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T4 B AIE 50 26 T b A 22605 AN A A1 52 R
FWR G 40 B B A 5, 3N IR iR o) g 8
F= H N ZE R BE T 41 il (human embryonic stem cells,
hESCs)4i f Bk, 20 Matt A N T AR &
AT, 32 FH A4 20 i T 2 B 3R SR 1S RALES CR P 1)
ZH Jifd (induced pluripotent stem cells, iPSCs)™, % i
ThESCHE A M AR B F (A4 22 5y 46 3 B A
MNEARFE P55 1), 1 HE) 18 8140 Jfa b= 2
IR o

SE 1] 73 AR T 40 BRI 5 — AN L W), H
B A0 B = A o A0 i AR 1) D e R A4 T, A
FRAE PR 2 PRt i k. U Ko ¢ T AAhESCsfA
AT 3 A = A IR R S A B P R ke
U5 T A0 VR T2 1 8 A0 0O 2IR 1 Bk A PRt ke U
S D109 = Sl < PT84 1
JUL PR 40 MR R 40 e, DA SR IR T P VR 2 4D e 4
PRIzt

L3 200 6 DR Ay B A 440 i P i 2 1k N Ok B I R
s BT, 1E T 40 M R S AR A A A IR
IR NISAE AR S5, I 40 O 1) AN B 52 5 A% 46k
J& T 3 I T 48 i (hematopoietic stem cells,
HSCs)>k 58 1) 8B A2 ) LIy if rp 4 s 7 1
RTHSCs. 3X P12 R YR AN [R] IHSCs T 48 % A i
MR AP, T3z Y A T i 5 G A0 H A g
I AR 36 97« hESC/hiPSCAE 24 6 PR ) 1) T 41 i >k
U5, 03 I AR AU A )2 M OGRS —
T, XThESC5 3 ™ A IR #4525 il 3 1. 48 i 1) B9F 53 11
PATTRE TR T R0 R AR g i AN 1] 10 N 288 s P 3 o ) 4
PE, 50T DAFE AR S SR IG J903E I 7 44 10 D R
53— 77T, MhESC/hiPSCif5 7= A= 1) 4 Fh Ty i f s
(1) 1 40 B AT SR AR S i vy AR T2 N T
IR HZ HE R Ik, BAR LT B 1 il 4 i %R s
MOESC5 7344 i K, AH 1w JC V2 7E A 4 38 75 A
hESC/hiPSCi75 3 73 AL 1 K fRHSCs o IXAEAR KFLE
B RA B IR AR R AN A 4 AT AT T X ESC/iPSC
PR PR ARA R A O 7R 2 10 .40 3l &
o G ZE AN B AN I /NS IR Dk A A A, e R
AT T AR S s AR Y o, DR n] Re AR R B
HIMESC/hiPSC)™ A= 41 1 7™ it 10 B W2 H T Il R ¥
Jr ASCHthESC/MiPSCIn 2140 il R & HIASME
AR RAE— TR LRIR, A7 AE 1 1) RN 5T
W sE— R,

1 hESCs/hiPSCs# 3t T4 Bafff 33 sl
BB
1.1 hESCs

19984, ThomsonZ5% V7. ThESCs4l fifu#k . hESCs
KW T N BIREICM, B B3R EH . o PR35
(RIEE T, AN B A R 70 A A A A 28 2 40 i 1)
T HE, AR EFE A H BT S AR L A R PR R
hESCs[#)iX S645 s, A A0 40 i 5 Al 7 DA K
Il R N 7 1A T 522 37

—J7 I, hESCs AT Z ¥ gtk A fia 1, $2 4t 7
—AMRRN BRI R T AN MR,
AT NSEWRIE I 1 & AR B ST BEARASE A o —
J7 111, hESCs A Ay —AN T B -4t M >k, A ] LA
N TR AR B 2, B n] DUH T 508 R0 i
TP MG AR O WU PR R R P4 A
P90 IR AR, LA RO 08 5 BB 9T 259 o

