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FR 8 % P A 2 JE BX & A0 F7 X BT 2 Hep G 2 48 Al B 4K 51 173 [5]
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(5 M g = B 0T — B, F AR KB 130012)

[ ZE] BE: TP EERAmER (WigEe) AR ITY OU7) X HepG2 40 il ) {4
SMEMFEADSIAE R, BB AR G BT M ML o YR IRANRE IR AT HepG2 40 M, DIAS [R] ik & Bl vy 5 Je Al
(5%) AT X LR AR BR , SR A MT T A I 45 4 40 M v M, 3180 45 200 200 G 34 4 410 ) =5 R o o 5 Je.
20% MHNR B (1C,,) , FFH 8 5 223050 1) X G 2k BT ) 5 . HepG2 4 i 2 M BT &2 Je 41 . 07 4 fn
BT e+ O AL (B L), =X 40 A AG 00 45 2 40 A 08 T S, 40 Sl IR S 56 ARG T 4% 4 40 i ST RS
R, WK G T BB (ELISA) SRR 45 4l 4 i 85 3% LE i & W AE K 7 (VEGF) K-
5B MTTERN, BFTIAE 2B IC,, K 1. 32 pmol- L1, LLIMAE A J5 25 5256 B i 25 Je AE Pk i, e
2 Gy MR SLIC s X ST MG it . 5 Al b, BaTma s Je Mo A0 i i 1= % 22 R g it 2 X
(P>0.05), BAHMMMAT-FTHE (P<<0.05), SxF A, Bk Jedl . oy 40 mEe & 4l 4 i
TR REM (P<<0.05); 5 0lHE: e H R E0T 4 i, B AT R EME (P<<0.05), 55X
R, BTG R JE 2H RIS AN 35 3R B T VEGF KRR (P<<0.05); 5 Bl i 5 Je Fl I 28 L
B, BCAHAEEFE BT VEGE KRR (P<<0.05). S5 B e B4 ey 76 1A 40 w] BY 52 40 4
JiF 3 HepG2 4 38 ¢ FaE £, IR A AR, HAEA T RE S5 MK 4 VEGF 4 A % .
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Synergistic sensitization of apatinib mesylate and radiotherapy
on hepatocarcinoma cells in vitro

YANG Yongjing, KE Tianyang, LIU Shixin, WANG Xue, XU Dequan, LIU Tingting, ZHAO Ling
(Department of Radiation Oncology, Tumor Hospital, Jilin Province, Changchun 130012, China)

ABSTRACT Objective: To discuss the synergistic inhibitory effect of apatinib mesylate (apatinib)
combined with radiotherapy (RT) on the hepatocellular carcinoma (HepG2) cells in vitro, and to clarify its
related antitumor mechanism. Methods: The HepG2 cells were cultured in vitro and treated with different
concentrations of apatinib and/or varying doses of X-rays. MTT method was used to detect the survival
rates of the cells in various groups; the inhibitory rates of cell proliferation and the 20% inhibitory
concentration (IC,,) of apatinib were calculated ; the X-ray irradiation dose for subsequent experiments was
detected. The HepG2 cells were divided into apatinib group, RT group, and apatinib+RT group

(combined group). Flow cytometry was used to detect the apoptotic rates of the cells in various groups;
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wound healing assay was used to detect the migration rates of the cells in various groups; ELISA method
was used to detect the levels of vascular endothelial growth factor (VEGF) in the cell culture supernatant in
various groups. Results: The MTT results showed that the IC,, of apatinib was 1. 32 pmol-L ', and this
concentration was used for subsequent experiments, and the X-ray irradiation dose for the follow-up
experiments was 2 Gy. Compared with control group, the apoptotic rates of the cells in apatinib group and
RT group had no significant differences (P=>0.05), while the apoptotic rate of the cells in combined group
was increased (P<C0.05). Compared with control group, the migration rates of the cells in apatinib group,
RT group, and combined group were decreased (P<C0. 05) ; compared with apatinib group and RT group,
the migration rate of the cells in combined group was decreased (P<C0.05). Compared with control group,
the levels of VEGF in the cell culture supernatant in apatinib group and combined group were decreased
(P<C0.05) ; compared with apatinib and RT group, the level of VEGF in the cell culture supernatant in
combined group was decreased (P<Z0.05). Conclusion: Apatinib combined with radiotherapy significantly
inhibits the proliferation and migration of the HepG2 cells in vitro and induces the apoptosis; its effect may

