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progenitor/endothelial cells, EPCs/ECs), {HIEfFAE—SARE. 5T AZENET 40 )d(human embryonic stem cells, hESCs)i 54>
A ReTE AN G A BE 7, A EPCS/ECs #2417 okV. A SCiR#IE, hESCs #5540 44 EPCS/ECs [ LLBIRRAK, K
TREZFEFHNRE, RAVEH B 45 500, 5 g R e 402 21 E 8 A (Matrigel) b, 2 )58 724 H]
M B IS R ¥, 23k A3 CD31'KDR" 41 fa i Ll vT LLIA R 16%. 3E—20 W ik S 45 R B R, 387518 EPCS/ECs
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AMXAEAE BRI AR, 0 A Rk A2 L
BEDY. i A5 A 55 I P T ) s e P A 38 T
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H 41 9 (endothelial progenitor cells, EPCs)iZE4T 1141
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A2 4 R T) 76 540 LA A8 7 AR AR BRI
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W, Bk, R B R, PRI N
41 itd (endothelial cells, ECs)7Mb 7 & S R1 2 FAT15L
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W40 23 A ST 7 (PR A 0 I, AN AT R A I R
RSt v, 1 HIRARE U R & i
PEHLE VRS AT IR = (R [

DOI: 10.3724/SP.J.1206.2013.00032
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RETh4n i, FLm) ECs 234k 1 ] B8 1 A 00 055 5 0
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BE T4 M 5 3R 09, 5 3 B AU 44 (embryoid
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Serg B, (HJE T LL hESCs AR IR#EATIE 301k
(PSR AR, FEOE T o LA K 2 R
il b, A4 EBs HRUS N B AH DG 5 1 HEAT
T, ARSI ERAE DTS R 1) EBs K/ AN
A, RN T R&HEF I AFE SRV B3
Wi 17 BT AN 5 5 N2 3 AN R e 2 TR 1
AT R, Al R SRS N R ke 55 5 Ak AR
EPCs M4 52 2%, I Hifs T /0 b LU B AH X 5
ik, w0, ] s e ds 5 5 hESCs 1) EPCs/
ECs HHATIE T, AR & E LUF 1) 1) 7.

204 = hESCs AR 41 a7 EPCs 114>
R, A S BRI ST AN M ()5 4%, FRAT M T 43
B B L5 B 4l 2 4 3% 2 1 (Matrigel) 3L 1% 75 1) — 4k
SRS S hESCs k. 5F T BT 3R 73 41 g
D1 388 3t 2 40 B A R S B i PCR BEAT T P 2 AH
SRBEDRIRIASIN, T8 Ik il A AE 25 KT S0 . R e
B FE S R G335 9 G 10 7 VR BG UE BT SR A5 K 40 R v
A AEXE LA 1) EPCs.

1 MR57E

1.1 ##

ARG T 400 H1 & HO I H ATCC; /IS FLk
214 41 B (mouse fibroblasts cells, MEF)F1 A Jit it ik
W JZ 4l HY (human umbilical vein endothelial cells,
HUVECs) 1 % $i b 22 Bl 2 e 2 75 T4 5 P A e
FH NI R AE s D-MEM/F-12 JE AR F7 9L
Knockout Ifil i % X %) (Knockout Serum substitute,
KSR). L- A% 2 Mt i B & 2% Bkl 4% 3 1 1 0
GIBCO 2 w); B- #ikk oMy . dF @ 7 & B R
(nonessential amino acids, NEAA). TRIzol i H
Invitrogen 72 7] ; mTESR 1 [§ STEM CELL 2 ],
R4l 24T 5 1 (Matrigel)IW H BD A #]; EGM2 B
FEHEMW H Lonza 24 7]: CD31 HifA il KDR $u 44 1
H BD 2wl ; H A NP BT 4R R KT
(recombinant human basic fibroblast growth factor,
thbFGF) 4 1 Millipore 22 ] s HAT A P J A R 1
(recombinant human vascular endothelial growth
factor, thVEGF)J H Perprotech /A #].