HARhESCHE N R AR K B A0 90 A 2 A G
A AR, 1H t ThESCAE 4 T 40 i Sk Y5 7 Il R
TBIT AR AR MR AT, TF AN PR S 1
Y697 M 7 [ R B2 K (therapeutic cloning) il ik 04 48
Z e AR, NI e B R HIE A b (1 R % 24
VA ZE T BRI PR ], BUEhESC TG 12 AE 5 3 A AR PRk
MG TT I T 1A
1.2 hiPSCs

20074, Yamanaka%%5 20 41 38 1 o (1) 415 (A
T N AAR 40  EHT dw R, D 7 T hiPSC
P71, hiPSCHhESCH AT VF 2 AL Rf £, W14 i
TeA 35770, AR R A M AOPE . SRR
BP0 BT oy VA L SR ) b3/ E e A 13 b
AR NS IEIES Ul ahe

hiPSCHE 17 1] BA 58 A AA B hESC? HUAR IX A~ i) 7
H AT GE 18, 52 CAT#TST 7R, hiPSCHhESCHE
KRB RG> AT R 7 A WA 22 . A I 2346 7 TH
F, AR R, hiPSCr= A8 (1) 1L 14 #H 240 Ffd (he-
mangioblast) {414 § J) A WhESCR IS 41 i, H.5)
T4k, (HEhiPSCHRESCA A ELBL I 34 ¥4k,
HH T-hiPSCs ] LAR %5 ) #s MATATT MRS, B 2%
T RAURESCIH) Z ¥ fig 11 (stemness), [F13E 1K LA
oK FE 8 NSV I A FH i 880 (v A G B 41, BRI
JSCA P AR % 2 1R S T PR A 4 BRI
WF FR, V8 B AR IThiPSCsly A7 AH GBI I
B AR SRR, 3X O & Bk P AR I AR TE
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S ft T AT RetE. F5E F Ol I hiPSCs gt T
T VR 2R, i TR L0 40 BB i 1 /) BRUBEZRY
< AR 05 )R RRUBE Y L L2 40 0 2 il A (amy o-
trophic lateral sclerosis, ALS)¥ i ({iPSCRES512628

2 hESCs/hiPSCs/a] & # i 24 [ & 2R B 4
ey A LR

hESCs Al hiPSCs [ Ji D £ bR K 4 58 1 3k
ATHET 40 A S Sk (ALY o 53k 22 R 4,
hESCs ) i 4 i 503 1L 48 i & & IR AIE 31 R 5
ML R AR BRATTHE W IR 250/
41, CVHRIE ThESCsn] 4344 %5 Tl Ty B8 B 24 (1) 1fi 41
Jd, 3 41 i AL G T e R R 20 40 0, R R
211 N 1R\ TN EX 211 RN (70 3 21 TN
FARZ G M FOAR SR AH M AR R A ET L IEK
0 HaCHTLL K Bbk L 4H i R T 98K L 40 a2l

7t H i 1# 2 hESCs/hiPSCsfA 41 15 3 43 44 ™~
A R A0 Y ) v, i IR IR I R KSR 4y
NP B (). 1 5 Rl R R T I AR
hESCs/hiPSCs [i] /1 [V J2 F1 3 IfiL & A2 1) 7 1) 434k, TB
s FL A 3 IR I A R ] PR AR A T, PR Ok if
VRO AH 4 i) (hemangioblasts) . 4R J 75 1% Filvky <&
()32 I 5 5 XL 20 5 4, 15 ‘Fhemangioblasts i 1] 73
g R 5 1 R I LR AN o ARSI S AL YR i

