FEA /N 25914 di o fbor 21000
hESCA: K 2 80%l A I, 10 LWk &I C 41k 4n e, 78
P 2o b FER R F7 3 (DMEM/F12, (KB 2% B27, 14
BUMEI01% N2, F501% NEAA, TRBLM401% GlutaMAX)
o R H R I A KRN 28 (1), %57
fk14 dJ5, HTrypLE Selecti Th 4 I 1% 4 28 L ot i (0 1%
RORE I M 4R 2285 5%, R4~ 6 AL B3, B3 RIE
S A i (. Z L RPEAIIE (induced differentiated RPE,
iRPE) #1752 50
x1 FEHSUFE

Table 1 Induced differentiation regimen

Growth factors and small molecules Schedule/d

(final concentration)

0-1 2-3 45 6-7 8-14

Noggin/(ng/mL) 50 10

DKK-1/(ng/mL) 10 10 10
IGF1/(ng/mL) 10 10 10
bFGF/(ng/mL) 5

Activin A/(ng/mL) 100 100 100
SU5402/(umol/L) 10 10
Nicotinamide/(mmol/L) 10 10
CHIR99021/(umol/L) 3

[13-15

Designed according to reference ). DKK-1: Dickkopf-related protein-
1; IGF1: Insulin-like growth factor-1; bFGF: Fibroblast growth factor-basic;
SU5402: Fibroblast growth factor receptor-specific tyrosine kinase inhibitor;
CHIR99021: Glycogen synthase kinase 3 inhibitor

1.2.4 S8 %X AE FPCR (RT-qPCR) &M RPEAF 4
A CFHA Rt & A B 3{CsdRPEFIIRPE, 5535 245
4~5JE )5, 43 R FHTRIzolia 71 42 BUZH L B RN A, F
RT-qPCRE; M RPEFFE 5+ JE K. RPE65, CRALBP,
BEST1. PEDF, MITF, PMEL17HYZKIE M. 100k A
RT-qPCR: 50 4% R & Ul B 15 2R AT, RS Mg |9
JPH W42, RT-qPCRY 3G S 454 FAEP£95 °C. 2 min;
P95 °C 15 s, FEAH 60 °C 1 min, 401MEFF; 60 ~ 95°C %4
il e £, THELE S5 °Crso LA3-B FRH- i i 0l
(GAPDH ) A NS LA, il 2~ **Y5 1T mRNA [ A XF
Fikit,

1.2.5 a0 9% 5% A MRPER FARie &G £k W2k
YR SR, PBSYEIR3IR, 40 g/L2 3R I 15 7 = L 11
SEAMI10 min, ZE F 1 mL/L Triton X- 10035 B0 175 41 iy
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Table2 qRT-PCR primer sequences

Primer Sequence (5’ to 3') lfrfggscbtp

RPE65 F: CACCTGTTTGATGGGCAAGC 82
R: TGCGGATGAACCTTCTGTGG

CRALBP F: CAAGGGCTTTACCATGCAGC 194
R: GGACAAAGACCCTCTCAAGCA

BEST1 F: ACCAGAAACCAGGACTGTTGAC 250
R: AATTTAGGGCAACACCCCCTC

PEDF F: GAGATGAAGCTGCAATCCTTG 114
R: CCCATCCTCGTTCCACTCAA

MITF F: CCCAGTTCATGCAACAGAGAG 79
R: GCAGAGGGAAGGGTGGTG

PMEL17 F: GTTGATGGCTGTGGTCCTTG 96
R: CAGTGACTGCTGCTATGTGG

CFH F: GGCTTGTGGCTTGTGGTTG 22
R: AGTTCATTGCAATCTTCTGCTACAC

GAPDH F: TGAGAACGGGAAGCTTGTCA 152

R: GCAAATGAGCCCCAGCCTTC

RPE65: Retinoid isomerohydrolase RPE65; CRALBP: Retinaldehyde
binding protein 1; BEST1: Bestrophin 1; PEDF: Serpin family F member 1;
MITF: Melanocyte inducing transcription factor; PMEL17: Premelanosome
protein; CFH: Complement factor H; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase

Y
. N
Spontaneous : ‘ ’ ‘ ]
differentiation v
C Wk i
Changed to -
differentiation Pigmented foci
medium appeared