1.2 7%

1.2.1  AifidE IR, HI K& HO 41L& T 37C . 5%
CO, A, (M) ES HiFrBEEATH 97, ES ol
(208K : 78% DMEM-F-12 ¥% /il 20% KSR, 1%
NEAA, 1 mmol/L L- &+ 2{Wt/%, 0.1 mmol/L B- %i
He LWEAT 5 wg/L thbFGF. MEF & 1~ 37C . 5% CO,

S AR vh A =B DMEM WS N 15% FBS ¥R 51007
K 9%, HUVECs & T 37C . 5% CO, W4+ £ H
EGM2 B R TR 9%, B S L I a5 3L
75% IMDM Vs 1 25% F12 3595 5E . 1% 5% 22kl
fE3E . 0.05% BSA A1 1% NEAA.

1.2.2  RPBEDICSEG . FR IR 2 40 M 5 IH B R
%, H PBS PEukAi M 3 vk, A 2 J8 P9 A T o
M) 4% %2 28 T ] 52 40 B 10 min, PBS $E¥ 3 WK,
{FH 0.1% Triton-X -100 % i 10 min, PBS ¥ 2 X
Ji, HZPURIERI S EEE 1 30 min. MR HEPTA
LA T IS Y Le B R Pk, TR &b 4C i
WAL, 12 h 53¢ —Pt, {EH PBS %63 ¥k, A
TG L BIARRE ) 200 P, IR EEDE AL H 30 min,
PBS ¥t 3 K. $peJia IINIE 2 LAl ¥ DAPI %44% 2 min,
PBS ¥ 3 K, R T900 s T AT LS.
1.2.3  SEZHF 2 7 PCR(quantitative PCR , Q-PCR).
F TRIzol #2H hESCs. 753 43 1L AN [A] [ Bt 41 i %
HUVECs /i RNA, #5H{ 0.8 ng & RNA HEAT [ 5%
SEAS BN AN cDNA. >R SYBR Green 74 SZH 5
i PCR AT IN N A OCIE R k. it S 147 41
J: CD31 514, 5 ATCATTTCTAGCGCA -
TGGCCTGGT 3', CD31 Fiis|4, 5 ATTTGT-
GGAGGGCGAGGTCATAGA 3’; CD34 LiiEs14,
5" AAATCCTCTTCCTCTGAGGCTGGA 3', CD34
519, 5 AAGAGGCAGCTGGTGATAAGGG-
TT 3'; KDR L4514, 5 CCTCTACTCCAGT-
AAACCTGATTGGG 3', KDR Fiii514), 5 TGT-
TCCCAGCATTTCACACTATGG 3’ ; eNOS I
5%, 5 AAGATCTCCGCCTCGCTCA 3’, eNOS
N5 4, 5 GCTGTTGAAGCGGATCTTA 3’ ;
VE-cadherin 37514, 5" TGGAGAAGTGGCATC-
AGTCAACAG 3’, VE-cadherin Fii5[4), 5 TC-
TACAATCCCTTGCAGTGTGAG 3’; GAPDH L
51 %, 5 GAGTCAACGGATTTGGTCGT 3’ ,
GAPDH Fii51%), 5 TTGATTTTGGAGGGATC-
TCG3'. %41 PCR¥JHEKF 3 k. %4l H BIO-Rad
AT AL, BoRE5 RN 5 GAPDH tHH 251
g

1.2.4  MEFEEHTE RS . T 48 FLACTH 4 15~
20 pl/ 4L Matrigel, KffL# T 37°C i & 30 min,
LB AN — 2, ZJERE BSR4
WA e Fh = FLARD, T EGM2 B3Rk, &
T37C, 5% CO, HiFefih i B 5555, 48hJa
MG LA FE S5 16 TE G DL
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1.2.5 MWEEERSELR. RS 4 i B i
BRI E, KA e, A 2.4 wg M) EE
£ T 100 pl PBS Y, 0¥ F 0.5 h J5 57 PBS ks
3K, DAPI #i%)a, T-96R0EE N a2t )t
ERML AL