RN MU IR 7 9 5 B AT FHhESCs/hiPSCs JE 40 i 44
(embryoid bodies, EBs)al 5 it Ifit & A= 41 23 (1) 45 i 41
MILREFE,
2.1 EBs

e AN R R R R P, hESCE K B B Ff
PR R B O I SERE 451, HIEB. EB4S
PR KRR PP T R G R R B g 44, nl
hESCsH) A Kbt & @ 4k UAERTRIA R
FRINNE 5 IR 2 RN i 24k % I A1 (WBMP,
Flt-3 ligand. SCFZ§)INf, EB W] L= A= hESC k5 14 J5t
GO I AR, RENIUR 27 3% 1k N IX AN 52 4% 11 &5
FAITAN IR T BRI, DX Fh [ & 1 1) - HHEB
I8 1fi BE B AT T B AR 1 SR i, LA AR SR IR i
MR, e AT AR D A0 2R R AR 1 I 4T 2
(A TR 3 L PR 2 A ), DR X FREB 45 44 AN )
TRFEhESCIr e 28 D e G 1 1. 40 i K & oAk
2.2 5SERMpEIES

55 ¥ GEBs &5 ¥ A EL, KFhESCs 55 Y [ i ) L/
A ) Lt I 5 467 (niche) 11 3 5 40 il 36 055 7 7= A2 I 1l
S AEL A P TR A R T A AR 7 A S A
(7 X O AT 22 P 5L 4 Mo bk 4 . - ThESCs i)
ML IBAR A0 oAb (L5 75 R 4

OP-941| iy £k >k I8 T 31 4= op/op/IN B I il s
AN M, 3 0N R g 5 4N i A e I R

El1 hESCs/hiPSCs|a) ZHh A A MK LARE S (LR EE
Fig.1 The diagram of mature blood cells derived from hESCs and hiPSCs



1070

AL -

¥ (macrophage colony-stimulating factor, M-CSF) [
FE A8, R4 4EM-CSF. 3 5 40 s OP-94¢ H
5 )z, o SRR R TS i gn i e AR DL R SE
FF i 8 >k YRHSCs [ Btk B 40 i 73 A6 R 36 48 ¢ T
FFhESC5 OP-95E Jit 4 M 3% 1 77 3k 45 1 v 41 fu 1)
RIE IR % SlukvinZ5E PO hESCs 5 OP-93E )5t 41 Jiy &
B FR, 9~10 dJi #5555 16 40 M s A0 JF 4k S48
GM-CSF 1) JC L35 1y 7 55 B7 B 2 1 S b i i &R
Y0 H, BCE AR T R TR SR 4 P GaurSERE
hESCs 55 OP-94L it 4fl ffu L35 9% 3k 43 T Bk 4t i i /b
T [fiL /)M ; Takayama®5 3 hESCs 5 OP-95,C3H10T1/2
SRR SL B TR ARAT T R 40 i R ) B8 B I /)N
B, HrPC3HI0T1/25& M 14~17 d X [HC3HZ KU i
rh gl SRR 1 41 L 2R Choi 55T T £ FEhiP-
SCs4ll i 55 OP-940 il 3t 15 77, w] LA™ AR 3 1l 4H 40 Jfa
(CD34'CD43")F1 4 7 4l Hy(CD31°CD43"); TrivediZ*1K
hESCs 5 OP-941 g 3L 5% 772 7 LU A CD34" (1) i 46 itk
1M1 41 i AICD73* 1) 1] 78 5t T 41l Jiid (mesenchymal stem
cells, MSC). Jj4b, i SCHRHE, T8 4k =Bt
i OP-95L 5t 41 Jfil % iA Delta-like 143, AJ LA 3% IfiL
FH 40 i S5k 2 ) B £ 40 1R 23 1R BB ), T B AT 1) ik
FATWR L0 i 2 A IR fig 10,

