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Effect of Porcine Induced Pluripotent Stem Cell-Derived Endothelial
Cells on Hind-Limb Ischemia of Mice

YU Yang, LI Yimei, WEI Renyue, CHAI Mengjia, LIU Zhonghua*, ZHANG Yu*

(Key Laboratory of Animal Cellular and Genetic Engineering of Heilongjiang Province,
Northeast Agricultural University, Harbin 150030, China)

Abstract In this study, the repairing ability of porcine iPSC-ECs (iPSC-derived endothelial cells) was
studied by using mouse hind-limb ischemia model, in vivo imaging, HE staining, immunohistochemistry, TUNEL
staining and Real time-PCR. The results showed that PKH26-labled iPSC-ECs decreased sharply at the early stage
of cell transplantation, and the positive signal could seldom be observed after 7 days. Porcine iPSC-ECs treated
group had organized morphology after 28 days of cell transplantation, and its total vessel density was (7.66+1.28)%,
which was significantly higher than those of PFFs (porcine fetal fibroblasts) and EGM-2 treated groups. The apop-
totic cell percentage of iPSC-ECs treated group was (25.83+£2.32)%, which was significantly lower than those of
the other two groups. In vitro study showed that, under hypoxic condition, the expression levels of pro-angiogenesis

and anti-apoptotic genes of porcine iPSC-ECs were higher than those of PFFs, which was similar to porcine AOCs
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(aortic endothelial cells). These results suggest that porcine iPSC-ECs not only promote angiogenesis by fusion, but

maybe play a role in anti-apoptosis and pro-angiogenesis by paracrine mechanism as well. Studies on porcine iPSC-

ECs, on one hand, provide us experimental data for human endothelial cell transplantation, on the other hand, are

beneficial for the establishment of cardiovascular drug screening platform and the understanding of endothelial dif-

ferentiation and cardiovascular dysfunction.
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Table 1 Real time-PCR primer information

B F¥EEI (53" TESIE -5 K /bp
Gene Primer sequence (5'—3") Primer sequence (3'—5") Length /bp
VEGFA GCG AGG CAA GAAAAT CCCTG TTAACT CAA GCT GCC TCG CC 130

IL10 ACC TGG AAG ACG TAATGC CG GGG CAGAAATTG ATG ACA GCG 125
TIMP1 AGC TGG ACAACT GTG GAA CG GCA GGG AAACACTGT GCATT 142
TIMP2 CTC CAG GTG CAT TGA TCA GG ACT GGA TCC GTT TGA TGG GG 93
GATA4 GCT CTC TGT CCC AGA CCT TCT CTG ACC GAA GAT GCG TAG CC 112

CSF3 AAT TTC CTC CCA GGC CTC CA GCA GCT GCA GGG CCATC 143
ANGPTI CCA GGAACT GAAAAAGCAATTGAAC CCT CCCTTTAGT AAAACACCTTCT 135
ANGPT2 GCT AAG CACTCC CTT GTT GC ATG TCG CAG TAAGCCTTG GT 143

BCL2 TCTTTG AGT TCG GTG GGG TC CAA GGA AAT TCA AGT AAT CCA GCC 155
IFNAI TGA AGA ATT GGA AAG AGG AGA GTG A TGC TCC TTT GAA TGG CCT GG 111

TNF GCC CAA GGACTC AGATCATCG ATT GGC ATA CCC ACT CTG CC 108
FGFR2 GTA ACA GCA AGA GAG CCC CG TTC CCG TTT TTC AGC CAC CT 145
GAPDH GCAAAGTGGACATTG TCG CCATCA TCC TGG AAG ATG GTG ATG GCT T 160
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Cell count

100 pm

0° 10" 10> 10° 10* 10°
A BRI i SR 5 4L B: B sl ozt it P SO 2 SO 4 C: PKH26bR1E4%iPSC-ECs; D: ¥t xUAH i 43 7 PKH26 b 12 40 i 1 BH M 2% .
A: femoral artery proximal ligation by double knots; B: injection of cells or medium control into adductors at the distal end of femoral artery; C: por-

cine iPSC-ECs are labeled with PKH26; D: flow cytometric analysis of PKH26 positive cells.
B R TR MAR R R ST K R F51E

Fig.1 Establishment of mouse model of hind limb ischemia and cell transpantation

E2 JEiPS-ECsTE/N BRI T B HOZR e Al 15

Fig.2 Fluorescence imaging of porcine iPS-ECs in the ischemic hind limb of mice
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A~C: EGM-2(A). PFFs(B)Ff%iPSC-ECs(C)4bH/N I H ZUBES 2 M 4L, D~0: EGM-2(D~G)~ PFFs(H~K) & J%iPSC-ECs(L~O)ALH /N B, () 1
TERUG, JrhD L Hy LitHoechst 33342FRC AR, Ev 1. MAZCD31HUA G, Fy Iy NAZFERE 71 Vimentinft A R4 12, G, K. O S ZEFIF,
IR MAINFIENE 5 P~R: AN [FIAL R I 5% e 0 1 43 A, FGrh P i L8P 26 T 20 M, QU e JED TG ol L 2 20 #, RO HE R 4 i
L 84 BE 43 4T, n=6, Feks, *P<0.05.