1.2.6 ¥ = 40 B2 K (fluorescence-activated cell
sorting, FACS). 153 4016 45 W1 4t i k47 ¥
1, Z )5 PBS F 24N, MR PUABLA T,
4x10°~ Tx10° 4 U FE A T~ 100 Wl PBS o, ¥ IiAH.
Pk, Fi A CD31-APC A1t A\ CD309-PE ( Xk
M A KR 3244 2, KDR) . 7870 RS 4005
udk, JEHEOEE TR G BT Pk
I, )Y 40 min. 2 5 B AT MR 40 I 3K,
H 300~ 500 w1 PBS Hak4ifitd, EH AU EE

hESC Stage 1

BMP4
Matrigel

2D

T 2%% FE ] 32 J5 4°C L LRAE.

1.2.7 ot 2Eb s, EsEREH x + s Fon, KA
SAS 9.1.3 Gt BAFHEAT G0 M. T ¢ K xS
KB EAT I ( hESCs 55 58 — I Be iy 2 4 R I 15941
fl. @i 25 /340 il 5 HUVECs )t
B, P<0.05 Fnxr AgEm L.

2 & R

2.1 LLhESCs AEIESMEIES EPCs ML AR
HIFRE

MRPE AT IR, BATTR 5 4 7 e N
TYEPI BT R, F5 2T R R
K.

VEGF+bFGF
Matrigel

6.5D

Fig. 1 The flowchart of hESC endothelial induction procedure

Human ES cells were cultured on Matrigel and induced by basic medium supplemented with BMP4 in order to get stage 1 cells. Subsequently, these

cells were treated with VEGF and bFGF for 6.5 days to derive endothelial progenitor cells.

TEEAT W B 5 S AT, AR RRAS T4
FF KLU 1) hESCs(Oct4. Sox2. SSEA3 K Nanog %
IEBEE, P 2B A E JE IR 2 (K Matrigel £,
mTeSR B FRIEHEATHE 9. AN IAE TEhA 37 2 L ARAR
2~3 REEA LR FRE A S, P LLEET EPCs ff)
FHFaL.

PR AMNE T 401K hESCs Bk P 2 40 i 4 2 25
B¥. B5E hESCs fE L3R 2 LT AL 1, K
0 B A SR/ B 3 R A e (AN T B 1 )L~ L
FANGHHE), B E] Matrigel BRI E, 25
TEVS PRt IR BE TP A N 25 we/L AN B
A Kk E B H 4 (recombinant human bone
morphogenetic protein , thBMP-4)1E17 55 — [ Bt 48
/NI Sk

48 h Jii, PBS PEANAE 3 ¥k, SAJEEEHNH R
B SRRk, B L4 i Bl 7
HE N 50 we/L thVEGF & 50 pg/L thbFGF. FH 5
T BB SRR R AN 6.5 KT, Al K E B
U FLACE FE ) 90% LA .

UG Stz 0, 3B BE S

SRR B 0.25% B, #1281 31
L AT AL AR AR BE . AEACS I35 7R 560 EGM2 1
I, 8 6 R UAT M40 AR & Q-PCR [1A4H
A
22 BEHSUEZME EPCs iFS 03w
TEF SR B R a, AR M)
hESCs A 73656 B 40 i, 3547 U0 X 40 7K P Az
W\ Q-PCR A 76kl M FACS &5 K hn]
PLEH, A& 2161 hESCs(CD31 Fi1 KDR {14
WAOMEL, FS LS MBI, ik
41 A DG R T bR CD31 A1 KDR 2655 1 & i
(¥ 3a), CD31'KDR* Sz CD31 BBH: 40 i W RE ) H
LU 41 B & 7] EPCs 3HAT00 k. P2 IRER
S8, EPCs 53 70 (i % K L4 KDR W HEIF L
BI21h 45%, CD31" WA LLEIZ R 15%. HE—F
Q-PCR KT I &5 S W], N B AH QR BN, Bl 46
CD31. KDR. CD34 /% VE-cadherin [ 1A #HH i
(B 3b), S U I Al SR AR T 2 Al T
J 1 23k P R s e e R bR A& CD31(K 3c).
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Fig. 2 Immunofluorescence staining of undifferenitated hESCs

