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AR

U MBRERERE _EFFORF. THEF. LA, BX
ZERFEREFFARFOGHA LM BXRALETFHFELRA
#, 2ERF R TAEE, S RAMNE T T X E 5T kR E
. HEFREFLONELLER. FEEFEF¥LA K. #
E ACC Fellow European Heart Journal&-1€ %; % Circulation Research
BWEEFABRSE . KEAFZORAMANS G Sodn 8 JEE & AR5
BERBENEBEEZRGERENFAR. EEFRLALSHEALPTH
BEARLILT 2 F a0 oA VA A vE 7 B % S R B (Circulation,
2006); & I T AxCAR T 40 i o R T B B R v 40 M I6 T A kot MG I O Y
TG %A, - E T ¥E B 3 VEGF-AKT-mTOR 4+ ¥ 3 6 7 4 & %
AE 40 B A i =200 L P B T A M AR E DA RO BRI B B RO RO R AT
Bk 10 20 28 89 3815 16 & (Stem Cells, 2012; Aging Cell, 2012; Basic Res Car-
diol, 2013); % J8 58 R T Xy HI4F 0 & 1 VAR 30 B 4k 40 e 36 97 B9 I IR
HR, #RET BREHEAAGERGOINEFZ2EETR®E MR
6 B, B ROk AT 58 b 48 i 7Y B R (Eur Heart J, 2009; Diabetes,
2013), BTN IRA F W a8 () 2T EESS TR EEAKOIE
ERRREEHTET R (2) T % f T 40 M BR800 & %7 o A7
(3) T 244 R 0 IVAE 70 J5 B0 PR AR &S A o9 AL A 5

BRI LB SR ST RS

EEZ ST C U E

(FRTRCZE R B 58 IR 2 v O & 1B R AR I R 7 v o (R ZE AL R B52), AE 3T 1008535
MERCE R 2B, b5t 100853; *ra T KB B, KEHE 300071)

WE B RBIREEPH| 7 (tyrosine kinase inhibitors, TKIs)#9 & o & VE ) Ak ARFF 2 AT 89
FM. AFF ST @ILhPSCs) EARINT 54 A SAT KB bk amfit, ELRIR AR, H 474
PPN ARAE T — /NI oA . AR R IR T TKIs R 2 AT RABRFRAAFFE S e T @it
Sk B3 L@ 2 (human induced pluripotent stem cell-derived cardiomyocytes, hiPSC-CMs), ML 3 L
T, RIS FEH T R @ AT EhiPSC-CMs, 23654 % BB 28VA 5.6 umol/LAT B4 .

(ICsoR B, CCK8 52 ¥ 4E R )T 7124 h#A=48 h#l, @it £ 95 5% HXALEHIF-1049 R A . mfesk 80K A&
KAARIRE B AL T, BT BN R LR M T, B AX R L X RE R a Ty
48 98 T 1 ;18 i Western bloti R4 & 2B HIF-10&K @ ¢ kA, LR BT, HatiRa4ak, LR
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B 47 R BT 4R KA LE A IO R AR, KAARIE B4 % B 40K, I B A AR I &,
Hamfost TH 80K A, HIF-lo i BE. &, A RABRT RS ILmfe Rk M an, mig
B B BOR T e 3R b, H BT 5 HIF-1ait s,

FE4#818  hiPSC-CMs; TKIs; ‘0L 47 B & e

Experimental Study on Cardiotoxicity of Tumor Targeting Drugs
Based on iPS Technology

HAN Dong', MIAO Jiaxin'?, MA Yan'?, ZHANG Yang'?, CAO Feng'

("The Second Medical Center & National Clinical Research Center for Geriatric Diseases, Chinese PLA General Hospital,
Beijing 100853, China; *Medical School of Chinese PLA, Beijing 100853, China,
*Medical School of Nankai University, Tianjin 300071, China)

