LRIk -

RS 5 DR 9 5 T A 8 Xz 410 o 5 i 245 B L o) B
ROE

ERE B AV B MEECF RUOIEPESAYELR.EE 3000042 BEEE
REEZRBERAHUHN, L 2004380 BEFEAFS—WRER SR, LiE 200433)

FESES RI65 XEkFRER A
DOI  10.6039/j.issn.1001-0408.2024.10.23

XEHS 1001-0408(2024)10-1280-05

W E BRRBEEEI R A (TKD 69 58 AT mA0E R 5d e T2tk ol T EF S0 k& 4 m0s 77 & -F R B 238
i B BRI 09 KR AT B R 5 B T (HIF) Ak it f 5 8O3 & & 58 TKIA 25, KRSOARHE 72 R A AR K A B
87 Rk BT F oy @ 4 T HIF A5 AT 20 B8 xF TKL 25 69 48 I AUH] , 51 )2 2 &b 25 5 3 50k, A3 2 e R 4 2k TKI & 24 19)
MARBEARF 4RI HIFAE T AL 4405 7 (Je St 5 B AR & L F AT ) TR TR E SRS BE TKIA 25, 5K B e
Vo1 ) ) e TKI 89 34 52 ) (e SRR & A R 22 3E ARG ) 7T A8 T8 B 48 % K ) 89 ¢ AR L) B TKI A 25, i o R 4B 397 )
) (do B4 3] 4 ) 7T A T4 50 THLH) BLE TKI AT 25

KRR T e O s BE AR B I b A 5 it 2h s B B TR T
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ABSTRACT The use of tyrosine kinase inhibitors (TKI) has been an important advance in the systemic treatment of
hepatocellular carcinoma, but their sustained anti-angiogenic therapy leads to increased tumor hypoxia, accelerates the development
of a hypoxic microenvironment and promotes the expressions of hypoxia-inducible factors (HIF), thereby inducing drug resistance
of tumor patients to TKI. This paper summarizes the mechanism of action of HIF mediating TKI resistance in hepatocellular
carcinoma in aspects of metabolic reprogramming, abnormal expressions of cancer and cancer-associated genes, and ferroptosis,
and sorts resistance response strategies to provide reference for clinical solutions to TKI resistance issues. As results show, HIF/
glycolysis axis inhibitors (isoflavonoid genistein, simvastatin, etc.) can improve TKI resistance based on metabolic reprogramming
mechanism; oncogene-targeted inhibitors combined with TKI (the combination of capsaicin and sorafenib) can improve TKI
resistance based on abnormal expression of cancer and cancer-related genes; fatty acid synthase inhibitor (orlistat) can improve TKI
resistance based on ferroptosis mechanism.
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Jo L7 A it AR ) SO B (2 i R 40755 A (hypoxia-
inducible factor, HIF ) ik , 175 B i 35 % TKI i
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phosphofructo-2-kinase/fructose-2, 6-biphosphatase 3,
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FIX HIF-1a 647 2502 R AGAL L, 5 € HIF-1a B G P,
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HIF-1a (334, 7355 5 COFE VLT 2 (hexokinase 2, HK2)
178 %5 B8 5% 12 25 H (glucose transporter type 1, GLUT-1)
FEIRBEIN, NG , AT -T2 HCC 40 x R4k )E
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HFE LSRR JE RIS PR 245 f AT 241, TKT
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PR ik 1) Bt 7 2 52 O S DR HIF A3
1.2 HIFNSHERERXEENRERIE

£ AMP i 1k % 1 34 1 (AMP-activated protein ki-
nase, AMPK ) 5 53 i H1 , AMPK (1) 23 T3 HIF-1a
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A BRI HCC A T R PR JE iU E™ . 7E 22 24705
A2 134 (mitogen-activated protein kinase, MAPK) {55
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i e HIF-20 AR STAE A% 22 2R IA% , s 1L 7Y
J2 H: 4 A F (vascular endothelial growth factor, VEGF ) Fll
i f JE A A 1 DL AR A KO BE A E K I /3R
J% 4= K K ¥ (epidermal growth factor receptor, EGFR) j&
7, NG5 HCC 20 M Xt R P AR JE It 25 P, Ak,
ZIC M BRI FE IR B 1 2 R B AR AR 1 T M 3Rk, AT
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iH 3 EGFR AR A2 E HIF-1/20 263Kk , #E T 2 HCC 41 ity
I JE AU, 7E Wnt/B- 312K 11 (B-catenin) 5
S g rh Bl S R HIF-200 B9 b 3R AT LA IE i) 98 Y
B-catenin FZ3ik , I 1T T 5% b 498 2 20 A L DR K R 3k
M i HCC 4 %o R b7 Al JE B 254 . Fe i 7L 3l
Yy 0 %5 2 K 1 (mammalian target of rapamycin,
mTOR) {5 5 38 #%  , B4 2% 1 HIF /9 L3R, o] 5] &
mTOR H1 p70 AZHEIA S6 Y215 T 18 , 19 i HCC i g
SRS N T 2 (AR e | NSy G N AT S
HCC 41 i ' AMPK . MAPK , Wnt/B-catenin 25 {55 5 1 %
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1.3 HIFH S TIER