be related to the inhibition of VEGF secretion by cells.
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JF 4n Bfd %% (hepatocellular carcinoma, HCC)
SEERE A OCIE T Bl W R N 22—, © A e %
PEME WSS 207 . T HCC BRI E , 24
HCC AR R LT R, HIBIT Ik
AR, JEAE R HCC 3R Y7 s b Jf & s 30 1 1997
BT BRYY GBUT ) RIRYT HCC A L
FBZ—, $m HCC X7 0y 8O ME m R i IR
TR RO ) — o BETANEEAR T ] SRR PR I
IR Y IESE s BT BCA BB R BT e (BT
Be) "MHFATIIRHCC BEMIRIY, HMWHE
155 17 HH %) R5CR FAE FH AL v 5 ik — D90 . A0t
SE RSN S, PR I I B e B A T R
JH- 958 HepG2 40 ML A 38 20 VE 1T, S HCC RS HEVR IT
FEHERTATIE T %

1 RS 7%

1.1 @@ . 2&2XAFNE A HepG2 4 i
W 8 RkGE b A . BTA A JE SRR R Hh VLR
18 i B2 245 I 0 A7 BR 2 ") 4R 4k o JIG AR v (fetal
FBS) M1 H 2% [ Gibco & # ,
DMEM & B 55 9% 4k | #8322 W (phosphate
buffer solution, PBS). 7 % & - % Z M 0. 2570 [k
E A B [ 3% Hyclone 23 &, WMEMEEE [3- (4,
5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium
MTT] # = B 4k W B (dimethyl

DMSO) W A b &m0 4 B 2 #,
Annexin V -FITC/PL TR0 &0 A 56 [E BD 2>
Al I N A K (vascular endothelial growth

bovine serum,

bromide,

sulfoxide ,

factor, VEGF) #z il 7] & 0 H 32 E R&.D 2 # .
CO B4 W H H A& Thermo 24 &, Wellscan Mk3
iti A7 A ) 35 [E Thermo 24w, Calibur i 2 41 g {X
[ 2 E BD AR, DMI3000 7 56 5 i i 1[4 7
FRAT .

1.2 @3t  HepG2 418 % H DMEM & Bl 8%
PRI (F10% KIEMHEMEM1Y FHEAEER)
BT 37°C. 50 CO MR IR, Rk 3] 9020
B R AT AR IR

1.3 MTT##ANRRARN ZFAMHERLEFRRRN
FEXHEBHE S AmEIGEE R WCEBUE
3 20 B I 9 3% Sk 5 10° mLL ! 85 3 A 40 R
FEFP T 96 FL B TR o 48 L G BE S5 in A DMEM
Br R BB BT e, LR E SR 0L 1.
2. 4. 8. 16 F132 pmol-L "5 MBS &&1F. i H
S B A RO, S IR 6MV-X S 2, U R R
100 em, MREFIEDH MO, 1. 2, 4H8 Gy, KH
MTT ¥ £ U 490 nm ¥ 4 b #5 20 48 it WO 2 (A)
(B, VR BB I R . ARG B B = (R
TR A(E — SCE0 L A ) /XTHRZE A X 100%, Jf
THE 20% M ¥ B (20% inhibitory concentration,
ICy) . JF LA TC, A Sy BT i 8 Je ¥k B2 i A7 Je 22 5 o
HepG2 4}l 43y xf BEAH . Bl 2 Je 41 . AN ) 5] 4
(1. 214 Gy) BT HMBEAGH (FIAERE +1,
2M 4 Gy BUITAL) , 5 & 20 40 M3 58 4 ) %, o
JE JE LS T R i

