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[# E] 86 FIEERETE B e X AN HepG2 41 T B 1EFH R AL, & ok« BRSNS IR HepG2 40, FI
FH MTT $:AG AT SR B8 2405 HepG2 4HILAY 1C,, , Western blotting KM 254 4 BRRT IS HepG2 404> T-HE 25 88 (1 3k, IEBR B 1
( Annexin-V /AL BE( PL)BUFRYE A TUNEL Y83 kil &7 JE 35 JE AL BRI S HepG2 AHMIJ T I , ST 26 68 1t PCR Al 24
YIAb BT IE HepG2 ZNAHYAT LA mRNA fYRIATE N . £ & GFR B JE A0 HepG2 4IHAY 1C,, {5 M ( 3. 22 +0.50 )umol/L.
LIXT HepG2 20 Jifa JC B S il /E A A9 0 4 1 umol/L 47 JE 25 JE Ab 8 HepG2 4l M) , 4 i VEGFR1 . VEGFR2 .PDGFRa . Kit
FLT3 & HRE A ARFATE TR ¥ P<0.05), HepG2 MM T- %[ (15.18 £1.28 )% vs (5.90 £0.45 )% ,P <0.05 ] .4
T-HEH( AT (23.54 £4.73 ) vs (4.17 £0.64 ), P <0.05 [¥ T w, £FE BB HepG2 45, LIAME T3 Bax
NOXA .PUMA P53 mRNA FikKF( ¥ P <0.05 ), FEAEIJAT LN Bel-2 X-IAP mRNA kKW # P <0.05 ), ##: 478
BICRENS A AT HepG2 ANMLIR T, HHL I T HE 30 2t _b PR I8 7 3 DR A 6 I AR 8 1 35 PR 3 1 K SR S BAY

[ R8I ] &FeR)e; FANAIE ; HepG2 4NAE ; A T JA 1 3L A
[ FE4ZES ] R735.7; R730.54 [ SCEtERIREDS ] A [ ZE=HE] 1007-385X( 2015 )06-0684-06

The apoptotic effect of sunitinib on human hepatocellular carcinoma cell line
HepG2 and its mechanism

Huang Yuxian', Chen Xintong’, Cai Songhao’, Li Yuhua', Wu Bingyi', Song Chaoyang', He Yanjie', Guo Kunyuan'
(1. Department of Hematology, Zhujiang Hospital, Southern Medical University, Guangzhou 510282, Guangdong,
China; 2. Icahn Insitute for Genomics and Multiscale Biology, Mount Sinai School of Medicine Levy Place New York, NY
10029, USA;3. Department of Hematology, Shantou Hospital Affiliated to Sun Yat-sen University, Shantou 525031,
Guangdong, China )

[ Abstract ] Objective: To investigate the apoptotic effect of sunitinib on human hepatocellular carcinoma cell HepG2
and explore the underlying molecular mechanism. Methods: The HepG2 cells were cultivated by routine method. The
effect of sunitinib on the growth of HepG2 cells was assessed by MTT assay. Molecular targets in the hepatocellular carci-
noma HepG2 cells were examined by immunoblotting. Apoptotic cell death was detected using Annexin-V/PI double la-
beled flow cytometry and TUNEL assay. The expressions of mRNA were quantitated by RT-qPCR. Results: The ICs, of
sunitinib for inhibiting HepG2 cell growth was ( 3.22 +0. 50 ) umol/L. After exposed to sunitinib, the expression of
VEGFR1, VEGFR2, PDGFRa, Kit, FLT3 were decreased in HepG2 cells. Apoptosis rates of HepG2 cells were ( 5.90 +
0.45)% vs (15.18 £1.28 )% in the absence or presence of sunitinib respectively, and corresponding apoptosis index

(AL) were (4.17 £0.64 ) vs (23.54 +4.73 ). After treated with sunitinib, the expressions of pro-apoptotic genes Bax,
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NOXA, PUMA and P53 were increased in the cells, whereas that of apoptosis-inhibiting genes Bcl-2 and X-IAP were sig-

nificantly decreased. Conclusion: Increased expression of pro-apoptotic genes and decreased apoptosis-inhibiting genes

are likely responsible for sunitinib-induced apoptosis in human hepatocellular carcinoma HepG2 cells.