Kaufman®5"*HhESCs 73 il 5 2k U5 T/ B
8 58 5T 0 MO AAR S 17 RIS T /0N Bl B 3 4 (1) P g 66 e 4
HIREC166 L1535, LEA MM ASMNEAN R 7 14 4F T
AT DLRE A i A 40 . S17HEC 16640 Mk S 45 34 1fi
FEVE P A (3% . hESCs 5 S173E 1532 24710,
A T A 40 B, P e D T 0 T A 5 5% 1) 40
Gy i LR I CD34 4t i ik — A A5 [ AR RS IR b B
I%, TS RIBER. A RMEZA M ER. XL
hESCkK Y5 1) 3 1ML 4R % 55 1 6 A1 1M K U 1 CD34°
i 15 B AR VA AL, I HAB R IE 15 40 B PR .
hESCs 55 S173L 35 7% £ 145 7 A 14 it it 4H 41 Jfa m] %
FR B PR 2140 i 2 9% (CFU-E) . 38 i RT-PCRAS I -
Rl 1 g AR R R IE O, 45 3 WoR, CFU-ESE7%
R A L PR R ARV 2 T 21 B 1, ik WIhESC
3T >R PR £ 4 M LA R A 3 I PR AR5 A2 o

QiuZEUILE 8 7 S17HT N 2K Jifi I 4i 2 #RFH-B-
hTERTXThESCs [n) il 3 40 fitd 73 14 1) SC e g 70, K IR
Jo B RE U M S R M A M R B . XA Y
FA 5 SRR FChES Cs AR 40 A0 ¥ 21 41 i ifi 1 4 11
A[FF G AR TSR R

TATHARE T — PhESCs 5 4 4 v 1 /8 B A
JH 22 5 4 g (mouse fetal liver stromal cells, mFLSCs)
FLHE TR0 ML V0 T PR v 2% 7 VR K hESCs 4 i
FROHD) 5 48 15 (mFLSCs 3t 15 97, 485 44 3% (1 4>
RIS Tl (Z912~14 d), AT LA A K3 3 51 47 (cobble-
stone)FFCD34 A . I i i Ab 4 AN L1573 ¥ 40 i
IFUEAT I 40 i A v 15 5 BlE B IR RS IR, T AR
25T 2R PR SR VR0 L, B 65 BT 4 (12) o

3 hESCs/hiPSCs iV AR A B 514
S5 SR BA T I B S 35 O\ B A 3& L FAY B

hESCs [f1] %P LY 4H M 3 A4 5 325 (0 SRR BT 5
i s A S T R AP AR, R, hESCs/hiPSCs
In] I8 400 0 2 A — AN R iR K R R, 7
W2 MR KGN BOFa Pk EE NG R A R
B AR EUA, I Dy fe s e i 40 g 1ok
YT E i FAHSC . 1 AR R IR B B, 3 ) ) A
B AR I 1A FD 2 A) R e B ) R 2k 72 . 7
WAL AR N, IR AEAE N e ] DUBL 53—
A LR 3 1L (primitive hematopoiesis) 1] i 4418 I (de-
finitive hematopoiesis)ii 4% [ #2. T 5246 2L
VEA R R, AN BT IS 0 NI IG AR A IE T &2,
FATTRE 0 3 1L R R 4 B i M) B S 36 A
SRR UM BI(E3), BRI KE, &
M AR IR T ON B HE, J5 A & B ik B
(aorta/gonad/mesonephros, AGM)[X 15k, 7 4F U H 3,
5 ) L IR e A ot 4 B = A ) 3 A, AR
J A L PO RS BB O e T
3.1 JRIAIE AN AR Ak