1.4 AXmBAREMNLSAmPATE HepG2 4l
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Moo %t B4 . BTIARR R4 . O AL MBS AL, B
F2 48 h g W AE & A X BUE KA, PBS 28 vh i
YeU 2 WA, fn A AnnexinV-FITC Al PI1 4% 5 plL,
% ik OGIE F 15 min, L HLET A 1XBinding
Buffer 400 pL, 1 h N R 3 =X 40 M A A I 45 21
20 MR T, W gE 20 000 40 HE AT e . AR i
Kb ok e gl o Xk RO T 40 i
Vo +/PI— ) OB B M g
(Annexin V +/PI+), IWHASKSHMBE TR, 40
I8 1 23R = L A0 i Y T R A e A R TR

1.5 fmpXRRBhniamptsdt QEH
LU “1.47 0 RIS 0. 5% I i 15 37 3 15 77 45 41 4N
JitL, A 6 FL AR A RS 57 Ak b R 10 L WSk &) 1 % 2 B
2, PBSZEMIRE VA NG BEAN M . 7E WA T
e O 24 h i 40 ML iEAS BE 85, 35 45 41 4 i
TR, MERRE= (0hWJRTEE — 24 hiJE
FERE) /O h KRR 58 X 100% . L EE 3K,

1.6 B ¥ % % & W X B (enzymelinked
immunosorbent assay, ELISA) i #& @ & 48 29 gl 3
HEFFVEGFAFE HESaN “1.47, fEC
1 52 I AL H I AR B S R ARG AE i S bR T i 4% 50 pl,
37°CWE 1h, RAGKRBIER 2K 5N
rh 3 900 ACHR S ) B9 B AR BT AR 100 pl, 37 CHEE
30 min, 50 pL ISP 0, W F 20 minJ5 in A%

( Annexin

1B, 57 BIFE AR A R T 450 nm K A A fE
R mbrErh 2, T18H VEGE K,

1.7 %t %454 R SPSS17.0 8 i F s 17
Giit 23 M1, SR Graph Prism 5. 0 84 #R 4 %5 42
(CS I et U L RS e SN DB 7
RO M 35 3% B3 B VEGF 7K 48 1F 257 46 56 1
P IERM T, Vlats o, ZHBREARLE
KRR 7 2200, AL R FE A S50 G EL 3R
LSD-2K: 5. LI P<<0.05 W ZER A GIT¥%E X,

2 5 R

2.1 Bump¥awaE AFEWKE (00 1. 2,
4. 8. 16 #0132 pmol-L ") BIffi%s Je /E H HepG2 4
48 h)5, 50 pmol-L "M edltbi, 2. 4.
8. 16 132 pmol- 1.~ Fafibf1 4 J& 25 20 Jia 3 4 52 7] 4K
WAL (P<<0.01) (I 1A) . b T 8 gy &t
HepG2 4 il e fFEM IR &, 045 700 1. 2. 40
8 Gy X BTk IR, 50 Gy yrditbix, 2. 440
8 Gy Wy £ 240 i ¥ 1 2 ) AR MR R IR (P<<0. 01)
(EI1B) . 48 hiFBTMaEs Je i 1C, fH M 1. 32 pmol-L Y,
PLZWEBAARFE (1. 2 /M4 Gy) U7 1T
BEAA I, RER: MIEREKE 2 Gy UT4A
2 i 3G 5 A0 ) R S o T BT R e R 2 Gy T
20 (P<<0.058¢ P<<0.01), #LL2 Gy N5
T A (E11C),

1.5
G~
o
£= 1.0
< = -
2 2 - + B
[ < =0 H
> > 85 H
< < 22 05
=] H
£ A 1 F H
0 " L L L L ) L " L ) 0 .A S .A S . S
0 1 2 4 8§ 16 32 0 1 2 4 8 . f\\g\é@\z@v . ?:’\\g@@g@@‘? g %&%&&é@
. ~ SRS SFO Ore
Apatinib[cy/(umol-L™")] Dose(D/Gy) \Cﬁ\%ﬂ@ @C%%*@ &0‘5:&8@
A A S Al
A B ‘bf&so (b{\&o ,A\\‘&o
o o »e

A Effects of different concentrations of apatinib on HepG2 cell proliferation("P<C0.01 vs O pmol-1.~" apatinib group) ; B: Inhibitory effects

of X-ray with different doses on HepG2 cells ("P<C0.01 vs 0 Gy radiotherapy group) ; C: Inhibitory effects of apatinib combined with X-ray

with different doses on HepG2 cell proliferation ("P<C0.01 vs apatinib group;~P<C0.05 vs 2 Gy radiotherapy group).