[ Key words ]

W o DRl e A ES I U 9 L
— R TR U b DX, R e R AR
WAL T IR IY ROCR 22 R SR, A 3R R
WIIERAG E A R A g E R R B
W, W e £ L= ) TH B AR | K
B IXCPI o 3 o 2 8082 LR 2 4 F
FEAE W], Ok £ FARUIBR AL 2, JF B XLy A
B R AR, PO AFI T AR HE
X e g AR B 7S 1 BIL R A TR RIS
R B 22 1 i R A AR S T R SR R B
o3 T #L 10136 97 A T T e e 4 A e R L,
JTJE8 BB BRI A R B A B, SRR IR AT R B e
( sunitinib )& — Bl 22 $8 /N 73 1 1% 24 R L 0
H1370,2006 4FE 4% 3€ [ FDA e T 36 77 i 00
A S e T 25 1 15 I 18 () B . H R
3 o A o e 9 o A8 P B AR A PR T 2 R vascular
endothelial growth factor receptor, VEGFR )1-3 | IfiL
IR A K B 52 K ( platelet-derived growth
factor receptor, PDGFR ) . 1+ 40 ffd 4= & B F 532 1k
( stem cell factor receptor, SCFR; Ul C-Kit )\ & Jii
S A AR 220 3R I A2 AR glial cell-line de-
rived neurotrophic factor receptor, GDNFR; n
RET )1 A FMS # % 2 2 ¥ i 3 ( human FMS-
like tyrosine kinase 3, FLT3 )45 i % iR {4 [ 11 BHL
Wr Ras/Raf/MEK/ERK , PI3K-AKT-mTOR {5 *5 il
B AT 410 ) A 38 40 B A Kl R RS
AT AT ok 22 T I PR 3 30 45 R R, & JE B JE RIT
A — e IR YT AR, BE % SE K W 0T R
S AR T 9 s kR AR A, BOAR LR T
IR A —E 2 s AT e
Je X T 40 98 A7 6 97 AV Y Rl RE AL ) 2 — 2 4
b DN ORI (2 2 5 S 1B v = S A N
I &F JE & Je A T 968 40 i Bk HepG2 , £ U
A0 g8 T AR A KA G I T BRI R B AL, B TR
TETHET JE B Je X HepG2 41 i 5 7 FA ML, J IF
I 7 ¥ B AT B AL S AR

1 #MEEFZE
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NI A0k HepG2 HiA S g0 & /A7, & A
WP HER + 5EH R ) KR4 MR RPMI 1640
BRI ER TR . R ET ISR e W A 36 R 2 W
PU VEGFR1 % Hi VEGFR2 ¥4 Hi PDGFa B
PP Kit HA470 AT FLT3 4T F Med Chem Ex-
press 23 Al , HRP #3121 GAPDH N2 B4i 0y H 1
FEREY), Fdi % 1eG (H + L5845 I H Southern
Biotech , Immobilon western chemilum HRP substrat
Immobilon-P transfer membrane 3] 14 Millipore N
Al X B R B Eastman Kodak A H], Gib-
co LR ILVE W B i KA DR R ¥, RPMI
1640 14 3 b 1A A= P B2 25 B A BR A v, cDNA
A B PCR I H 57 P %8 Fermentas( MBI )3 ],
GIEY/LE M a3 2a B 7/ /N R o = v L X N U SIS B S
Beckman Coulter 23 ], Biophotometer 4= 4 43
FETHIW A 26 [ Eppendorf 23 #], PE9700 PCR {34 H
K[ PE A F] KRR K AUE [ 3¢ [ One Lamb-
da 23], 3 1 L VORE AL B B Uk RS I A F T R RER
FARAE B & 5O B A HZ Olympus 2
Al
1.2 MTT #4&m4F A 445 HepG2 fmity 1Cs,