ARG O [ SR I 1 R AR R T R
TEER TSR S ) 91 B S 1M A X HE B 17 o o ) I 4
EES RS A N ISNE EARAI D O SR g B R DR
XL G p AT AR R I 40 AR AT I R B U o,
FROM B UGS 1Mo 35— U8 ifiL ™= A ) 140 B ol 55 %
A () i 4 i S YRR ARABL, PR A Jl A 32 I (R K A
T M) e — R DA A 7 A2 B K I S R 3 1l 1) 3 if
A Mo (LT-HSCs) K 4H S 7% A8 5 72 77 K0 B g 350
B 7B A ST /N BRI 3¢ it Th BE A T AR E . 6T
A3 AL 5 A YT AT AL SR FAFA A — E ik
2 JO0E FUAE S AR AR Y T AGMIX 855, A7 27
AR/ BB TR iR 1) BR B R L T DR AN SE I
HSCs, ] DA g5 AF /N B i i Dy fig, R A fig J 4t
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Fig.2 The illustration of the induction method of blood cells from human pluripotent stem cells in our laboratory

E3 /MR FHIEMA A E TR

Fig.3 The developmental process of hematopoiesis in early embryo of mouse

JSAFE /N B FRD 3 I B RER o R I P P A B, AT T S AR 0 40 oA

RN BRI RS R E  A0 T KOG I RE, I AN LA A R AL BE . i A 40
AWATAFE I ATEFEVAPIAEIAEILR M A A RIS B ) 1 3 i DS ARl o,
1) 538 AR LA AL AR I . — UGG MR B AT 2 B U ANTR] R 3 0 XA 36 AN ] R
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WEE, 5 e EAR R A v e 1 i T /AH A . 4
BT URO.5 K 1) /1N Bl B o 9 3¢ i 40 Pt 9 v B 4 st
T U 16/ BT AN B8 F A A2 A4/ BRI i R 4,
M0 >4 XA (1) B 0 St 1 40 Jf A T e A AGMS-3 4L 3
FRAR G Pt N EHE R (/8 B 390 AT DA Rk o 1 o
I o XU B, AV IR I 1 R o T 4
LR R ) LAY 58 B R A 3 i 2R B vh 3t — 2D Bk
A R BRI 3 0l 40 P, A A L % R S I 1 R
JIBT o ST i A T I T 40 PRI A TR 2 G, A
7R ThESCHEARA a) it il 41 B ifs S 44k i R v, 1B
5 B B 2 I AR A B BB, A
BE— 2 1 A I 1l 40 i % 7

— AN LR 5% 5 I R A 3 i 2 A )
102 T A0 1 40 R P ot 2T B A4 ok A T 4 i
B RRESSE o JEUGR I I = 2 110 I 400 g 3 2 A 1% 11
JRUG 204 fo F /b 1 g g0 B, B4R 20 41 ff ML 3Rk
JVR I3 2R 1 T 7, T AR I A TR 2T 4 K
TR M LT & . S Ab, Bt i = A O LT-
HSCH H 5 B K01 T 4 35000 771 et S /0N R P) id fi. 2y
RE, JEREAMb ™ A2 55 A i (1 I 40 i 24 280 B A AL
(5% Ahof i 40 B, IR R, SR, FLAMT. B
MELRAN M.

N5/NRA B I SIINIAF B, ok & it
FErp A 22 5. i, /N BRI SR Gh 20 41 B[R] i 35
325 VAR T ORI A B 1t 21 2 1, A3 I AR R IR
FSCAAR R 1 21 2 %0 i N 2 5 AE 4 A i I SRk iR
JG R LT 3 [, B A IR P46, T fiG 78 il 21 2%
IR IE B BRI, BRI 2T 38 B R R, ek
A e E AR, BRIk, Ja )7 Bt s —Fh e
MU AR SMIF R, AR NS R IR IR ) il
HIHH
3.2 hESCs/hiPSCsi&k4 a1 4R AIE S 45 1L 5