B B RE B AEOT X HepG 2 4 MO 36 78 4 30 4 F

Fig. 1

2.2 HummpeATE LM HepG24iMi 48 h 5,
XFHEZH . BTAR JE 4 . T AR A R T
gy Bl A (2.54+0.62) % . (3.784+0.91) % .
(3.1240.55) %M (12.514+3.74) %, &40 H

Inhibitory effects of apatinib and radiotherapy on proliferation of HepG2 cells

MPHT R R ZE R A Gt E L (F=16.64, P<
0.05) . XM Lh#e, Bl 2 Je 4 0k o7 20 40
HTRERESEITFE XL (P>0.05), BA A4
M TR T E (P<<0.05). WL 2,
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A':Control group; B:Apatinib group;C: Radiotherapy group; D: Combination group.
B2 oS4 M ARG 0 2% 2 4 O T

Fig. 2 Apoptotic rates of cells in various groups detected by flow cytometry

2.3 RuAmpEHE HPRHIELIRLE R TR
HXHMPWEBERILELBRLESARIT¥E X (F=
29.10, P<C0.05), SxFma4l (59.33% +6.02%)

=

P, BUmAEs e . MOy A RTER & 4L 40 T AR R

(35.67%+4.51%. 36.33% +4.04% F122.33% +
4.93%) AR (P<<0.05); 5 BTma#s e fr 4
P, HE G 4 M AT B R BEAR (P <<0.05),
UL 3.

A—D: O0h; E—H: 24 h; A,E:Control group; B,F: Apatinib group; C,G: Radiotherapy group; D,H: Combination group.
B3 o B R R S T T 4% 4 40 L T A 1 e ( < 200)
Fig. 3 Migration of cells in various groups detected by cell wound assay (X 200)

2.4 BuampiibF T VEGFARF £44000
Bigt LW VEGF KPR E R A G E XL (F=
17.78, P<C0.01), 54l b, BymhEs e 4 M
BX A 41 40 0 K5 3% 135 b VEGF K BEE (P<
0.05), BUTHAMMEE:FE L+ VEGF K V25T
Geit B X (P>0.05); 5 Balip s Je # 7 4
B, BREHMMEEFR B VEGF KPR (P<
0.05), W#E1.

W

WO AR HCC HE B R ikin sy FBZ—, 5
HLIE IR TT RPN S 2 MR T ke, s
HCC B #F R BUR . H AT —Z3h 77 HCC By )
YA RN AR R M e, Holk R 2832 IR T

3

1 KUAMMEREF EFD VEGFKF
Tab. 1 Levels of VEGF in cell supernatant in various groups

[n=3,2%s,p,/(ngL.7H)]

Group VEGF
Control 643.667+90.666
Apatinib 416.666+61.592"

617.666470.946
287.667448.43974*

Radiotherapy

Combination

'P<C0.05 compared with control group; “P<C0.05 compared
apatinib group; “P<C0.05 compared with radiotherapy group.