BRIET 2 — A P B B 4801 1) 4 it SE T
KRR TR T L AR IET IR i PR EG R
20 A N AR AN P U B R OGRS R st
A i 2 AU DG TR YT I A T LR B S A
HIF & A 5 S48 X 4 B0 17 7 A= 0 1 179 9K sl
F, FER P AR JE T 25 (1) HCC 40 i H | i 5 R 75 i
(fatty acid synthase, FASN) 5 HIF [ 45 &, Al fi¢ ¥ HIF-
Lo (IRZ S E , [) s A HITF- 1o 2 BRASH , MG iz
JR AR K T i 51 11 (solute carrier family 7 member 11,
SLCTALL) BY¥E s I AMHIERFE T, 1M 52 HCC 41 i ™
AT 2P, Gao S FI ] IncRNA T, %578 T —F 55
BRFE T AH 2 IncRNA, B URB1-52 X RNAL(AS1), H:
FEXT R PLAR JE i 24 1) HCC 41 g b 5 v #23 ; HIF-1a 1]
i o O URB1-AST (9 5% 5ok 3 i & i Ak e 17 2 1
HCC AAEARFET . FH I AT 1, HIF (R e F kX% HCC 4
LA ERFE T 2 T IR, BT B HCC 41 M%) TKI
FEAT 21
14 HIF A SREMLH

FEEAL PH 19 %8 HIF 355319 T 250 HA —E
BIVE] o microRNA-16 38 15 14-3-3m 25 11 A9 #0 m) 9,
36 HIF-1oc B9 R A , B8 HIF- 1o 25 FTG M, DA 2F
HCC xR hidk e r=A: 24

WA, 438 AT 3 VR T HIF Sk HCC 40 il
X TR 254 . flan , A ko & R hiEE Je st Sk
JE vl 3@ 1 4 Tat 254 25 1 30( Tat-interacting protein 30,
TIP30) , fié #F I iz - 18] 72 Jii % 1k (epithelial-mesenchymal
transition, EMT) , i 33 HCC 40 g % TKI i 251, 4%
1M HIF-2cc (14 35 2 35 W0 UE BH AT LR 98 TIP30 Jf- i iff
EMT®™, i ] 0, 310 ] HIF-2« (4 %35 ] B 2 1A
TIP30 FRik , ¥l EMT &b 8 , TN i05 5% TKITfit 2, Bel-2
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M H A 1 3(Bcl-2 interacting protein 3, BNIP3)J&—
FPAREA 1Y 8 1, TR B AURE X 323K s HIF 25 i 36k
S20 T BNIP3 i 201 119 F S AR ARt 4 T 2R, DA 7k
BNIP3 & [ 133k , {2 i HCC 4% Z R AR JE iy 3 isvk
it 25%1, 534, HIF-1o il 5 1 6 CAAXL 1Y Ras FE A
i HCC 20 i iy A K G 7%, 1T 580 HCC 4t X%
FradE e 25, Rt Z b, M2 4F E & 1 1 (neuropilin
1, NRP1) 7 il S 45 14 7 AT 9 HIF-1o GF 1] 98 75, JF A
NRP1 AJ 38 o 9% 15 [ W A2 i HCC 4i f xf & £ & Je
Tif 255
2 ETEMBEREHIMIZE R 3T 5k R
IRAFSE R S5 AUESE T B EUSRET HIF 1Y R 3R
ik 5 TKIM 25 2 [H] 1 ¢ 3 , W] HIF XF TKI TG ITRCR
H—E MR, ST 1L, 835 A A OGSk, 27 3L T
SR B R TR 2 1 SR (AR I 1)
FH 2% 1 AT, AR TR G R A T 24 1o Xof 5 s Jr T

i FE HLLE /0 T A 400 ) 590 T A 038 TRUIR YT RO
17 N AR A, WS B IR YR AR R A TR
FARRAIAE . BE T S AR DG I DR S B Gk it
24 [ o SR 7 T, 98 35 PR [ 490 4 700 RT TR A4 BB 10

A BB — P TEMTRTT M , LB 3 ARl e ik
B RS, AN 15 AR S TR — Rl B A
7R M. AN, FASN il 30 B8R ) il 76 1500 2 e