R U I 1 AR ot )35 AR S AR R, 2040 e
R % 22 5 HhESCs/hiPSCsAA 4 ] 21 41 i 175 5
IHFFTIRME T R AP 55 . hESCSTERA a1
S I AN AR P S48, B8 IE T M UG 3 1 R
HE A3 I (6 . LuZG N4 hESCs 5 S 17345 5%,
4G T 3 A 40 (2 CD34°CD38Y), 15 M B4
5 P 3k 1 AL A0 PR I A S DR R LA, I
Tl Y50 140 40 A7 A2 AR K10 2 S R 5 40 s AL
A TE K Rk L B R IA R LR R T R SE N . Hop,
hESCsHe 5 138 1fiL 4 41 f 1 IR R f) ifiL 27 8 e ¢,

JAR G TR I 2T 2y, AN R A L i 21 B (1B TR
HE AR I A0 M s I 208y CFIB, S5 GPA®
ZLAN M A2 TE T AT o 3 1 BH S I3 784 40 i 1) o
0 6 A T O R 4 2 0 D A 3 L T AR, T AR 2R 1
iR OVUNSRE SN LS EHIBOR R

Papayannopoulouif 8l 414 i ThESCsZ: th
EB7M b H (9 2140 Ji B A REAE AL R 2, A2 1l 21
B RIS L R AN 7] (i Rk IR Bl e A iR L
Ry ML 208 (1, JLP AN RIE LR L 121 25 F1B)
JVR T 284 A i m A4S 3 AL T I A4 2R ) £ 40 i, AH
& NANSEA B, L2 ER 1 (3R Am] T QW 2

QiuE* 20084 K 3 T — f 0 T4 85 1 F
5% ] IR S FE . CKFhESCs55 A 16 T 4 i Bk (FH-B-
hTERT)ILH5 57, 14K )5 7= A2 (ICD34" 40 i m] 5 5 4
A7 A B BN I A A B B JRUR AL i . X
6 JEUAR £1 4 B AT B R R IR B, 4L s R AR
IR, G R e, IXLEEhESCIR YA
(12T 20 Jf B AR T DA%, (H R AR R ifiL 41 8 1 R IA
HILER DT 2%), LR AWIRBNG DL R
A DA IR A I 1 21 2 41 40 B ) oA

AR A AT AT TRE, PR T —Fb
AT LA 2 T BE R 20 40 M 1 3% 5% 7 v Bl A,
BAVHE— D WS T 2040 M il 21 2 11 18 78 s F2P2,
Fg T IR IR VR TR UL BT IR B
AR R IRA R S T E S vy RV T

(DHILEEFR

H15mFLSCs3t 15 728~10 ditf, H I GPA™ 41 s,
b NRata AR i DN T S MR L/ S SR TN N KA N
I (Hb) I dn e, 40 o ey 2 B,
BA M BAME. F11~12 A, AT IR IR A . Bl
ILEE TR I HERS, vo e— B A RIL, BRI )R
KN, B8R I AEIE £150%~60%, it W] 7E 3 15 77
7y BB AR R i 2 — N R e P

QKR

kPRI FEA RN R (D12, D14, D16,
D18)3R 45 (1) 3¢5 IfiL#H 41 B 1E 4T S ¥ 85 7%, 15 dJs B AL
PR BFU-ESE % 43 BT 1L 21 85 11 ks, K BB A 3L 8%
Fr I 1) (R 18 Jn, 2R 0K 1L 21 2% 1B 40 i L 431t 3 i
B4 0, H1(60.3%£19.0%)(D12)34 A1 31 (98.1%+1.1%)
(D18), F&ik ifn 21 25 el 40 il bL 451 A(97.1%+4.3%)
(D12)Z W T 14 51(62.4%+16.0%)(D18).

Q)BTFH T
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W LR FR15 Ay i A 40 B, SRV 5 9712 dLL
Jii, HE— D AE se B KV IB ER B ALEE H (I BFU-E4E 7%
FETF S 9R6 d, R BLARIE L2418 B4 A B 45 A
26.4%+17.0%38 1115199.8%+0.6%.