Abstract Increasing attention has been paid to the cardiovascular side effects of TKIs (tyrosine kinase
inhibitors). Human induced pluripotent stem cells can differentiate into various types of somatic cells in vitro and
have a rich resource, which provides an ideal choice for early drug toxicity evaluation. In this study, the cardiotox-
icity of sunitinib was observed in sunitinib-exposed hiPSC-CMs (human induced pluripotents stem cell-derived car-
diomyocytes). Cultured in vitro and chemically induced, hiPSC-CMs were divided into control group, 5.6 pmol/L sunitinib
(ICsy concentration, determined by CCK8 method) intervention group for 24 h and 48 h group. The expression of
HIF-1a, the state of hypoxia and the change of mitochondrial membrane potential were evaluated by immunofiuo-
rescence; the structural changes of mitochondria were observed by transmission electron microscope; mitochondrial
membrane potential and cell apoptosis were examined by flow cytometry. The results showed that sunitinib induced
significant mitochondrial structure damage, mitochondrial membrane potential dissipation, apparent hypoxia, and
elevated HIF-1a expression, which was paralleled with overt apoptosis and necrosis. In summary, sunitinib can
cause mitochondrial structural damage, hypoxia, apoptosis and necrosis, as well as hyperactivation of HIF-1a in
hiPSC-CMs.

Keywords hiPSC-CMs; TKIs; cardiotoxicity; sunitinib

It 56 B8 7 vk S R 25 D R AN BT R, i
Jed S TG 15 B 0, KO AR A7 R B B 1 hn, HUR
7 AT LR ST S G IR T SR U IR IR T AR SR )
OIVE IR RIEW H & 2, A5l — R0 Z A
S B A I O L5 1 AT T e IR VB A1 o) 71
(tyrosine kinase inhibitors, TKIs)IT 43K s A GE 16 TT
(R)HT— A 1) 24, Re Wik £ AR FH T B 1) g 4
J, MR AR B s . FLEE . B W IE A R
SN IR A B IR 9T AR Y, {ELBE B TKISTE I PR
AR ARG, O U R R A I DR DGV R
Hje) P, Jrh, &7 J8 # JE (sunitinib) A TKIs I R |
PEEOEA RFEAH R AL —. SFBE R KO
I 25 VAR FH Bk 1 G i By I R 48 R g, BEAE
B 98 AR S B A B O L EEPES,

N T2 Dyae T 412 (human induced plu-
ripotent stem cells, hiPSCs)AJ LUl /N L &4
155 T € 434k 0 L4 g (human induced pluri-
potents tem cell-derived cardiomyocytes, hiPSC-CMs).
hiPSC-CMsTE 7> T A% HLAE BN ) 2R 1 45 Ty
T P AR PR TN A LA, FLRERS A4
K b IR R AR AT 2, HLAE O
AR TR SR 24 W i 28 Ty T I T 9T SR HUAS T
RPN,

FEA S g, A @ A T FIPSCHRAF N IE
7 S ORUE O LA L (hiPSC-CMs), #4347 Je & Je 1l
hiPSC-CMHE R, M ZR LA 25 1 . BoRn AR JI L A A8
. AR HIF-1aft FRIA . A0 B4 4%
ZATIHEEET B B e Lo L



B RS B T IPSHORTRZ R HE 17 24510 LT B SE SR F I

1393

1 MRI5REE
1.1 #8
L1.1 @i ANEFEZaTARKPGP1IEH L
IR N AV EARGIRA A, FFAEAR L = KRR
(IR
1.1.2 £&3KA  Matrigel2%)5i 2 4 H 32 [E Corining
AT, NG00/ 2 5841 Mo ks 75 HmTeSR 1 H
% [EStem Cell A 7); Y27632ROCK 14117« GSK3%Z
P 0 1 FICHIR99021. Wt 1] 7| Endo-IWR 11 H
# [E Tocris BioscienceA #; Knockout™ DMEM#; 77
. EHEIDMEME; 7% 5. RPMI1640%; 77 5. B-27
N FEFN(S0%) B-27#N 72 FU(50%) T i 5 2 5 55 [E
Life Technology A 7; £ A4 [ Ha A7 A5 i 71 £ C-1
5TMRMI H 36 E Abcam s 7@ 478 & JE W H 2w
MR F]; CCKSIATT G B b %S AV RHE AR
AF],
1.2 5%
1.2.1 hiPSC-CMs/H A3 MR EEF B AT
A NZ M T4 R (hiPSO) 1.5 mLIGf7%E, BT
37 °CRIB T REbAL, 1 000 r/min® 025 min, 2% Fif
. FmTeSR1+5 pmol/L Y276324% 7% Fit 5 2 4H i,
I LA2x 102 /1 0cm? (1) 4H i 25 5% F AL T-Matrigel £
P IR b, B 37 °C 5% COL IR 748
R 9%, 24 hjg e limTeSR1, I H 4 K #e ik, H R
RS IRISE