MTT % HepG2 4 M X} & JE 5 Je 1) 25 9 L
R OB AR K Y HepG2 21, TH AT 80U
PHAE AR B R T 96 FLIG M, B T 37 C 5%
CO, BEAE PR AR . LA i A= KR ZSTF A
W, 200 Jf 0% R I W 2 1% 3R, 2 B A 0.0. 125,
0.25.0.5.1.2.4.8 wmol/L ¥ i # 47 JE B 2,
TR BB EE T 3 AL, SR AT 3 UG IR
YR IRAL . K537 48 h )5, BEFLINA 20 wl MTT
T ARSI 4 b BRALINA ZH 2R ARC DMSO )
150 pl, AR A), T A B AR 490 nm P T
FECEEFEC DO, TH 50% 4H M A= 1 30 ] Jor 7 1) 24
PIH FE( 1C5, ) B AN [ B2 B 5T 2 425 JE %k 400 it 15 B 1)
TR
1.3 Western blotting #& | 47 & % & & #2 3 HepG2
mpa s T sk G REN YR

WeBE 1 wmol/L &7 JE B Je AL PR 5 1Y HepG2 4fl
M, 53 2 2 AR AL FRAH 2 Ab FRAE . FH A 5
B F S , INAGE B SDS-PAGE - ARZZ W, Wi 7K



686 *

rf [ s A AT 4 2015 4E 12 H,22(6)

HOINEA S min, 7E 10% RV WERCEE e L F ok , R
By B T 2 Rl 9 £ H ( polyvinylidene fluoride,
PVDF ) |5 LA 5% WENE 4= %5 37 “C £/ 2 h, TBST
P& 10 min, & 3 X, il A VEGFRI. VEGFR2,
PDGF« .Kit \FLT3 .GAPDH H.457( #4 1: 200 ), % {0
A 1 h; TBST % 10 min, & 3 W, MEH R 9
(1:10 000 ), ZEMFHE 1 h; TBST %% 10 min, & 3
W B = BE G40 M. & I VEGFR1. VEGFR2,
PDGFa .c-Kit \FIt3 477 JK BE, DL [ 3R 25 11 2%l K B
{HY5 GAPDH £y JK B (B LU AR B 2 B (A X 1k
g
1.4 AKX e AN 4 A AT HepG2 2m i A =
A

W 1 wmol/L &7 R B JE M H 24 h HiJ5 1)
HepG2 #ifl, 5 2 41: M AR AL FRAH 25 b FE A
FH PBS ¥ 2 ¥k, EEAIM, A 5 pl Annexin
V-FITC, RA1R A S pl P, 1R4), iR N RO/
F 15 min, EPICS AITRA %937 2 20 o /SRS ) 7 7 4
WG, Modfit LT 323 Hras 3.
1.5 TUNEL kA& 24 4 & 22 37 )& ¥e.2m oL 8 45 &

WA 1 pmol/L &7 JE B JE AbWEE 24 h Al JE 1Y
HepG2 4L, 534 4 40« [0 X AL | PH P X R4
HepG2 Al A AL FRZH  HepG2 4025 M ab FHZH . i
HHMIC F, 4% 2 R pHT. 4 )= (15 ~ 25
CHRE 1 h, PBS 43t BE;3% H,0,( HEE )&} ]
10 min,PBS #9% 3 ¥; FH 0.1% TritonX-100( 0. 1%
FreEBRAN T it e ) )vK (2 ~8 °C ¥ 2 min, PBS
PRI 2 WK% N TUNEL RV FHREAS o AEFHMEXT
M R, 2MACHE R PBS BE%JS , %0 Dnase 1 /2
R, AE 15 ~25 °C 5 10 min; VEBIPEXT IR AL H-
JH N Label solution fEF, GRS & .37 C ,#OLHET
60 min; J PBS V% 3 ¥R ;1 I converter-POD T £
AL RS &, 37 CEEER 30 min, PBS YB3
U A DAB WA, 16 15 ~25 C, 0 F 2 ~ 10
min, H PBS PV 3 UC; B BERAG BK , —H 2R BB,
HPERT B B, O R T IR A R B PE A
EERES, HYEE ARG TR MM T4k
CAL): AL( % ) = PH % 40 Jf A% 0 8 40 Jf A% 500 x
100% , 255 FF A3 0BT 20 it ) TR B
1.6 B R HKEZF PCR AN 254 4 2247 )5 I & 4m
A8 == A B 69 mRNA # &AL