BATTHIT T 45 28— UE B T hESCs{E A& 41 ]
FSCGRALT A A A P ek B — AN T R I .
FEHRAE A IS P55 77 45 A (b G s A s ot 2 A= X 3k
()3 A0 M 15 %), hESCft AT DL i3 i — 4¢3
B Th e B R AR 2T 41

4 (KON STHRBREY FSE

BT A0 0 T AN Al A, AN g s R
SRR 2R, HAT R Im RN A5, BRI
TG RSP T KRB CAESO T
PEACARSN K B A AL 40 R IR TV
4.1 RS I T 48RS S 4 L B Z1 40 Al

LT T AR 40 S ok R 1
J% 1L v () CD347) [n] £ 40 i 5[] 43 AL (1) B 24 T
ROk E Douayfiff 71 AH R AE T — i 2 AL
TR ABATT S G BRVE 43 15 CB AP I CD34 3 IfiL+
I, AU 25 AN 7] 41 B PR 1~ 16 G M v 55 5RO B
BoskiE IR B Be—, A5 A SCF(stem cell fac-
tor). IL-3(interleukin 3). EPO(erythropoietin)£I.4f
M 53 AL (EDM) 1S 788 d LA ) £1 22 41 i 5 1) 734k B
B, A1l 5 MS-5/MSCHL R 77, B4 L5 ATEPO]
FRFRMERFR3 d, S e P AN S 4 B DR () 5 7R v 4k
S5 B M LR IR d, AT g0 R A% . X
P EGHFaMBE - AR 2 m. B2
77 i i ——D18IN CD34 41 Jfg ™ = 1 21 40 Jfo % & ik
FWEAR, 918 T KL(0.93~2.77)x10°5; 55 I 24U JE
f——D8 MBS b W 21 40 i v 3k 295%~98%; 5
= A% R i ——D 18 % 41 Y 1590%~100% o
e RibE AR TSN 22 AR IS 1777 NS i RS
W HE T8 B RSN I CD34 41 o 434k i £ 40 it
RP'CrlF A #Anid o R AN, Bl hjE T aR18
PREVANAICral gy, — B e B526R, 1
UCUENT T ARG AG I 2140 i v] DUAE N AR N AFTS, K
PR IE W A 22 I Re
4.2 hESCsifE S LBV 40 RE
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Table1 Comparison of erythrocyte derived from hESCs/hiPSCs by different inducing methods in vitro
WARFS FE 2T 8 IRk LA Ji A% AR SCHR
Methods Productivity Expression ratio of Hb-f Enucleation ratio ~ References
EB Stepl: hESC=EBs, SF/SC; High(10° fold) Little(2%) or no High(34%~48%)  [61,65]
Step2: differentiation to erythrocyte, SF.
Stepl: hiPSCs—EBs, SF; Moderate(10*fold) ~ No Low(4%~10%)  [65]
Step2: differentiation to erythrocyte, SF.
Coculture  Stepl: hESC+Stromal cells, SC;

Step2: expansion of hemagioblasts, SC;
Step3: differentiation to erythrocyte, SC/SF;
Step4: enhancing enucleation ratio by
coculture with stromal cells(OP-9/MS-5), SF.
EB+ Stepl: hESC—EBs, SF;
Step2: differentiation to erythrocyte, SF;
Step3: enhancing enucleation ratio by
coculture with stromal cells(OP-9/MS-5), SF.

coculture

Moderate(10* fold)

High(99.8%=0.6%) [15,29,48]

Low(0~16%) High(30%~65%)  [30]

SC: F ML K97, SF: LIl k5%,

SC: serum containing culture; SF: serum free culture.