KF10.5 mmol/L EDTAH b H-A&AR1F 2 (1ThiPSCs
(P20)LA1:15~1:121#) LL A5 o 4 T-Matrigel 0 4% it (1) 641
B, 24 hX ff FimTeSR1+5 pmol/L Y276324% 77 it
7R, BALES N2 mL3EFR2E, 24 hiG, #limTeSR1#%
FrHE, BRI . MR IR AR K3~ BB %
Y i %% Pk B 2985% e, AT DAL . it
15 B AH 22 S U S I L %2 910 sk hiPSC-CMs TR A5 Al
HF G

(1) 50K, FJAmTeSRIK;FREE, 1x PBSH VLA
MI2%; ¥ IIRPMI1640+B27 5 &2 +5 pmol/L i
T B -3B #1771 (glycogen synthase kinase-3f
inhibitor) CHIR99021, }%7%24 h;

(2) UK, FIEREFREE, IIIRPMI1640+B2770
JiR & 2B IR AL

(3) 3R, FIAREFREL, IS IIRPMI1640+B277C
Ji 5 45 umol/L I Wt 7)endo-IWR 1 ;

(4) 5K, FIREEFRES, ISIIRPMI1640+B27 10K

SRR, H7~13K, KR RPMI1640+B27 %
FEFREFREE, AR I 1 RIS IR,

(5) H14~19K, K77 F: 3 I %1 % FJDMEM
+4 mmol/LFLIR NS 75 2L, B3R IR IR B 7R,

(6) H19~30°K, K577 H: 4 ;RPMI1640+B27%k 78
PG FRIE, ME3R KRG TR .
122 SPLEMAICHN Z(CCK8%)  96fLR
B 100 WL f 41 il B i (620 x4 L) B BE FRARAE
37 °C. 5% CO MR 5 7240 N WikE 7724 h; M55 FR4R
(259 4HAEFL I N10 uLAY 1 pmol/L. 10 pumol/L.
100 umol/L. 1 000 umol/L&T J& & JE i, 13 7= 48
HHA AR 748 ho e BB 1T 7R R (BR 25 1 1B 7R 2,
T R FR BV AN2VR, AR5 I B 97 3E),
FIRFFLINAL0 uL CCKSYAWR, G <=z KA
CCKMIGFRMAEST CCEEFRAA NI & 2 h, FHRGHR G
JE WA AEA50 nmAL RO EE . A HCCK8ETHE
2 F 1) 94 & (half maximal inhibitory concentration,
ICso)iF, KA 4 F ¥ & B4 %) B 2H Control: ¥4
(0.1% DMSO), SZ56 7 LLiZ A 40 1% 71 9100%; =5
FI4HBlank: JCAHR AL, FH W P AR () 1R 22 (0 2
AR FEAE); 40 L5 77 (cell viability)(%)=(Darg—
Ditani)/(Dcontro—Dian)  100%, K &7 JE B JE 175 FhiPSC-
CMsHH L 5 17 F& 3 50% I 13 FEFR NTCso, F T )5 45
S
123 ZHEFEMETAREEKR  BodT
TS 1O LR M RS FRAR R, 70 285 97 5, NN
TRA A A A [ 52 Y2 s A i, 18 52 10 min)5 &1 K
Ui, FEF 2 B0, 800 r/min 05 min, EFRK
Mo EIET, K B0 B4 N 1.5 mL P4,
TINIE 8 T4 B, B T4 °COKF . BE
LI K G, 37 CCHEAR NI, 45 °CHEAR A Ak
HE12 h, 60 °CHEFE N [E 1048 ho Bl f5, FIHE D] A AL
CGE-REMUCTYI Jr, JEJE 970 nm. 5 J5, BET RS
o Y B Q% BE FR AR VAW MURIRAS, 5 Yo
15 min, fEHITACHI HT7800:% 5 H 7 & W5 Wl %2
T 5 S 1, SR AR B IR AT
124 #emgpmEa s BHIIC-1 440 TAEW: ¥
JC-1LC 1) &1 mmol/L, £ FH 2% it 3 #5 B 41 pmol/L.
FAPBSVE R M e I3k, SR Ja IMAIC-14% 5 TAE W
FEAE R £ pimonidazole, 37 °CH# & 10 min; 7E¥H0O%
LR AR WU N WS B AL AR A SR
LT TR . ARSI B RE F A7 B, 42 B i
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B 4537 °CHiF & TMRM S G ERET, ALk I 248 e gt vy
e