WAL 1 wmol/L &FJE B JE AL WEE 24 h [l )5 1Y
HepG2 4 g, 434 2 4H: HepG2 40 i & 4b ¥E 41 .
HepG2 4ffu2 4 ab ¥t . RNA 2075 & $12 B4 ffg
JLURNA, K %8 5F RNA 4l [ % 56 A B cDNA,

SEAF 7 AE i PCR SR ( SYBR S )14 & A AR
h 100 wl, 2 W £5 440 R :94°C |5 min, 94°C (45 s,
60°C .1 min,30 M, [A B 25 X IR, PCR I
NEHT 3 ~ 15 NMER I ZENAF FVER TR IRIF S,
PAT R A AL, & PO 2 5 B 5 R G
HELRIS Gl MR AR ACH= Cygyy - Cty,
A ACE=2"2% JFEAM I H Y mRNA HIXF Rk
i BAERE 3 WOFBCE A E ., BRI py 08 7 3
PCR BT H WK 1,

R1 R HepG2 ATEES I HFES
Tab.1 Primers of apoptosis genes in hepatocellular

carcinoma HepG2 cell

Size
Gene  Primer Sequence
(bp)
P53 Sense 5"-TTCTACAGTTGGGCAGCT -3’ 295
Antisense 5" -GCAGTAAGCCAAGATCAC-3’
Bcl-2  Sense 5"-CTGGTGTACAACATCGC-3’ 135
Antisense  5'-GGAGAAATCAAACAGAGGC-3’
Bax  Sense 5'-CCAGCTGCCTTGGACTGT-3’ 135

5'-ACCCCCTCAAGACCACTCTT-3’

Antisense

NOXA Sense 5'-ATTACCGCTGGCCTACTGTG-3’ 127

5"-ATGTGCTGAGTTGGCACTGA-3’

Antisense

PUMA Sense 5"-GGGCCCAGACTGTGAATCC-3’ 88

Antisense  5'-TCACACGTGCTCTCTCTAAACC-3’
XIAP Sense 5'-CAATGTGAATTTCTTCCTCAGC-3" 210

5'-TCAAGAAAGGTAGCTTGGTGA-3’

Antisense

1.7 %itzan

K H] SPSS15. 0 A T ge oAb B, 98 41 LA
x +s P, AR B TR A0 oy 1S SR R GR
FE T A R FHEC N ¢« K25, P <0.05 R4
THEE L

2 & R

2.1 B SHT

HepG2 4N BE A K, A KRS B AT, 1L 4R
W27k 36 h, WK 1, &F)e 8 e 4 RO [a) vk B 6 1
AL IS , HepG2 21 LAY 1C,, B ( 3.22 £0. 50 )
pumol/L, 25 7E 1 pmol/L ¥ B2 X 4 40 i Jc B ik
MEIER AT TR 2k, WK 2,
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1 HepG2 MR %100 )
Fig.1 Morphology of HepG2 cells ( x100 )
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Fig.2 Inhibition of HepG2 cell proliferation after

treatment with various concentrations of sunitinib

Sunitinib
. + M(x10%)

vicrr) R . 147

VEGFR, R
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Relative expression

2.2 AFRERAFEAL HepG2 s T3 5% G
FakKF

Western blotting il 25 2R ( |8 3 ) .7 , $E 41 Jifd
24 ) hb PR 4 % 35 VEGFRI ., VEGFR2 . PDGFRa .
Kit .FLT3 %4> F LS E M, £ e B e bl )s, b
IR R IR YA AR KV T B 508 240 i 4 245 ) b 2
HIE 3 A RIA AT 22 5 A Geit 24 2 LR ¢ k50,
¥1P<0.05).
2.3 AFRAFRAILIE e HepG2 2 I8 — %
2.3.1 wmRa@m ARSI AR A I A
( ¥4 )57~ , HepG2 4 ff 1 &7 JE & Je A BE i J= 09 4
T3R5 H1R(5.90 £0.45 )% HI( 15.18 £1.28 )% ,
HepG2 40wk 2P ab B 5 SRFE AN L35 %2 , 25 ik B8
AEAT RESASRITFE L (1 =25.317, P =
0. 000 ).
2.3.2 TUNEL %40 TUNEL Jefaikat 5 & 4)
IR FEPOC R WSS RAET e e 2y ab B
ek 200 B 5 €0, 22T JE R e A B e e 40 e 2 PR
Rt , I L BH M 20 A 1 40 sl e 2, 2 LR ) R T 2
JH R 5 TP %o 4 5 4 Jd €2, B2 T R 4 o 57
ks, AL 45 k(1,05 £0. 12 )% F
(98.85+0. 19 )% ; HepG2 4 il & 4b FH 4 AL Ny
(4.17 £0.64 )% . HepG2 4 i 25 Wy 4b BRZH AT Ky
(123.54 +4.73 )% ; W20 9k 25 ) b 38U )5 R T2 3%
ZRAWH B ITFE (1 =38.846,P =0.001 ).