Z R o BT e AE M IR A 0T A RN 4y
F b & AR A R BB B R (tyrosine
kinase inhibitors, TKI), W & & 6 £ 45 & 33 i
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I 45 P R 4 i A K P 32 4k 2 (vascular endothelial
growth factor receptor 2, VEGFR2), i 41 i fif
Jed LA A R TR Al K L AR R IF Y T
N TSP A R 2 ) B U RIE A, REg R
e O R ARCR L LA A= 24 ) T A R il 4 AR
B, fE R N R R L, s = A, 2R
TSR B A R, D I 7 2 JA) AT R
FEAEDM R RN o AFF5E " Wow . BT ARR e nl 4t K i
197 g AR R Y B AR AR, ELRE Y R B R R
B U 19 HOT U . LIANG % " B R oF
A2 1] JH AlUIYT (stereotactic ablative radiotherapy,
SABR) 14 ] Fy 5 e AT ik 3 A it 90 G 92 4 i
WO IR O B, A RG] K SABR I T 1Y I BB AL
NE o PR Il 4 2 ) 5 T B R RE R IR R T
W Rz —, HREGERPILRE A, W
20 M A B R SRR A L R R o A A e R A B
— 350 I 3 0 AR S S A 5 S - BT R e mT
WY 80 52 3 IR T I HCC 3 19 S A= A7 48,
HeAgz e 5 o BaTma g Je Bk G Oy 72 iR 7 vhal
REELAT U M) SO . B 2 o BT e Bk
G I SR CIT IR 9T R R U BR /4 I B Bk Ak 9T R 2E
(transcatheter arterial chemoembolization, TACE)
FPRCAER HCC B % BA B W ACE o 1 W iH e
A JH SR BT IR T A AT BR HCC 83 1Y T W IR
R OR FH 3 3 s i B, AR B
JE 250 mg Bk & ¥ 58 36 JE iy (intensity-modulated
radiation therapy, IMRT) /7 AR YIBE HCC, 7F
B F B JE A IMRT iR 7 A il ) Bk HCC MR 1
G RIS e, W TG IR YT O R I IR YT R
Fz 2, HCC 3 6 F1 124 H i 8 AR A7 5% 45 5
H96.7% Ml 66.2%, %K W % fi# % (objective
response rate, ORR) % 5 % #il %X (disease
control rate, DCR) 435~ 15.1% F181.8%, 3~
AR HEA BRI KA R 12, 1%, Jo e v ik
IS RENE, RUIBTIAE RIS IMRT "] k3% HCC
BA NI B AELE (progression free survival, PFS)
FHMDCR, ZA2En#%Z . QING ™ HFFLuEsk
IMRT I & Bl i %5 JE B AT R 3 009 97 880RN T 52 22 42
£, & TACEJTRCAERM A AT YIBR HCC M % 17
TEVRIT HEHE . B R A 24 35 T b DG T iy R0 By i %
JERE & B e iR T 0 HCC IF % 171 0 ik i 2 1 2 A9 A7
RO R A YL — TR I 2 rpon BIF Y OE 7E
Frep U R A SABR B i B JE BX

A R S R R PTIR YT HCC WA &M fn e e, H
S5 0] e O I T — B AR ME— IR TT T R

ABESESE R B B JE mT S ) 4
il B9 HepG2 4N i 3 51, 5 EMYLE " B4 e
—H, HAFGEUESE BT e Al i 22 R AE -
il 98 200 L P 1 5, AS B 5E S2 B R IR T
X HepG2 24 Ji 3% e ) 400 1 4 FH S 0 & o

P A A B2 ) e W S O A B R E
HAEFHPLHI R - Be a8 A 1525 9 v s 40 1 o 5 1k
R T I AR s LA P AR K T2 4K (vascular
endothelial growth factor receptor, VEGFR) I i
FIATHNE VEGE, 38 o 3 544 SO IR 40 ff A2 M AE T 1
23R, U ES T SR Y BTN . BT 2
F2 3 i B W VEGF 185 i 156 LR 3-J il / 25 F1
fif B  ( phosphatidylinositide  3-kinases/protein
kinase B, PISK/AKT) {55 i i 410 il % 4 Js 1y
T, REMMAEAR . AUEas LN B
M & e (1.32 pmol-L ") i J7F (2 Gy) Xt
HepG2 40 g 8 72 JC B W5 ), (HI5¢ & 18 s 40 g
MR T m, SRS Y X4 a0 i ) i 5T 2
R —2, R IFAT e KA 0T AT B AR A
HuiEA8hEds, S HSU% ™ MIMEUER % ™ 76 3k 5
g b R B ST A R — B WA Y Wow . BT
Je Xt JF 98 A0 B 1 I AE S VEGE Rk % .
HCC J& — Fl i 8 1) VEGFR 5 2 35 9 8 1004 24 i
T, bR I AE A AR T R R L K R N R i
WHEFRMEASK ™, VEGF MIEF 48 E Al
(matrix metalloproteinases, MMPs) ik 0l £¢ #f fif
M AE A A ROREE RS Y, BEARE R SY Y R .
VEGF {5 5 i #% e #F P9 B2 40 i o MMPs 800 -
A U BT b A e B S T X I 9 Hep G2 48 M 9 14
Sh U [ 15 VR H AT fig 5 VEGE 43 W 8 40 i A ¢ o
CHEN 4§ ™ BF5x & B . Bl 5 Je %t 1 iz I o 5% 4k
(epithelial-mesenchymal transition, EMT) Fl i &
KA A AR AT BE S An i Ah T R B B
(extracellular regulated protein kinases, ERK)-VEGF/
H 4 R E A B9 (matrix metalloproteinases 9,
MMP9) 55 HA K. HETCADIT ™ T
AR AT BeAN, ABESE T BN BT e e
HCC v HA 7 8% 800 B9 VE T, 1l PISK/AKT {5
530 B AE A S BT A S B T G b R OGS