Human ES cells were cultured on Matrigel to get rid of feeder layer. The expression of stemness markers, including Oct4 (green), Sox2 (green), SSEA3

(green) and Nanog (red) were detected by immunofluorescent staining. Nuclei were co-stained with DAPI (blue).
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Fig. 3 The endothelial property detection of hESC-derived cells at induction stage 2

(a) FACS shows the percentage of CD31" and KDR" populations of HI and H9 derived cells at the stage 2 differentiation. (b) Q-PCR indicates the

expression of endotheli

al related genes. M: hESC; [: Derived cells at stage 2. *P < 0.05, **P < 0.01 compared to undifferentiated hESCs. (c)

Immunofluorescence demonstrates the expression of CD31 on HUVECs and hESC-derived EPCs.
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2.3 hESCs KiE#I EPCs R4 RN Fric, BT CABRATTAE S MO T B LA 5 40 2 S v AL
PR 4 L — AN T g 2 2 5 A B K YIE SR, ML S BT I 40 e TRt 2
TEARSMEFRIG EPCs 1 LB I FESE M. AT R4 EE0IE 4). 4R 5w, BRorgi
B BOS R E RIA BBH T ASS, aEE nT DU RO W IR SR, HonT LA A R B
Bl 2 Matrigel I, VSI0 EGM2 #5373, 48 h oMl 4R, XEeg Wit PR E S0 10 D5 i 4i Mo H
LI INERE 2y ANIPIAS 17 EPCs 51k,
FH TR E R 25 T LU DA A R 40 B A S 2 1)

hESC derived cells hESC derived cells Nuclei Merge

100 pm| 100 pm

Fig. 4 Tube formation and fluorescein griffonia (bandeiraea) simplicifolia lecti Il
(fluorescein GSL II') binding capability of stage 2 derived cells

Human ES cell derived cells at stage 2 were seeded on Matrigel for tube formation, followed by the treatment of fluorescein GSL I .

24 #H—5FES hESC KRR EPCs 2L EE A IRAZ I A AR e, BT LA L3011 P B2 4 i

WAV B B 2o A M b A4k, JF BF, Q1 CD31'KDR* A1 KDR 5[5 40 it 1) LG 3] <
Fl BGM2 8538360595 6 K, 2 Rt—DRES ARG, JFH%T HL A HO 4005 5 0 sk
S FTAF 4N B 7] HUVECs (X 0. M FACS 1 IR, 55 BT 1 40 B 1) L B0 R A7 e — e 25 5%
g R LA, BEAE 7 BGM2 il — 28 (K 52). @i Q-PCR &M v LUE Y, A 5101
F%, AN HI 2 HO 405 S (h A3 an e P B2 AH DG LR KDR R 5 20 16 A B2 e S i 35 A
B LS, CD31 SRR RE I LL ] eNOS [3KIA 5 HUVECS )2 5 AR B Z( 5b).
W, mT4n EGM2 Bk — 2k 5

(a) Control HUVEC Control H9 derived cells
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Fig. 5 The endothelial property detection of hESCs derived EPCs/ECs after extended induction
(a) FACS shows the percentage of CD31* and KDR" populations of HUVECs and HI1/H9 derived cells. (b) Q-PCR indicates the expression of
endothelial related genes by induced cells and HUVECs. B : Induced cells; @: HUVECs. **P<0.01 compared to control.
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\ BT L3615 F] Matrigel 15 3 24 30 5 5401 1
3 W i WEAT . MR I f B YR, Ll hESCs b 2 44 1l