A-C: histomorphological obsrevation of EGM-2 (A), PFFs (B) and porcine iPS-ECs (C) treated mice. D-O: angiogenesis of EGM-2 (D-G), PFFs (H-K)
and porcine iPSC-ECs (L-O) treated mice. Blue fluorescence represents the nuclei labelled by Hoechst 33342 (D,H,L). Green fluorescence represents
CD31 expression (E,ILM). Red fluorescence represents porcine specific vimentin expression (F,J,N). Merged images of E&F, I & J and M&N (G.K,0).
P-R: quantitative analysis of angiogenesis in different groups. Total capillary density (P). Capillary density of porcine cells (Q). Percentage of capillary
from porcine cells (R). n=6, X+s, *P<0.05.

E3 “mpaE28 KA/ A BB RS F W 8 K I i A

Fig.3 Histomorphology and angiogenesis of adductors after 28 d of cell transplantation
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Percentage of TUNEL-positive cells
W
(=]

100 pm

(=]

EGM2 PFFs iPSC-ECs
A~C: EGM-2(A). PFFs(B) X J#%iPSC-ECs(C)AL#E /)N R I TUNEL S tf, J o 5 5 . 7R Hoechst 33342bR 1 AN R%, 4% 4 /R TUNEL YL L BH P 119
AMMEA%; D: AR A TUNEL B (SIS 15 73 L, n=6, X%, *P<0.05,
A-C: TUNEL staining of EGM-2 (A), PFFs (B) and porcine iPS-ECs (C) treated mice. Blue fluorescence represents the nuclei labelled by Hoechst
33342. Green fluorescence represents TUNEL positive nuclei. D: percentage of TUNEL positive nuclei in different groups. n=6, ¥+s, *P<0.05.
El4 “AEFEE28K /MR AU ELR A TUNELR &
Fig.4 TUNEL staining of adductors after 28 d of cell transplantation

[=}
|

Hypoxia PFFs
Normoxia PFFs

Hypoxia iPSC-ECs

W

Normoxia iPSC-ECs
Hypoxia AOCs

BEOEOED@

Normoxia AOCs

VEGF2 IL10 TIMP1 TIMP2 GATA4 CSF3 ANGPT1 ANGPT2 BCL2 IFNAI TNF FGFR2

Fold change normalized to hypoxia PFFs

H BRI A7 BERER 2 7 B35 (P<0.05). n=4, X+s.
The bars without the same letter are significantly different (P<0.05). n=4, X+s.
E5 KEREEESETPFFs. iPS-ECsFIAOCSHI R MM E RIUATHEXEFHREER

Fig.5 Expressions of proangiogenic and antiapoptotic factors by PFFs, porcine iPS-ECs and AOCs under hypoxia and normoxia
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T2 SRR IR, AT BCAT 4 20 o 5 o) 4k
AT HIECs, AiPSCs>K i ECsT] LA™ A4 51 £ (1) 48
J BR] -, ad gt 5% 43 e 9 O AR /) R SR oL P R v
BB R, e W, BAEECSIE ] LIS 5545

Wy AR AR S HSEE . K8, BT
2 A, B0 E BH 22 ol 20 P ] DLIE e 5% 4 WA AL ) R
FEAE R, 5t - w8 7] 78 o 48 i (0 SN 5 1) A=
K7 g1 550 TR T CHaE ]
A BT I A BB 2 R B R 2 BT S A A ]
DU miR 135b%% 7% 21 P B2 41 B, B2 40 i sl A0 15
F-14 ] [Al ¥ (factor-inhibiting hypoxia-inducible
factor-1, FIH-1), Jfifl i HIF-FIH{Z 5 8 B AL 3k 4 2
AHREAT A . S TE AN L A Y

AT 502 BH, F2AE (1iPSC-ECSTE Il 25 W7 5k
SALMA L hE R — B B E R, X AE
B 1 5HE 0 MG IR R 2 75 [RE A B RR
RO, ARSI K H L A5 4L 5 20 MRS A R 2 1R 7
VR B R R W] DL R E SR A AL, TS
BERIREAS USRS I

M PR AR 46 R R A BERRAIE S5 NSRRI, F%1PSC-
ECsI¥3R 3 J H Dy REAE 700 T NP B2 4l i i 7
IR B RAEEE N, RAMUEIAE S FEAR. &
T 7 N £ b, EARIER SO KT
P BB IRATHY S50 B A e N S B 1 &5 2R,
(B34 7 ZE3E — 5 (W RIE 5Kk W1l B AR R A I A 280ME
o JBE TR 52475 1t LA S 40 10 55 53 W R A% AR 10 B AR L
o HeAb, IS TT R KA S YRR S, i — PR
FEiPSC-ECSTE A [F] 1) M 8] 1) B R 2 80 B U 22 5,
N 56 3 15 R T (1) B0 4 S 56

ZR BRIk, FRATE IS0 7 L E 5 R R G
HuFRAT 1 FEPSCsARIRIECs, FHH TN T R i AR
BIRETE 7R Nz AL ME B R ), R K
B, $EPSC-ECsMUREWS il 5 2 32U A S 5 E 4
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REAE FLANMM BB 9 NS LA P R 2 B A i AL SIe 56
s, WA R0 A ZTRIE T & AL S
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