MR 76 ) AL 40 i o3 Ak i ek R b i 1R 2 L
PR ) B . hESCs/hiPSCsARAM 4k, A () 4141 i
P 5 S B PR I PR N SR A7 A8 LA B
5.1 RIMIBHERIR

hESCstA A1 75 5 7 AE 1) B 221 41 i mT 4 A 1 IR
TN IR ST A A TR B ¥ M e 21 vivs g U 2 = R
£:10MhESCs/hiPSCs K2y a) 77 A4 10%~ 10721 41 i, 1 —
VRAAT B TR I 75 2 (1~2.5) < 10247 41 Jf(Z1500 mL4> I,
FFmLA® 1ML 2 & 5% 10°20 40 Jf), K& 75 2L £510°~10"
F 5 2 MhESCs, 7] LUAR G4l s - B 2 K. 7
hESC/hiPSC K f 7 £F 2041 i I I F I IR 2 /i, 36
T PR A A R R I ROR
5.2 RiREFER

24 H AT FHhESC/hiPSCR7 A= 41 40 Jfa () i, K
BT RAFAE AR A AR, TR B,
ATy TR A = 25 B . S 4b, Bl i —E
PR BT 77 = 40 (22 250k /N BUORYR) . iR 7R
ML 55 I 5T, B AN B R N F ) 22 b dfE, 3 v)
T EBR IR AR W R AR 4 NP5
FAER

Miharada25'*)4 ES4H i HEBs [n) 2L 41 il 404k, 1F
ZL20 0 SR, AN 2 ST 40 i, I A\D-H g I
UM W4 R DK I ] VB 5 A I A K W TR 75%~80%
i [E Baek 5T At T FhOC g . JoBE B Al i
LT A0 AR TR R e AT S R IR, A 5 1
[1ICD34" ) 21 & o3 A i gk B b, 3R IFUH 7
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IS L A4S I 7 PR SR 45 00 ) R4 vy 0 40 e P e 1
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I OIS AT 5 Ik e B AR R 3R
53 EABEELNRE
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ZLA0 W AT 55 5 B B 2 R 2B g 8 TR 4 O FLKS
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A2 4. SR, HATEERTA MRk &,
hESC/iPSCr™ A= 2140 it 1) i A% B0 #AN i 20 40 i
A% L FE 5 2 B gy 1 AN B B A2 AH OC1, L35 L3l
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Bey AN T, RS EAE, B e
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(DHFEH Iz H(vesicle trafficking)
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Generation of Functionally Mature Erythrocytes From Human
Pluripotent Stem Cells: A Review on Methodology

Mao Bin, Ma Feng*
(Institute of Blood Transfusion, Chinese Academy of Medical Sciences & Peking Union Medical College, Chengdu 610052, China)

Abstract The knowledge about the early development in human ontogeny has been greatly expanded by
the establishment of human embryonic stem cell (hESC) lines and, recently, induced pluripotent stem cells (hiPSC).
In the past decade, hESCs and hiPSCs have been proved good tools in characterization of molecular and cellular
mechanisms controlling the normal and diseased differentiation of hematopoietic progenitors and mature, functional
blood cells. Most of the types of hematopoietic cells (HCs) derived from hESCs have recently been shown with
functionally mature properties, including erythrocytes, neutrophils, platelets, megakaryocytes, eosinophils, mono-
cytes, dendritic cells (DC), nature killer (NK) cells, mast cells (MCs) and B/T-lineage lymphoid cells. Along with
the advances in research, a clinical translation of hESC/hiPSC-derived HCs as novel therapies has been foreseen in
near future. However, different efficiencies in blood cell production have been reported when using different culture
systems. We recently established efficient blood cell-inducing systems by co-culture of hESC/hiPSCs with murine
fetal stromal cells. In our culture system, hESC/hiPSC-derived hematopoietic progenitors are further induced along
to a specific blood cell lineage, such as erythrocytes, MCs and eosinophils, etc. We gained large quantity of purified
erythrocytes with maturity and function. In this review, we illustrate the co-culture methods developed in our labo-
ratory, along with many different methods developed by other groups, and the technique to induce hESC/hiPSCs
to hematopoietic cells and mature erythrocytes. The direction and the problems urgently needing a breakthrough in
future research are also addressed.
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