1.2.5 %% % AU HIF-1a49 & & &4 84 0L
B A KR B R 4T AhiPSC-CMsH22 Fh T 40 i IE ) 2%
FEN6x10° Fr, FIPBSI M MGE3 IR, 7 s 7%, s
REF37 °CiF B2 ho 4%% 5 F % = iR [8] € 15 min,
PBSIE R M HE3 K. A AR IE: 0.1% Triton X-100i%
JE30 min, PBSIERMIE3 R —Hii & KE fr: 420
BL 47 1:1 0004 FE 28 e brid i — 41, 37 °CiF &1 h,
PBSTAHHE3IX - FIMounting Medium( 5 DAPI)E
Fr, ECARAT . WOLIE I B AU R W52 40 g HIF-
Vo) R 7 150, S A L Sl S 1 10

12,6 AX@mpAenmiers K& gH
FH O JUL2H B A 0 A0 S e B N 250, 800 r/min
25,05 min, BBR_iE; 7 L3, PBSTEMPEEIK, 1%
22 T B B AN, A A R A B 10 pL Annexin V-
FITC+10 pL PIai, 78531821, JCE 15 min(4 °Cr™
FEIBEYG); B S5, N Annexin V4557500 pL. izl
2 P ARG 25 SR B R, 4 698 64 2R Annexin V-FITC,
2L AR R PICEA I FEF I 7E30 min); 434 H N
N300 pL 1x 256 G2 il FH IR 20 Ja B 2% 4 1 5 4
M2 A% A2 315 mLmAE 1 h TR 4 b
MR -

127 SitFaar  SSLmIsSrEE3R, A
GraphPad Prism 8.08 134T G it 2770t o € S B KL
45 RABE DL B AE 22 (o) R, FF 8 IEA M)
9 2 TR B LA R A 56, 2 241 e 5008 R FH 7 22 4y
T, P<0.05% /N Z 5 AR E Lo

2 H#R
2.1 hiPSC-CMsHIERDUREE
P2 1.2 15843 F53R 1) 7 1 5FPSCs i 47 & I3 Ko B
7%, hiPSCs i b FLIRIE 28, & WV, JiIL&E1L5 3]
80%~90% i, J1 1A 7€ 7] 434k, 4 B 5e B T AR AN 7 A
Ak, 240 PR [ BF o) JE LA AR, 7 230 B 8K A A5 4
LB 3 O L0 B (B 1A BE1BY. 434k B Zh R 0
JULEH L ] 22 0 LA B Ry 5 PR B 25 ) Troponin-TA
a-actinin, 5038 2GRS &5 BN, T M4 4
Jf 8 2 15 3K 7 o B 1, 2 0 UL R 1) A R
Th(EI1C).
2.2 FRERILALEMICME(CCKSE)
FKFRFEEREEEO. 0.1 1. 10, 100 umol/LI{ 4T

JE # Je 4t #hiPSC-CMs, #4248 h, CCK8% I & 41
3 0, K 5 F Prism B AR B 97 1H 5 2 B (E2);
CCK8EKHL, 1. 10. 100 umol/LK) 47 JE ¥ J& ik B
48 ] I B AR A5 P b 0 i hi PSC-CMs P 400 it 3 73 (B
2A), ICs,THESE R &7 )8 B Je T T Co JULAH 24 h4H A7
T N50% M) 18T )6 B JE W 2N(5.610.4) pmol/L(
2B, n=3, P<0.001).
23 EFFRRBRTE DAL R A BRLE N ER