1.8 ¢ *

¥ HepG2 untreatment

B Hep(G2 weatment with sunitinib

W

Fl3

)
VEGFR1 VEGFR2 PDGFRa C-Kit

3 HFRERAEMR HepG2 S FHAZEARIEKE

Fig.3 Decrease of the expression of molecular targets in HepG2 cell treated with sunitinib

" P <0.05 vs HepG2 cells untreament

2.4  SEEFE KA ZF PCR Aam 24 4 4 32 5] )5 I % e
A8 A B mRNA 8 &3k H L

FEHT- B mRNA 4, RAEF e & Je b By
HepG2 #11Jifg 8 1= 3% A Bax . NOXA . PUMA |, P53 | Bcl-
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2 X-IAP mRNA K IEIKF-43 50 (1.00 0. 09 ).
(1.00 £0.09).(1.00 £0.19).(1.00 0. 16 ).
(1.00£0.13).(1.00 £0. 12 )., & Je# e b B
Ja, £ R A T3 A Bax . NOXA . PUMA | P53
mRNAZR K 7K B 5 F+ 8, 4300 (2,06 £0. 19 ).,
(1.35+0.17).(1.56 £0.20 ).( 1.49 £0.32 ); i
JHT- I Bel-2 X-IAP mRNA 357K -1 53 B A%, 43
HM(0.68 £0.08 ).(0.74 £0.05 ), A [F] &b FH 2 [i]
T 3 mRNA Rk 22 S AP B2 E X
( ANOVA for factorial analysis F = 33. 721, P =
0.000 ), W5 2,

2 5
=1 =

L 3'_ E

Eﬂﬂ ohel

I e
RE 21
= 1 '-._:‘.;_. "‘ "2_-
10" 1 1w 1w 1t

107 10" 10° 107 10

Annexin V FITC Anmnexin V FITC

4 Annexin-V/PI SURIE A = 4 A A4 M &F
fRE R AN AT /R ¥4 AT TR
Fig.4 Apoptosis of tumor cells before and after
treatment with sunitinib detected by Annexin-V/PIL
double labeled flow cytometry

4

5 TUNEL E#NE R & RAAERIEHAMBAT AT x10)
Fig.5 Apoptosis of tumor cells before and after treatment with sunitinib detected by TUNEL( x10 )

A': Negative control ; B: Positive control; C: HepG2 untreated; D: HepG2 treated

F2 HREEAIERE HepG2 AT EE mRNA FikKF(x+5)

Tab. 2 Expressions of apoptotic gene mRNA on HepG2 cells before and after incubation with sunitinib ( x +s )

Group Bax NOXA PUMA P53 Bel-2 X-IAP
Untreatment  1.00 £0.09 1.00 £0.09 1.00 0. 19 1.00 0. 16 1.00 +£0.13 1.00 0. 12
Sunitinib 2.06 £0.19° 1.35+0.17" 1.56 £0.20" 1.49 +£0.32° 0.68 £0.08 " 0.74 £0.05"

" P <0.05 vs HepG2 untreatment group

R I

SERLFRET e 2 e T8 L 0 ) 37 A s 2 TR TR re-
ceptor tyrosine kinases RTK ), 41 VEGFR1-3 \PDGFR .
C-Kit .FLT3 I RET 45 J# i, M 1fif FH M7 Ras/Raf/
MEK/ERK ,PI3K-AKT-mTOR i 184 5 15 = 18 B Al
A8 A G B, 410 5 e 4 B 7 R A 1l A T
B ZGE ML T T U R R AL, 4
JRTTE I 00 AR R SR L] EAR AR . 4
Tia] 245 ) T 96 1) 3 o A58 R 55 g 4 i o T 2 B A
O 175 T IR A0 B Tk e R 3 T IR Y 1 A
Mo AT, &7 R JER 1C5 o4 3.22 pmol/L, It
W HepG2 41 HaAG A Al /E . FEBbyk E T
W5 HepG2 4Hd 24 h, Western blotting 6 il 2% 5L 4
7% T 98 4 4 05 2 1 VEGFR . PDGFR | C-Kit I