I PN R A AR Ao A2 A AN O LA RS 3R
[T 2= B O o0 S o I = s 1l T
G, SRR RGO B P TE R NEAREA.
TE A NAS VT R4 s RS . I -
WAy A, MR RS S 15 AR 4 22 1)
LA A DA K A BEORT B A& AN I8 B R 35 AL AT A%
WA T AR, [FIIN, BRSO E R 40
AN Y 19 531 WL TR T ) B I 3 K A2 I
B OWHREAEER B AR i BT AR YT . UG
J7 J% EPCS/ECs M. ] T~ HoAhAH DS W (17697 #A H
TSR 3 X

ikARIE, L hESCs 4 LlRm EPCs/ECs #EAT
TSR T 7 = e R IR0 R A 550k
S YERE FRVEKE hESCs #EAT EBs 55 9%, B 01
SEAR ) B A0 i TR) PR AH B4 64T EPCS/ECs 55
iR T RR LN — A hESCs 5 2 i 4
i, ALFEN R BEE I S170%, OP9 K MS-5 41 g
HEFR, BE RS TR LR IR 1T EPCS/ECs 5
SO, A SCHRAE A =R e R IRAN S A I
Jiik, S EBs AT Y Sk, T
i 1.5 gL IRIEAE N B ), AT — 21
EPCs/ECs 5 5 /04019, (HJ2, H[iix Ly vk 347
A ] EBs #H4T = 4ki% S 0404 T EBs ]
KANESRE my, WS 0 R SRR %
Sty HT T Z4ERE R I 3 T4 AT 2 D B
KUY, I AZS 5y 38 AN [ A R ) (7 G s A FH 2
JEIRILRE FRAT I o A R BB, 105
SR FEE ST, S oI ReR b
AR A . Wang 55075 5 25 10 SR w2 26 5
hESCs [n] P J2 AT 475 T 0 4, 3R1 4 10%1H)
CD34" 4 1, P34 4 Jf 43 16 5 b AT N B2 1R AH G 4y
Mr. AHEETT S, FRATTI SEE0 R 5 L Ui L a5 75 (1)
TYERE SO, BANE S AR FE AR It
. IXPTER A  SREE AN EE O T 0 T4 A (3R
I ZER(EBs A/ ), s S Tl 1) (1) A8 X
753, MG R LIE H EPCs M LR AR

TGS R b, BAT A )2 5 2 e
HREFRI W BOSE T . Matrigel & —Ffa]
PRI, AT ERNEE .
IRV &, [R5 TGF-B AT 440 g 25 K 1 K
N LT YERG IS 145 . Matrigel AT RUA 50 35
G0 955 10075 P 1 440 P 2 T 24 200 44 ko 1) B 35 N 234

EPCs/ECs HH T Sorb B N IRZE . HIRE
W Hz /& I LA 40 0 FT EPCS/ECs 28 B . Fit LR
R B Bt 7 XT3 2 04k, vl DUIEE S DA 1 (1)
WA, IFHREE TIHES o8, A0k
15, BMP4 b3 1.5 K] LLi5S hESCs [ 1 Py 2
AT /R0, KR 7 VEGE K L 40 g 26 11 52 44
KDR X} 5 2B b A m i 1R B B B8 224
VEGF 3 [ [t 2k BT LL3 /) BROVE IR I 7 7
w09, Jf H VEGF i ik ik v LLE 3F hESCs 7] 4
Bz RELA0 L (355 34620, bFGF AT DAY S 1 45 A
KPR, Tl AR A R A P Ui S Mg IR
SEPLOT L AR () B R E @Y, A IS bFGF i&
A] DLRSO A P RS A M ) 3 5 AT R, T
BRI R E. RO ERE S s R, 2
% T U S SRS, 255 TSI 45 5,
NN 25 wg/L BMP4 kb EE 2 K, Fif# A 50 pg/l
VEGF F1 bFGF 1EH] 6.5 K, AT LAk 145 i Lh il
f] EPCs % [fi b5 & CD31'KDR* XUBH PE4H e, - FHL
P aRAS I A M B AT TR U FESS MR ), mT BAZS
PR 25T RIE N ARG