g B RTIER, BTA A JE KA T AE A A T I e 41
il JF 988 HepG2 20 I3 58 FiT 4, IR 40 o,



1014 TR 224 (BE 2 i)

B50% AW 202447 H

HAEFBLUE AT BS540 5 40 VEGFE 20 WA 56

EE T AE A
BT A 7S WA AR 25 5%
EE TR

Wk 2 S5EE BT . S B R ANE SCIR S
RIS GELBBAE . BB EMGE 200, NEHESS
PR B ML B R ], TS50 m Bk s %
SCHRER R, VR PEAUAN X 05 05 5 15 52 00 130 1 A R Wi B B B
I 2 5UFFE BT S0 P 4 i AE SO AL

(&% 30k ]

[1] CHEN W, ZHENG R, BAADE P D, et al. Cancer
statistics in China, 2015[J]. Ca A Cancer J Clin, 2016,
66(2):115-132.

[2] WANG H, ZHU X, ZHAO Y, et al. Phase 1 trial of
apatinib combined with intensity-modulated radiotherapy
in unresectable hepatocellular carcinoma [J]. BMC
Cancer, 2022, 22(1):771.

[3] QIU H, KE S, CAI G, et al. An exploratory clinical
trial of apatinib combined with intensity-modulated
radiation therapy for patients with unresectable
hepatocellular carcinomal[ J]. Cancer Med, 2023 ,12(1):
213-222.

[4] LIU X, LUO J, ZHANG L, et al. SIB-IMRT
combined with apatinib for unresectable hepatocellular
carcinoma in patients with poor response to transarterial
chemoembolization[J]. Clin Res Hepatol Gastroenterol,
2022 ,46(6):101897.

DVORAK H F. Tumor stroma, tumor blood vessels,

—
w1
[

and antiangiogenesis therapy[J]. Cancer J, 2015,21(4) :
237-243.

[6] RIM C H, SEONG J. Application of radiotherapy for
hepatocellular carcinoma in current clinical practice
guidelines[J]. Radiat Oncol J, 2016 Sep; 34(3):
160-167.

[7] JIANG S, ZHOU Y, ZOU L, et al. Low- dose
Apatinib promotes vascular normalization and hypoxia
reduction and sensitizes radiotherapy in lung cancer [J].
Cancer Med, 2023, 12(4): 4434-4445.

(8] WhAfeE, ZkE, £ Bk, B AR AR WA 2 Je i oF 52 AR
SHERELT]. I R R 25 2% 3, 2017, 22(4) : 345-356.

(9] #h 3E, b, VRGO, 5. BTMR & JE X & 4
Kysel150 4 A i 5 ok vk 52 ma i S2 3 pF9E [T]. AR
GhERa S B 42, 2017, 37(11) : 805-809.

L10T X 5, Bk 3C. BT ibf 2 J2 Bk A 7 X Hela 48 i J&] 39
FJH TR i RSN E [T ). BBE R R 2741, 2018,
53 (1): 55-58.

[11]LIANG L J, HU C X, WEN Y X, et al. Apatinib
combined with local irradiation leads to systemic tumor
control via reversal of immunosuppressive tumor
microenvironment in lung cancer[J]. Cancer Res Treat,
2020,52(2) :406-418.

[12] QIN S, LI Q, GU S, et al. Apatinib as second-line or
later therapy in patients with advanced hepatocellular
carcinoma (AHELP): a multicentre, double-blind,
randomised, placebo-controlled, phase 3 trial[ J]. Lancet
Gastroenterol Hepatol, 2021,6(7) :559-568.