FHL 5T T U 5200 L 0 2R R R R Al &5 o 0of HRR
hiPSC-CMTEJZ 5 FLBE I AT AL TE 5 0o JUL 200 i 1) e
iR N B (A g Sk BrR) T 2 E, BIRATE W
1EH . 5.6 pmol/LET JE & Jé T 124 h/E M %2 2 1hiPS-
CMSZRRLA R I 45 1) 7R, R 45 1 H B A8 473, 6
AR . AR IR J Rk I W55 . 5.6 pmol/L
£ BB BT 1148 h)s Wi 5% 2 [ThiPS-CMs R #4468 il
SEREIR, BRI EEM T B, LR TE A AN TE M
AL, SERTREL, BT P B B A (E3).
2.4 EFRE BT TuiE A4 Ra LR A B% B AL AG

Kl4°45.6 pmol/LET Jé # JE 73 7 T 724 h. 48 h
Ji B IC-1 5t 00 5 ) (1) 2o b A B e A7 AR Ak . IF
i 0 FEZEL AT ILIC- 14T 8 5% )l A5 it 17 46 €0 % G 4 55
5.6 umol/L#&F JE & JE T 724 hja FIIC-1 5t 2k ] T
N, 55 0F HEAH AR bl 40 68 0 IR S, A 1 0 e 4 o
1M5.6 umol/L&Y Jé # J& 11148 hji HJC-1 54 25 L
EoR, M FT 24 WA Bk et — S REs. T
TMRM 5% FEPRET (1 L A A B8 R A 38 40 L A A 0 25
Rt —PAEsE, &7 )88 Je T TiUs O UL 4E i i i
B o
25 FFRBRTHEAMATHEIRT, HIF-10
RIFRIALE N

BISAFT 7R A G 928 5 B € k6 IO JUL 40 g HIF-
Lo 0 J 20 i A1 O, Hp 43 8. 9% S A HIF- o,
LI NI SR IREHR T Y B 5 W% B (1 25
R, RN H IR ET AT BOE SR SRR, YRGS
(P-4 a5 S R L 4 o AR R LB, &
R RHBAORN. EBERER, B
DB ) 44 i 12k b 5| RS HITP- 1ot b 38 AN 4 B Sk S20IR v
19 n B (ESBATEISC).  EISBAT 7R 5.6 pmol/LET Je
# Je Fi 5 i@ i Western blotJ7 248 .0 4T i HIE -
Lo RIEE M. AR BRSNS BAML, e e
T FG O WL B HTF- 1088 (I R IA N, HiF e e
T 748 hi &7 Je & Je T 724 hifHIF-108s [ 3R IA &
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(A)
RPMI1640 RPMI1640
+B27 +B27
| ]| I
99021
| [ | | | | | | | -
Day —4 0 1 3 5 7 10 13 16 19

Cardiac Troponin-T

A: hiPSC-CMSs[¥5E i) 7314 5 48 5 IR FE 7R B 5 B: hiPSC-CMIFIZE M7 LI EE0R . 382K, B4R, BB6R. H8R. BI0OKMILE M C:
EE30R A G 1RO LR B O AN B 55 PE AR 4 Troponin-T Rl a-actinin ¥ 492 2¢ 6 % 72
A: the schematic diagram of the process of hiPSC-CMs differentiation; B: the photos of hiPSC-CMs on the 0™, 2™, 4*, 6", 8" and 10" day of induced

differentiation under bright-field microscopy; C: immunofluorescence identification of purified cardiomyocytes of Day 30 with specific cardiac markers

Troponin-T and o-actinin .

E1 hiPSC-CMsHIEE P UREE
Fig.1 Induced differentiation and identification of hiPSC-CMs

EFEMZ(K5D).
2.6 FFERBRFMEUCINHEMATSIAEER
Annexin V-FITC5PIXU L it 40 B A 7 JE
BT UG UL T S 5E S pL(E6A) . S Xt
RRZHAR LL, 78 & J& - T0US 110 £ 3 200 o Lo 451 2 =5 B
i, H48 hdl P 5 B 5. (Kl6B). Lt Annexin VH
FHAE R TS 0L B, T b e B e T
T 2 2 3, {548 hAdh B 5 41 i 07 T bL 3 9524 hefd

A FEAR(E6C).  LBEPTR B (SR A5 1 2 71w,
IIEA M L BIAEET JB & B T TG & 3G, H48 hik
T 5 1 O 5 B L 5024 W AT B A n(&leD).
Ab, FRATE O WLEE # B I CTnT Yt o O LR 57
PERILTS G54, 45 RANK6ERT K. BATKIL, £ )2
B JE AL 24 hr] i O LA BRVLTS 45 449 1 7™ B AR,
AbFRAS W AT IFE— 5 i E O JUUVL Y 45 0 1A PR RN 2L
(KI6E).
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(A)

150 - sk skok ok

Kk

100 —

504

Cell viability /%

0 10! 10° 10! 10?
Snt /pumol-L™!