FLT3 Fik HA LR AH1E A

L 97 T ( apoptosis ), M PR 40 i 72 5 M A6 T
( programmed cell death, PCD ), J& & 4l i £ — & 19
A R B PER  EAE H BT, A C A RHE
AR, BRSSP R
— RIS 50 7. A T 5 R A T
BRFNA IR G , R 22 8024 W) el 1 5 240 i A
T3k B35 BR MR 09 B A, A5 2 7 58 e 25 W) AE
PIESL L A2 ket R A B T P A AR £
o SR AN [ (14 2H 2R AN T8 e A I R T2 1
o A A A R T, BEARTE 22 ZRR( PS ) AL
WIEAS 20 M B A1, 40 s Sh i PS Sh R T DNA
Wrad & A, BRI, R 2R 11 ( Annexin-V )/ BLAL P BE
(PSR A0 5 300 200 i 0 1 SR B vy, 2 T e
Sy FEAR ARSI 40 B PR T4 90 i TUNEL 52 Bk
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RS TAYE SRR A 5T Tk, X 58
BT AN R T A I AZ SR T /MA R T A e 5, BB
YA i S 440 9 T LAY ) A ) Ak S R S AR AE
AT A AMHLY R KRS R BRI
LT DA 2 2 43 B 40 L %) T 25 0 2, 5 T ARG
A R T AN, PRI AR AR T RIS R )
%}Eﬁ[ 0 A, AR S50 1E PRI 25 F1( Annexin-V )/
AL P EC PT)XUFR B M1 TUNEL 4% (0,32 46 10 4T J& 25
JeAh PR A0 M JS R T AR AR AR, S5 SRR R BT e
B e Xt HepG2 4l HA B AR JH T-4EH .

YA A =52 Z2 R 5 A R T 3 R A T 8
e A 5T 40 MRS, SCHkitiE Ras/Raf/MEK/
ERK Fl PI3K-AKT {5538 fi 7 38 o Z2 Fhag 42 40 il 4
T, A 2 i 78 40 i 77 35, Ras/Raf/MEK/ERK
=5 B% 7] 9% EGF . PDGF 1 1L-1 2520 fu 5 1
BT , WTE AL B MEK/ERK 18 B 18 1o 310 98 72 %5 X
Bel-2 SRR MHMA R Ay - . PI3K-AKT {5
5308 % Ak R T VR R RN ) R A R
YRR T, BRI R BN WHE R T- 0T BAD 5
Bel-2 5% Bel-x1 JEBUE 54, 400 b 1A 38 5 0 723
s A R VR 19 18 F £ 2 R B0 PIBK-AKT {5 5 4%
TG AL 5 4 s 5 L F K % W Forkhead . NK-xB Fl
P53 45, i S TR RE S 02 08 T B AR SR AR 0R T 4%
T+ FasL TRAIL TRADD/Bim Bel-6 %5 %54 , T
][] 2 10 98 T AR RN R B R AR T
HepG2 41 L J , 4 il /92 40 L Ras/Raf/ MEK/ERK
A1 PIBK-AKT 15 538 %, 75 5 42 98 77 3% [ ( Bax.
NOXA ,PUMA P53 )ik J BEARIN A 1= 5L H( Bel-2
X-IAP )R 7K -, 14 2042 2 i yes 4 it 0 - 1 H 1
{BE&F )2 % Je 1l VEGFR1-3 .PDGFR . C-Kit .FLT3 FI
RET %534 , Bt Ras/Raf/MEK/ERK F1 PI3K-AKT
F S, WA S T S R ELVE TR
BE S0 TN S S E T n shBb e i Tk
BT SZARP T 3R AR BRI PR T3 4 L P9 T I A
TR KRB IR TR M ARTERE A RRR ARIESE .
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