SR PRSP R TR AR R At T T R R R
[f1) HIF- 1o A1 HIF-200 P b IV 52— Folifish 24 157 %o SR s 491
un, 2- H AR SR E AN R AR S B A Y PRk
A, F 259038 750 29 5 8 R L% e B g Tt o b 1) e 4
U2 — B 4 M, 30 3 49 K 2 24 A o e 4R
IS5 DA gt IR e 4, T A R0 IR TR AR 2 1
3 lLa‘—n %EE

i T 25 /& HCCIR YT I H 2N 45, HCC
) H DLARIE 2 — IR P BR HIF J& 2 E 1 N7, OFHE
TKIffi 255 rh B S 2R . HIF 3@ 2 5
T 9 S AR DG BE TR ) S 3K ARAE T IR E W
WAL R AR Z RALE], LS HCC X TN 25 14 & &
H A1, HIF C 8 HCC JRY7 BT 72 1 5, I HL HIF-
Lov/20u S T & il EURH S0 I8 1) 259 119 2L 55 . TKI
5 HIF 0 300 sl A 25 9 367 A4 i B Bz i a4
H ] HIF DARFEARHZR IR AP, BT 4 55 TKI 9724
I, B8 [n] HIF DA e 36 g i S T B A B8 B ol TKT X
HCC it 24 i 1 % 5w . R, TKI 5 HIF #0570 % 259
(I AT 5 22 Fpus RHUASEIG AR 6 3631 HA ik
e ek, BRILZ AN, FE2y B At ik R gt Jr
167, AT S S T B LT 25, O3 T AR 1) 9
JPIETTH T 2% 4 Z YRR AT 40K kL, S HCC
PR Z IR T R

F1 ETEMBEREN TKIMZE R XK RS

% i MR TEAHLH BN
SEFRETREROIA RN FEWLRAZRAER  HCC-LM3 Bel-T4041H; BALB/c/M i AHIHIF-1o mRNA GLUT-1 HK2 5k k&, fexbamioin U
FHRIT R AR HOC-LM 41 BB FHEM HOCLM3 B LM-SRADAE 1V HIF-Le 5k R ARSI st AmAt- 4
ERRRIER Mt N PR 4 HIHIHIF-lo mRNA R 35 SURKE BoRER Bl ]

KEHIEEE BAZHIE  HCC-LM3, SMMC-7721 407 BALB/c LK T HOC-

M PRI ST R DR ML B SR BCRIE- o R (2]

LM34 HE i, ST
R MHCCOTHAMH;BALBYG/M B FHERMHCCOTHARNE I HIF-Doik AINLITE EMIT, (A e m
ETFHREHEERR &% R R HepG2 Huh-7 400 ; MR- Foxn! (i) /NS FH AR3EAMPK T A LR A SRICRHERR L D) S, Al 8]
IR R FiHepG2, Huh- 74811
HIF-2a 4] HepG2, Huh7,SK-Hep-1 411 ; SK-Hep-1 R FRD/I SUERL 0| HIF-Do kA 2 SR B R 2 il [29]
PT-2385+ % HiHE
B-catenin {1 Huh7 PLC/PRE/S 4l 15 B-catenin BN Survivin Cyclin DI Axin2 5K, TR ORI KRN (SR 1 30]
FHSIS+RFER
ETERAMEAT- M BHR R Huh7SR A 772 1SRAN BB AU TR 720SR AN IVHIHIF-le SLCTALL FASN i3k SR B AL AUAAER T 16]
ik FREATRHER HepG AR & R R0 i S i IR S RACE, ft gt di
A H Mkt UL 4 ] SK-Hepl, HepGl. SNU44O 41 J1 5 7 & F 129-Gstzl™™/ IR M TAL R OMEIN T2 ARE H kit L4 20k SR dbAmms e 3]
RSLMZHER CONBC/M,
SEFRMOUHMRRRR P ERAE  HepG2AIHub7 40; BALB/c/NEUE FHEA HU A 400 HIF-Lo HIF-20 B FHAVBL 5 F RISV T VEGE B Rk SR 4B 133]
WEMEERIR Hep3B i 1 HIF-1oc BNIPS 8 135 DL BTGRP LB A Ao 134
RIS MHCCYTHZMH s BALB/e/NEE FAFIMHCCOTHAMNL I HIF-2o E-FAVE 1 N R 1R RUEMT, B35 TIP30 3% (3]
Fe-Len/Adt@EGCGAPKA  Hepal-6-Luc R TR/ TERE RN 5 IR A P 1 ik [36]
NanoMnSor 4K ki HCA-URRFFBERVN SRR PR RSN o S M R 37
PFH@LSLP4 Aok BALB/e/M i M H2 41 1 HIF- o AT ALFRAMAT A I 1 sk, SRR AR 2260 D8 TR [38]
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