(B)

150
= 100 1
z —
s IC,;=5.6 umol/L
g
Z 50
()
Q
0 T T T 1
-1 0 1 2 3

Log,,(Snt /umol-L™")

A: REKRFEOL 0.1 1. 104 100 pmol/L {147 JE # Jé kL FEhiPSC-CMs, $74:48 h, CCK 8 5E [ 40 3% 118 ; B: &7 )8 B B O ULEFPEICs M 28 K 1.

SntfCEEF JE i J2; ##P<0.01, #*#P<0.001, ****P<0.000 1.

A: hiPSC-CMs was treated with different concentrations of 0, 0.1, 1, 10, 100 umol/L sunitinib for 48 hours, and the cell viability was measured by
CCKS. B: the ICs, curve of cardiotoxicity of sunitinib and its calculation. Snt indicates sunitinib; **P<0.01, ***P<0.001, ****P<0.000 1.

B2 SFREBRUASMHICUE

Fig.2 1Cs determination of cardiotoxicity of sunitinib

SntfREAT e B e . Fi Sk dh Lk,

Snt represents sunitinib. Arrows indicate mitochondrions.

Snt 24 h

Snt 48 h
i

E3 fFRE R THE LML I BHEHNE

Fig.3 Mitochondrial ultrastructure of cardiomyocytes post sunitinib treatment

3 it

R TKISHR [ 94 77 2537 B0 470 Fooge 254 16 — 5
TR B T 2 MO RE IR IT I BUS, 4R g
HRICER, MR R A AE AT A, (R R 2
(1 R P o2 o A 3 £ 07 5 £ 0 M 5 7
PEDO, B, B T BRI R, o R
B AT BN R IR, T I 7 O R R i
RIRHE 2RSSR, MR LE B R R T

SRAFIAAEAZ I [ SR A5 8 e (9 A A7 o
FEA 26 h, FRATTEE ST T hiPSC-CMs#T JE & B
TR A, A3 T R AR B T 0 LT B A 2R R A
FRI A, I IC-1 Qe VR AE WO FE IR A T 5%
T UL P L A R FELASE AR AR . R A 4
L ZERE AR A T, BRI AL, 2R kLA ]
BEL ZRORL AR Py R 2R A4 56 5 DU A3 4 LR, 2R b
R 25 ) 11 56 2 e R M AT TE R i R AR I )
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(A) J-aggregate J-monomer Merge (B)
g 3007 I Con
&} I Snt 24 h
£200- I St 48 h
S

Snt 24 h

Snt 48 h

50 um

100+

0 10° 10 10? 10°
TMRM-mitochondrial potential assay
©
= 1.57 stk
50 um 8
g sk
]
o
S0 T T
o
=
=
B
2 0.5
)
=
(5}
50 um E 0

Con Snt24h Snt48h

A: JC- 1t 5O B B AR L B s Br 26T TMRMSE G A 1 2ot e 15 v A7 i s IR AR I 45 28 C: BEIE R 45 R . SntfUREFE B )8,

GEO RFEJ LM FIIEL; #*P<0.01, **#*P<0.001, ****P<0.000 1.

A: representative JC-1 staining images; B: flow cytometry based detection of mitochondrial membrane potential based on TMRM fluorescent probe. C:
quantitative results of panel B. Snt indicates sunitinib; GEO stands for geometric mean; **P<0.01, ***P<0.001, ****P<0.000 1.

