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Abstract

BACKGROUND: Similar to the human induced embryonic stem cells, human induced pluripotent stem cell is a kind of pluripotent stem cells. By virtue of
the differentiation potential of three germ layers and self-renewal ability, it could serve as a means to generate a scalable source of cells for therapeutic

applications.

OBJECTIVE: To establish a protocol for the directed differentiation of human induced pluripotent stem cells into functional endothelial cells.

METHODS: The authenticity of human induced pluripotent stem cells was verified by the immunofluorescence method. Human induced pluripotent stem
cells were then differentiated into cardiac mesoderm, endothelial progenitor cells and finally functional endothelial cells through the manipulation of signaling
pathways using recombinant transcription factors and small molecule compounds by adding activin A, GSK pathway inhibitor CHIR99021/bone morphogenetic
protein 4, fibroblast growth factor/vascular endothelial growth factor/bone morphogenetic protein 4, basic fibroblast growth factor/vascular endothelial
growth factor/CHIR99021 on days 0, 1, 2, and 5 sequentially. The induced endothelial cells were characterized by the morphology and the expression of
endothelial cells-specific markers using brightfield microscope, real-time quantitative PCR and immunofluorescence method. Moreover, the tube formation

assay was performed to test the angiogenetic ability of induced endothelial cells.

RESULTS AND CONCLUSION: (1) The human induced pluripotent stem cells expressed high-levels of the induced pluripotent stem cell-specific markers (OCT4,
NANOG, and SSEA4) and self-renewal marker (Ki67) as well. (2) The human induced pluripotent stem cells were successfully induced sequentially into to cardiac
mesoderm cells, endothelial progenitor cells and final typical endothelial cells. (3) Real-time quantitative PCR results showed that with the progression of the
differentiation, endothelial progenitor cell markers (KDR and CD34) were increased, and then gradually decreased; and endothelial cell markers (VE-CADHERIN,
ICAM1 and PECAM1) were gradually increased. Immunofluorescence at the protein level further confirmed the increasing trend of endothelial cell marker
expression. (4) Tube formation assay showed that the number of endothelial cells-generated blood vessels increased with the increase of the concentration

of vascular endothelial growth factor. (5) It is concluded that an experimental protocol for the directed differentiation of human induced pluripotent stem

cells into endothelial cells has been successfully established, which is expected to provide a cellular basis and experimental basis for future blood vessel

construction.
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1 #RIFN753E Materials and methods
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BN bRt PRk kPR 5 AT DL ST i Ak 5 A T
RE IO LS PN R A 5 TR0 20 Ak o S8 B0 SR A xts o, 381
GRAPHPAD #4347 % 4H /] one-way ANOVA 43 #T .
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HAF AR S AL G i 75 5 g A TN A E L PR A1 o af o % 4
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1.3.2 SERHIAEE N5 S 2 e T i RERE 775 BIOCISO
(A N, J1E); StmePro-34 SFM 3% 3:E (Thermo, EH );
RPMI/1640 17 7% 3E (BI, DL 41 ); EGM K% 77 3E (LONZA, %
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FH ) BACH M (Sigma, EEH ): HHE A WIS F A(Pepro
Tech, Z[H ); /Ny T4bE%) CHIR99021(STEMCELL, 2[H ),
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WAL R F (Pepro Tech, E[E ); =H4HE A A &R M(Pepro
Tech, £ ): PN —Pi SSEA(Invitrogen, E[H ); /NI
N —$i NANOG(CST, ZE[H); %P A\ —PL OCT4(Invitrogen,
EH ) NI —HTKiI67(CST, £[H ); Ffit A—Hi VE-Cadherin
(CST, £ ); %P TBX5 —Hi (Invitrogen, E[H ); /NPT
A CD34 —4i (CST, £ ); /MNHiA—Pi CD31(CST, KH );
1 2E$i % Alexa Fluor Plus 555 %% 411 (Invitrogen, ZE£[H );
111 2E30/)8 B Alexa Fluor Plus 488 %t — ¥ (Invitrogen, £[H );
PUE K EF [# 77 (5 DAPI)(Invitrogen, 3£ [H ); RNA $2 Bt 7
& (Tiangen, 1 [E ); cDNA # R A & (Takara; HA );
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PR FUEE (Olympus, A ) 55 W 3700 2 5l S an i
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SIE R (ERVEYD, T ).
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(% 10 pumol/L Y27632 #1 10 umol/L CHIR99021), #:3% 24 h;
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K ): LL100 pg/L SR AVER 1d, B:Ail5; 77 2 9 RPMI/
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B fr 300 pg/L MAE N AR KR F 10 pg/L B IES RA &
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18 F 40 B 915 1L 7 (0.25%Trypsin/0.02% EDTA) WAL JG A 1 @ 3-
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A KA1 1 pmol/L CHIR99021 ] EGM, 2 d gL
1K
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F 40 A R BobRid M 3Rk, {H RNAsimple &1 RNA
SEHUE & P2 HU4H i RNA,  H] Nanodrop i & RNA WK, i
FH PrimeScript™ RT Master Mix fil] £ cDNA. % TB Green Fast
qPCR Mix i 71 G AT qPCR 5 WAl 26 [R5 . PCR ¢ B 2
J¥: 94 CTIAEME 2 min, 94 CAZE5s, 60 ‘CIBK / iEAH 1555,
40 MBS, KEfREHZ: 95 °C. 2min, 60°C. 20s, 95 C.