/ +(4-6) weeks /

+20 weeks

15 min, 100 mL/LF IfiL 7% %5 ¥ % I3 14130 min, —$i4 C
MG A, Pt REEEF R L h, DAPIE
Hoechst 333424 {4 % kL HE G B 5 mindd Y4, T
TPTECR K S 7, 96 UG (Zeiss) AR LS.
1.2.6 ELISARM &M ARA ¥ CFHRA HEHET
96 LM H1 19 sdRPEFIIRPEA L, 43571 1100 pLa 55 5 4> it
Wi, ket FR24 h, 48 h, 72 him, Zh AR 4 1 1 3 0
ELHWEPE T, 4 C F200xgE 010 min, B_E 1 258
EPHE h, #i BRELIS AT 7] & 150 BH 5 X Z% 0 B 3 B v 1%
CFHRFEHEATHEIN . X BB 2 Ry 355 974~ 58 J5 i ARPE-19
AN, [FIAE 7 R AR 3724 h, 48 hF172 hJF M 5004 3%
FE. BHERT B AR RS 00047 B9 IE F AL, 25 F %R
R R

127 %t F 7k LRELEIRK, BIOFEAREZRD
3RS, BRFR AT+ s, 2B E R SR )T 22
A3, PRALBARIR] LR ¢ K36, P< 0.05 0 25 A Gt t

2 HR

2.1 hESC-RPEHI& L

WA09 hESCEL KT 5= 2565 ~ 6918, ekt Fal Il
2 A5 5 MY Y HE B SR 0% L BUIE I A SR TR REAE K
(EI1A) . 4G REDEE W 7n WA09 hESCIE # ik IRfG T
L REMERR E P OCTARISOX2(K1B) . HA ZREVERY

Isolation and

N +l4d N\

Growth factors and Purification
small molecules were
added sequentially

Induced
differentiation

+(4-6) weeks

! Expansion Characterization
enrichment and passaging
/ +10 weeks / +(4-6) weeks /
T
\ +(4-6) weeks \ +(4-6) weeks \
Passaging Passaging Characterization

1 hESCEETAESREME, FHNERLSUMF RS UT=4EhESC-RPE

Fig 1 Pluripotency identification of hESC and the protocol timeline for the generation of RPE from hESC using spontaneous and induced differentiation

methods

A: Typical hESC colonies, x100; B: hESC expressed stem cell pluripotency transcription factors OCT4 and SOX2, x200; C: Spontaneously differentiated RPE (sdRPE)

appear as distinct pigmented foci visible to the naked eye; D: Manually collected pigmented cell mass was adherently cultured, x100; E: Passage 3 day 30 sdRPE showed

classic highly pigmented polygonal morphology under phase contrast microscopy, x200; F: Typical cobblestone morphology was observed under a differential interference

contrast microscope, x200; G, H: Maturely differentiated Passage 3 iRPE was exhibiting a highly similar morphology to sdRPE, x200
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hESCH e /3 b 15 7R I Uk S 15 574 ~ 685, HBLHR o]
U R 21 5 WA 6 R AL AR L AT (IR11C) , &80 Je 8220 ~
30JE M R N T s malifh, Ry 34, ke 175
JFACRPEIE 257 FE ALl AU sdRPE, sdRPEE: Z 1K &% HiE
G, AR P B € F R, SR AR S (A
1D ~ 1F) . 15 A &SI ) W S (4 62,3 Ak 40 M A AN
] () S, iRPEA A 51355, RIHR 1T D 2 A4S 15 3% L2 345
FREIR YR, BB T 0] 40 M 45 55 sdRPEAH L
(F1G ~1H),
2.2 hESC-RPERJEE

RT-qPCRZ [ 7~ sdRPEFIRPEX) 3 1k A A RPE4H
MoAI S H (Y mRNA, HoH CRALBPAEIRPEH (A X #e ik
it H FsdRPE(P=0.007), J.4RRPE65. BEST1. PEDF,
MITF, PMEL177E WA AN [ 4346 75 XK U5 1 RPEZH M o
FREER TG EE L (F2A) o A1 E DO A
NRPEFF SRR S B R IA AL, 7] WAEsdRPEFMIIRPE

4r M sdRPE
* s iRPE

Relative mRNA expression

N3 &
@Q \ ‘()\)
¥ WM N

CRALBP

o, 5L RIEIMCEAE C Y RPE6SFICRALBP {2 ik
([¥12B ~ 2E), 540 (4 R AL A G R PMEL 178, 5 JE K 54
([F12F ~2G) o ZO-1731i 5 A0 22 A0 T WLEE 2 114 40 il
JEA—2(E2H ~ 21), $/RhESC-RPEZI i 2 [H] £ £ 1%,
TR TR, K UE R I -4 O SN B R A Y . TS
AR BR300 % B % V1A SE A PAX 6 I > 1 3k (& 2] ~
2K), $#7RsdRPEFIRPEH) € 43 fb BUAJT AT e & & 1A
4YRPERYTIRE
2.3 hESC-RPET[ & H#MAVH1E & B CFHI R IL K 53k
RT-qPCRZE 5 7R, sdRPEFIIRPEH CFH mRNA %
KR TR IR 4L ARPE-1941 /1 2 (P< 0.05) (KI3A) .
ELISAKN B, FE 24l 159724 h, 48 h, 72 h/g, 3ZH 40,
CFHM /3 [ 22 F A G248 L (P <0.000 1), Hrp
sdRPEFIiRPEZL 3/ i [H] £ 1Y CFH & # 3 i5 F Xf HE 4
(P<0.000 1), 1fijsdRPEFE 3/~ ] £ - th#8 & TiRPELL
(P=0.0002) ([¥I3B).