[13] BRAEFL, L Jal, sl 8, . 4020 i 2 Ok 2 1T 8l ik
A7 A ZE R T IR 5 JE 1R 97 S T DT BR T Je — 208
oS i A BR BT AR 22 A P AR SOME 23 B LT T i PR AR
JRER , 2023, 39(4): 834-842.

[14]HU Y, QIN T, LI S, et al. Efficacy and safety of
SBRT combined with Camrelizumab and Apatinib in
HCC patients with PVTT: Study protocol of a
randomized controlled trial[J]. Front Oncol, 2020,
26(10):1589.

[15] 23480, wHBed, MRERAE. B f R e ol I 4 it 3% 5 A
TR RE TS AT S [T ], v [0 R 25 B2 2%k, 2016,
32(15):1422-1424.

[16] QI X, YANG M, MA L, et al. Synergizing sunitinib
and radiofrequency ablation to treat hepatocellular cancer
by triggering the antitumor immune response[J].
J Immunother Cancer, 2020, 8(2):e001038.

[17]SONG J, GUAN Z, SONG C, et al. Apatinib
suppresses the migration, invasion and angiogenesis of
hepatocellular carcinoma cells by blocking VEGF and
PI3K/AKT signaling pathways [J]. Mol Med Rep,
2021,23(6):429.

(18] =&, £ &, smRE, 4. H R BT e X 45
JiE HCT-116 200 598 i 9400 8 46 B HLALARI [T ). R 7 B
FER 2241 , 2017, 3: 367-372

[19]HSU H W, GRIDLEY D S, KIM P D, et al. Linifanib
(ABT-869) enhance radiosensitivity of head and neck
squamous cell carcinoma cells[J]. Oral Oncol, 2013,
49(6): 591-597.

[20] METJER T W, KAANDERS J H, SPAN P N, et al.

HIF-1, and
metabolism to improve radiotherapy effcacy [J]. Clin
Cancer Res, 2012, 18(20): 5585-5594.

(211 —, &M% . KH AR e 5 B0 da & e xk A
SMMC-7721 4fi B i) 40 il 75 F Le 8 [T]. op AR o 3 Roig
B2, 2017, 5(12): 681-684.

[22] LIN D, WU J. Hypoxia inducible factor in hepatocellular

World ]

Targeting  hypoxia, tumor  glucose

therapeutic  target [J].
Gastroenterol, 2015,21(42): 12171-12178.

carcinoma: A



Wk e, S W IR 2 A T % HepG 2 40 Ji i 145 41 b 15 1 4807 1015

[23] NG E W, SHIMA D T, CALIAS P, et al. Pegaptanib, [26] ZHANG H H, ZHANG Y, CHENG Y N, et al.

a targeted anti-VEGF aptamer for ocular vascular Metformin incombination with curcumin inhibits the
disease[J]. Nat Rev Drug Discov, 2006, 5(2): 123-132. growth, metastasis, and angiogenesis of hepatocellular

[24] BROWN DM, REGILLO CD. Anti-VEGF agents in carcinoma in vitro and in vivo[J]. Mol Carcinog, 2018,
the treatment of neovascular age-related macular 57(1):44-56.

degeneration: applying clinical trial results to the [27]LIAO J, JIN H, LI S, et al. Apatinib potentiates

treatment of everyday patients [J]. Am J Ophthalmol, irradiation effect via suppressing PI3K/AKT signaling

2007, 144(4):627-37. pathway in hepatocellular carcinoma [J]. J Exp Clin
[25] CHEN Y, CHEN X, DING X, et al. Afatinib, an Cancer Res, 2019,38(1) :454.

EGFR inhibitor, decreases EMT and tumorigenesis of [28] RN, ¥FWeds, Wl NALEERI A - 3L, 5. T 40

Huh-7 cells by regulating the ERK-VEGEF/MMP9 GBI OF IR R LT ] I R AR 2= ik, 2023, 39(5):

signaling pathway[J]. Mol Med Rep, 2019, 20(4): 1197-1203.

3317-3325.