7ELL hESCs A #Z 4h 40 i [7) EPCS/ECs 5 5 431k
PR, S PN/ i i LA 40 BB Bt
Yu 2R W, DL EBs AT S 40k,
ZJA¥ N 100 wg/LI¥ VEGF Fl bFGF b3 4 X, 7]
DL3R A3 RN B / i R4 40 B, B 3R A3 10
KDRPDGFR o 40 [P LLAI AT 5 85% LA F, %41 g
BOE P LA TR) P B2 0 AT 934t T LA o 3 1fn 40 PRk A T
Sk FEBRATTE b, AEE AR T N ok
(1) Matrigel Fl1 X} Py J2 28 K o 4k A7 35 224 10
VEGF Fl bFGF IXS6 K. TATRI, {FHIXF—
e SRR, JF RS =B Bei) s 5 o A )i
MAEKH 6.5 K, WA R T — 0193k mak
(¥ CD31'KDR" 40 Hu (F s, FF Hf% 3 704k 6.5
RITGHM O 2 ] LLAEAR SN N T UM R 254
AL G SRR 2, Q-PCR /K- AR I 2] T
FEAHSGIERI W3R IE, IR SE #0245 40 e T L AT 1)
R R

TS5 () I3 fa B B, AT H HUVECs 53
— ST A A TR, R R
3040, H CD31'KDR* 40 () b4 J2 CD31*
41 LA ARG 28 B B s 5 oA I S
H2& M Q-PCR Al o] LA i, VE-cadherin 3
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IR [ % 3K [6]) HUVECs &2 Br X A1), mlfge T
955 0 A0 BT A0 48 B AP Ak T 4 A 1 s L JE o B
EPCs [ LUBIAH XS &8sy, BT DU R O TR A B AH O
SRR RAE. R, BTSSR 4l
MO ARBAT RSN8P UGS TR AT AE A B2 40 i,
# CD31 1 KDR [¥] Lt 5 1 HUVECs AH b A5 2
Jt. IXSEZE R, PRSI AE T A0 K 4h
O 40 A5 K& ¥ EPCS/ECs, ¥l & EPCs f£1E,
EZ A EFEATE 100%. R4 STk FR 18 0one 4
WOEAT 7036 5 FRREAT A OGRS I, &5 SRS TH .

gr bpmik, ATV T —FRN . R R R
N E#%% S hESCs [ EPCs/ECs HE4T 15 S0 1L ik 4
R, JEH BSR40 B AT L FE S5 R R e
71, TG E R 2 AR N A OGN X —
TAEARI T2 2 5 W R oA AH 55 5 10 2%
Koy F-REATIEGE, 4 hESCs K5 1) EPCs/ECs Y
M TG IR G 34 7 F a5,

s % X W
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Efficiently Induce Endothelial Progenitor Cells
From Human Embryonic Stem Cells

FANG Fang, ZHANG Bo-Wen, HE Li-Juan, ZHOU Jun-Nian,

WANG Jing-Xue, YUE Wen, XIE Xiao-Yan™, PEI Xue-Tao"”
(Stem Cell and Regenerative Medicine Lab, Beijing Institute of Transfusion Medicine, Beijing 100850, China)

Abstract Vasculogenesis and angiogenesis are fundamental processes for the formation and restoration of
circulatory system, which plays important role in embryonic organ development, adult wound healing and
reproduction. Vascular endothelial cells are the foundation of cardiovascular systems. Although it has been proved
that several kinds of stem cells could be induced to generate endothelial cells ex vivo, there are still some shortages
in these cell sources. Depending on the multipotency and infinitive reproductive capability, human embryonic
stem cells (hESCs) become the new sources. However, the efficiency for deriving endothelial progenitor/
endothelial cells (EPCs/ECs) from hESCs is low. To increase endothelial induction efficiency, we used a two-stage
induction protocol. By the treatment of different cytokine cocktails at different stages and the using of Matrigel
matrix, we obtained about 16% CD31'KDR" cells from hESCs. The following endothelial induction stage with
EGM2 medium showed approximate 32% subgroup of EPCs/ECs. The derived cells had the capability for tube-like
structure formation on Matrigel and the ability to cohere with fluorescein griffonia (bandeiraea) simplicifolia
lectin [T . Q-PCR indicated that the induced cells express endothelial specific genes. Immunofluorescence detection
indicated the expression of endothelial specific marker-CD31. Taken together, we have successfully derived
EPCs/ECs from human embryonic stem cells with a modified method.
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