RPE65

2 hESC-RPEH)¥TE
Fig 2 Characterization of hESC-RPE

A: mRNA expressions of RPE specific markers in iRPE and sdRPE (*P=0.007, vs. sdRPE); B-K: Specific RPE markers detected by immunofluorescence, x400; B, D, F,

H, J: sdRPE; G, E, G, I, K: iRPE
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Fig 3 mRNA expression (A) and secretion of soluble complement regulatory protein CFH (B)

*P<0.05, vs. ARPE-19 group; A P<0.05, vs. iRPE group
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H i, 7E ] HHhESC-RPEFS 1A Y7 AMD iy Ilfi R 1 55
sl EBURSR FHsdRPE, BN A & AT K i N T
AN, (HZ 7 EAERT K, BN hESCANIE R 431k
URPERYWE Sy AT 22 53, 77 RIFAREY, X S A
I7 LT B E R RPEAN I ™ BAFE T I . 15T
hESCIA]RPESE 7] 534k, A B PR | B2 1K H Y 31 RPE
A AMTFER RS0 R A K RN T
G B AN, O FREBOE R RN &K F ot
P2, 38 Ao B A] R TR0 A K T2 #FhESC IR RPE 4y
AR, 77 A A RPEZE M AT LA 430 AH DG 9 4 i IR -, BAT 7
WG JE 7% 1) IR AZ AR AN AT I D RED . FATTX sdRPEA
iRPE¥ AT T . AR R A ST R, DT

A5G B S BVMERIhESC-RPEA T 174, AU A Kk
G377 Z I I TR) (35~40)8]) iy —2F A, HLIA] 4R
A N A e — g I 1) A AR, TUPAE ] — B[] B ARAS A]
FF IR SL 5256 A 20 M, /b T HER N AT RERY 25 5. T A
KA TS, BALAIML LR AR —, [R]—HE R % 4
FTPEAS [ (1 Bsf [0 852 23 AR G, e S 15 20 38 2 A s oA
AT SRS, ARM AR P R RCR B, [R] -t m] BE 3
HER N B2

1EH W RPERILCFHIT 25 45 Jmy Al A AR A3 %
HPEIE S, AHEGE AT T oAk 7 R TR AU hESC-
RPE, % #lsdRPEFIIRPEH1 43K 15 H 43 WACFH, $27RhESC-
RPEA] GEHA P42 A MAR A B5 1 RE 1, 30 IAMAR AR
BT B E A S B VR R . FRATT A B R
M, 24501k LAY hESC-RPE W #4 4 21| CFHAE K 28 48 Y
AMDEE LI T B 5, 1T LLor W CFH LA il J&y 3B b
PRI S O, DR ) B 52 S i A MARIEOS Y B, X mT
fi JEhESC-RPEFSATIAYT T AMDYETE [ FINLH, A 15 T ik
— AT RESCIR IO UE . [FIAF, iRPEFECFH M Wi [ 5

sdRPEIWZE 5, & 5 BAR IS F 0T 46 %, LA RGX
i 2% I8 4525 S8 sdRPEAIRPEZE I I #MABLIE B 1) 1
BRIANTR], AT 5 1 B AT 4T A ) A7 156 B T 2 4, Al i 0k
— 5.

CFHJZ B Z [ I PEAMATA R & 1, CFH S /i
TR A A AT i 4 2L T 1) 2 R BT B8 FAR it o7,
{511 QPO B RO | R R VAR IR ST 3 4545 5 i, CFHII R K
A7 Ak, RE TR SO4s £ C3b/C3bBb, M AMA S,
SRIAIESE & B, AMD B 9N B Bruch” s Hh A i T 25
WD, FECFHES & 0 s /1), X = AMDYR 28
r S IRRMA S B0 . Bruch sPE IR BSR4 Ji R 22—,
PRI T RS A RPEAN AL, J= 38 40 fit &1 I o PR 85 1 i 3, 7T
fiE i /EhESC-RPEB AR IR Y T AMD H IR 75 ffE TR (19 [

Zi b, AR RIER T AR iES e
hESC-RPEZ A I/ b CFH, $ 7 Hoeh A MARR i 4 1T i
BA—EREFERE S, HhESC-RPEMHIIGTF AMDIR{L T
A SCRFIESE, SR X P 4% 4 I ZEhESC-RPEFS A 2]
AMD R E WIS I, RE A A LA il Jay 3 S e MAR T
Tl A S AMA G, W7 R AR NS
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