B4 &F e e TifE A AR LA A IR F RIS

Fig.4 Mitochondrial membrane potential of cardiomyocytes post sunitinib treatment

filfo  FH T JUE 1) 15 B B T 0RO LA PR A Ak A AR
O LA AR 30% LA 1, DR, 2Rkt 40 51 a4
M Ae A R H T SECODIUE . O % — RS
O MR . SRR IS FELAL I R BB A 2 41 i
PR T2 I I N A g R A I A, — B KR
FEL R 9 35, DU 2 R AR AN T G R A P R T AR
AR SEEG R, BATIEE R 53 ML, &Fe & e T
Jei U FLEPH i 28 R A 35 40 B0 ™ 2 404, B 6 2 b A
Jieb B AR 5], 7 B 3 B R R AR 1R P SIS U Y, Y B
JE T TH48 hif 28 KL A 45 K4 (1 453473 4 T 79124 heE g 7™
H, fEET R T JE T 7048 hal A m] Wl 2 31 [ WA, i B
A7 B JE AT 51 DO FULEH it £ 7 A 435 440 FA) 7 EE A IR
i FECOME R R L. FE, £ 85 BT
SEPUNIDUIE ~S1E5o A N ASE VAl N i ol e v )
SRR, 5L, &7 )8 B e T I 4 O
VLA A b F P TR A, &7 J8 B e T 48 hif 0 AL
YA ET JE B JE T 15124 hif JE4H i 8 22, fd BE 4 A
b g RN &8 B e T UG F .0 UL4E

AT 3, G I RIS, o LA el A 1 i) S 4
L2

TAIL I GRS I B AEBOCILRET
M52 &Y JE B Je T T 1o JLZH A T B IR,
FEBEHIF-1038 5 36 1. HIF 2 3h P 40 i st S gk 4T
SRR J I ) — AN B 2[R -, HIF-152 HHA 70 R K
FHIF- 1o 3E 58 73 Hs A FRTHIE- 1 PR B R 57 30— 2R
A, FEARE.  ZH 23RN A WA rh s S RT R R PR AL
(3 55 S S R AR O BEAE RO SRR, SR
W FHIF- 1o 38 I 480 AR 1 1 o 7 A e R Ak,
I = AR RS PR B, LT AEAE
FRIMR, GEEZM T, ZR-E A A R 22
], HIF-1afE IR E AR 1E, JFR NI N, 5N
(JHIF-1BJ% i VR — SRAAE G 5, ik 7 )
(RCGTG) 5 64 = S yu 4 (hypoxia responseelements,
HRE)4E &, WS AT T 2L B e s, A9 T il 2
KR RIE, 5 REREMrS. FT. AW, g
A s DA R A gt S0 I A IR, R A B A R A A
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AL\

DAPI HIF-1a

(A)

Con

Snt 24 h

Snt48 h

Hypoxia marker
(pimonidazole)

(50 pm_

(B) ©) (D)
HIF-lg | o — —
Seskosksk sksksksk
3 47 .
wx ok Factin | s — —
I
— E 3_. kkok
3 2 — 31
= 2 S L sokox
: : :
= g 21 < 2
T £ =
_g 14 o o & E
= E 14 T Z 14 =T
] = S
& s =
~ o
0 S vy 0 < 0 —
Q> N > Q>
I '\,b‘\ R ® ¢d ﬁb}\ R ® C‘Q\ r\/b‘\ &b\‘
c}"& & %&‘ < %ﬂ‘\\ %\*\

A: PO
MHIF-10 K18 . SntfRR AT B & J8; MFUR K T3¢ e5RE
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5E 5 D: Western blothé:

A: the expression of HIF-1a was detected by fluorescence microscope, the representative image of hypoxia marker pimonidazole; B,C: the fluorescence
intensity quantification of HIF-1a and hypoxia marker pimonidazole. D: the expression of HIF-1a was detected by Western blot. Snt indicates sunitinib;
MFI stands for mean fluorescence intensity; ***P<0.001, ****P<0.000 1.
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Fig.5 Detection of hypoxia and expression of HIF-1a in cardiomyocytes post sunitinib treatment
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A: representative images of AnnexinV-FITC and PI double staining flow cytometry; B: double negative healthy cells quantification; C: Annexin V

single positive apoptotic cells quantification; D: PI single positive necrotic cells were quantified; E: immunofluorescence detection of myocardial struc-
tural protein cTnT shows the destruction of sarcomere structure in cardiomyocytes. Snt indicates sunitinib; **P<0.01, ***P<0.001, ****P<0.000 1.

Ele &F e et ifELAlMAET SRS RER

Fig.6 Cardiomyocytes apoptosis and necrosis post sunitinib treatment
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