15s, M 60 CZZIEm##3| 99 C. LA GAPDH {EANZ, KH

YRR IR RIEE, SIMFSIILER 1.

&1 | qRT-PCR 5|¥F51

Table 1 | Primer sequences for qRT-PCR analysis

B | Ji1A) 731 (5'-3) IR (bp)

KDR e CAA GTG GCT AAG GGC ATG GA 181
i ATT TCA AAG GGA GGC GAG CA

CD34 S CTT TCC AGA GGG GTT GAG CAG 180
T CAG ACA CAC CCA GCT AAG ACA

VE-Cadherin [ CTT CAC CCA GAC CAA GTA CAC A 154
T AAT GGT GAA AGC GTC CTG GT

ICAM1 i TGA CCG TGA ATG TGC TCT CC 153
T TCC CTT TTT GGG CCT GTT GT

PECAM1 st TGA GGT CAA AGG ATC AGA CGA C 107
T TGG TGG CAA GGG ACT AAG GA

MESP1 st AGC CCA AGT GAC AAG GGA CAACT 82
T AAG GAA CCA CTT CGA AGG TGC TGA

TBX5 F- i ATG CAA GAG ACC TCA GTC CC 164
T TCC GGA GGA ATG AGG GTG AT

GAPDH [ TCG GAG TCA ACG GAT TTG GT 181
T TTC CCG TTC TCA GCC TTG AC

144 SEROGRMANESZRTAM. OETRZE. WK
RUAARZN A DA S N B 4R aAR i) ENE T 2 Ae T A M gk Fe s
TR B MEEE 2 Ry BB 5 RUAREE 7, 12 R )%
RTINS 3 2 B T4 O T R R E . P9 B R4 i DL &
Je A bR iC P 2k - OZH M ] 55 40 g/L 22 5% FH I ] 5 41
% I /E B 10 min, DPBS J&Jii 3 K, AKX 5 min; @F 14T
FL: IONFT LA A (1xPBS/5% BSA/0.3% Triton X-100), ‘& i
30 min; @—HMFH: MA—Ht [ P\ OCT3/4 Hw A
(1 : 100). /NEHLA NANOG 3T fEHIfA (1 1 100). /NEIT
N SSEA4 HLTLIEHTIA (1 200). fbi A TBXS —#i. /NEPT
A CD34 —#i. #u#i A VE-Cadherin B3 75 [ 14K (1 : 200).
/NERPT N CD31 B BE AR (1 1 100)], 4 CHEEA: @
ZhuWEE: DPBS Pl 3 Ik, X5 min, I ZHi[hE
H1 % — H1 Alexa Fluor555 (1 . 500). 1l =E$Hi/M B = PL Alexa
Fluor488 (1 : 500)], =i#it 1h; & [FHpBE: £HE
DAPI LA K75 Yot [, SLER AT A a4 18
1.4.5  FEI SIS R N R 4B AR SN LA T e 1 AR 15
Ko R RCIA SLIGAT I Py 7 240 A A1 I T e 7. OFLAR
TRALER: R AR K DR 25 oI S VB N T4 1) 24 FLAR
350 pb/ fL, =i 1 h SRR R RE ], @A A
J1 5 4 (0.25% Trypsin/0.02% EDTA) H4 A B2 4f i ( 734656 15
R ) THA BRI MOIRES, AT A0 M v 500 S8 A o B Fh 1) k-
RFLA T, 20 3 R BB 50 000 A Jem?, 15 IR EEA A AT
JT B FE ML N B AR T (50, 200 pg/L) 1) EGM H5 572
OMELRAG: 12 h J5 W37 B e T g =0,

15 T ZWRFEAE OANFESFEZRETHR. OIEHIREZE. N
FERTRAHM . R B ASREAE s @A oRT-PCR A I AN [F]
AL BEA RS AR e S RO P B 4 R
FEFRCY): @I R SIS 7 AT P R 4 i I T R e
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1.6 %itFobr SLIREURIYA xts %75, iEH GraphPad %%
{3347 2 411H] one-way ANOVA 73 #fr, P < 0.05 N 7% 57 H B %
PR o SCEGLA 77 O I 7 2 20l K IR 2 B G i 2
BREZo

2 Z58 Results

21 ABFZRTmiiRNE GERIETANETEAE
ST VEAR IS AT R, PO E A BOoR AN E R 2 R T4
REF A% S [T OCT4 I NANOG 7EZH i d% i /KPR S 3Rk,
N5'F 2 66T 20 H Ry 7 58 1 SSEAA TE 2 i JIE = 7K SR e 3R
k. BT Z AT A FE bR G Ki67 H5 5 H 5w BH P A 7R 20
Mtz BIREERIIFFE NG T 2R T4uMEiE, WA 1.
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Figure 1 | ldentification of human induced pluripotent stem cells
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Figure 2 | Schematic protocol for differentiation from human induced
pluripotent stem cells to endothelial cells
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Figure 3 | Dynamic observation of cellular morphology during the
different differentiation stages of endothelial cells from human induced
pluripotent stem cells

2.3 qPCR A2 P B AT 4R 20 e Ao ) B 40 IR 4% % 473249 mRNA
KF FEEER O, 1, 2, 5 RAGICME AR E FRC ) (MESPL,
TBX5)mRNA #4536 K ~F, 45 i 7k MESP1, TBX5 M5 0 K %
552 R B b I HAE S 2 Rk B mK-F (58
1 %K: MESP1, P<0.05; TBX5, P<0.05; %2 K: MESP1,
P <0.01; TBX5, P<0.01), 1M 2 KEI% 5 KHE K
M E 2T (% 5K: MESP1, P<0.001; TBX5, P<0.01).
FEPALEE 0, 5, 10, 15 K 4 AN [R) sAs I A B2 T 44 240 i A
W AR AR IC ). N TR ZE AR 104 KDR(P < 0.001).
CD34(P < 0.01) fE55 5 R &L, B )5 7£ 5 10 X (KDR,
P<0.05; CD34, P<0.05) fll% 15 & (KDR, P<0.01; CD34,
P<0.05) 855 5 RAWETH, HMEE&mTHEOR: A
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R S Ric ) VE-CADHERIN, ICAM1, PECAMI fE35 5 Ko
KR ETE (P <0.05), HEEHER ALK ILFREY 2R -
#4455 10 K: VE-CADHERIN, P<0.01; ICAM1, P<0.05;
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Figure 4 | Evaluation of mRNA levels of endothelial precursors and
endothelial cell markers in different differentiation stages of human
induced pluripotent stem cells by qRT-PCR

2.4 AR REF AR G KT IIEN B miesE AT AE
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Figure 5 | Identification of endothelial cell-specific markers at the protein
level by immunofluorescence
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Figure 6 | Evaluation of the angiogenetic ability of induced endothelial
cells using the tube formation assay
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