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Research progress of HIF-1« in tumor biological function
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Abstract Hypoxia inducible factor-lac (HIF-1a) is a key transeription factor in cancer progression and
an important target for cancer-targeted therapy and its activity depends on the presence or absence of
oxygen. In an aerobic environment, HIF-la is completely inactivated and degraded through the ubiquitin-
proteasome pathway. On the contrary, in hypoxic environments, HIF-la accumulates in the nucleus and
subsequently upregulates several genes related to cancer progression. HIF-1a is highly expressed in various

types of tumor tissues, and its overexpression, along with downstream genes, supports cancer progression
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through various mechanisms such as vascular mimicry, glycolysis, invasion, migration, immune escape,

and tumor drug resistance. Targeting HIF-low and its downstream signaling molecules can regulate the

development and progression of cancer. Therefore, regulating HIF-1 o, mRNA , and protein levels become

new pathways for inhibiting cancer. Considering targeted therapy against HIF-la and related pathway

regulatory factors may become a new therapeutic approach for various malignant tumors, so this article

reviews the role of HIF-1a in tumor cell biology and the mechanisms of related drugs.

Keywords: HIF-1a; tumor; biological functions

B4 75 3 -1 (hypoxia inducible factor 1-a,
HIF-1a ) j2— MR A SR T B 5 Sk H 7 6 F
i 0 R AT SR A v i A AR R R B
MITER] . HIF-1o BOFE e TR B vh 2 A A7 TR 4R
FERFE AT HIF-1a 2807 - A AR 7T
Reff, SEOLWE Mk . SR, AR AR S A BE | HIF-
Lo SREG 1 3Kl Aot | % A% B 200 A - S0 A G O 1
S R 0 R R R AN R 2 HIF-
Voo B HC H bR R 3 B 00, 2 08 9 3 ok 45 P L
i, A AT B AR PR RG 5 W T A D0 R | fe g
MBI ANIG SRR T 240 A5 R e, R ) P
HIF- 1o 7EME 9 AE )27 D BE , SR BRAZ T I HIF-
Voo 176 P LA 53 I8 P9 24 0, T D 0% oo A R g™
AR E MG R L, % T, A SCERAR HIF-1a
FE MR v e T2 B LR AE W 2 T e A G 2
Y,

1 HIF-1a &S5 ThEE

BsEA G TR — PR R AIREE B A R
KT, SRR o W87 (HIF-1a HIF-2a HIF-
3o ) FNZE A W BA A (HIF-1B) /75 3 b 2 IR i s 8 7R
FICARNT) 4" | J5 3 #E SE0K P IR I RUE A2 AR T
frf, HIF-lo 19335 FE M 32 21 R & 2 0 B
PAFE TR AR 5 R 3 M A2 #) HIF-1a 13207
P52 HIF-Loo 1A SRR e o ik 45 Ay 1) 79 4 il 22
i 5% ik 1) 0 A R — A 1 22 R B 6 1) 2 T A, 2 fi
RIS pVHL E3 JEHREE G4 &, Nl gz
ZE AR S HIF-1a R, i, 6%
AT M B HIF-1a AR GK, SR, 7E/R 4R
FAET XA A2 2], 5 s R an
cAMP [ Je 445 & 8 1 (CREB) /p300 #H E.AEH,

FEHIF-1o f2E IR RTEA N, K5 55 HIF-1B
545 UG R HIF-1 5% SR, 910815 $E 58 X Y
FkP ) HIF-1a BB B O (2 0 — 2 51 56 X Y
ZRIk S LAE N B2 AR K A F (vascular endothelial
growth factor, VEGF ) | £1 4l i /£ il & ( erythropoietin,
EPO) FIZZ R U0 L R 10 26 35 PR 2 5 945 4 it
SHIE AR BE (38 M R . VEGF i it 1 5
T, WG SR ZH 2L M AR 1 5 EPO £ 20 26 i, 2
1o L VR 11 A AT R 7 T Tl PR 1y e 2% £t 4
A GG i 0 A 0 Bk AR AR R, HIF-1ac 76 g 2E W) 2
Yy hE Hr o T A A e 3 I AR AR A
AR AR S bR A A RAE G, ER, P b
AR R AL S BUR IR X
B, TG A b Je A A S RO A . 7R X BB 1T
X, HIF- 1o 9 R 0T 42 2 il st — 25 % 8, 3
IR A AR 22 M RN RS T 0y, A HIF- 1o 38 RE A
3 AT R 20 BT AT R T ) R S e ik e Y
WIFRCR . T HIF-1o 278 iR 22 7 v i G B X
A1, E AR IR YT 1 — TR

2 HIF-1a FEMEEYFThEE R HI1ER
2.1 HIF-1o {2 B MSR B

IM45 8L 25 (vasculogenic mimicry , VM) 2% 204K
AN A KRR i st R . 7EX — s fE
i IEE 240 AR AN 2 3 e e I PN R A O L 7 A
J5 =2, T LA IS 45 44, T8 b 1 A8 ) 3
L ORIV N R SR, P s ) A
AP () DR S 3 o R i I 4 LS
F- B i S AR -7 % (periodic acid-Schiff, PAS) 4t
b, CD31 FAMR % e . XL B KT R
FIR I RN B & B A S AR AR

- 35 .



%34 i

%37 %

AR 2R I 0 e T T R L, HIF-1ac 76 5 F2 h
RIFEROAER e B A8 By P R g, HIF-1ae 32
AR Y S T, HIF-la B9 S 245 1 3R 5
CREB %548 H/p300 EH30E N FHEAEH 5
B VLTRSS A, 1 R A A B HE P 5 O A
A AT PR 3R 3R A, 5 | R AR 538 B 1 O . R
5 HIF-1 o Y8R R % 538 ofF o983 40 e 58 780 & A= T4 B2
SeAk, MR A US T IR B, 3K S 457 T Sy i g $it
DA T B F5 43 RV, [ IS S e 968 240 i 1) dzc ek
R Tam I, LIU 451 B o0 45 5 R A, 16 1 4
Jiforp , miR-138-5p #0L[] HIF-1a, 39435 HIF-1ac 101
BHNEAKKEF A WRE, E3F 0SS H#HR,
SAHA 45 SR 25 R 78 11 s bR 40 g v, 5
F RN S AZ U R, 38 5 T 34 HIF-1a/EphA2/
Laminin-5 > 38 ¥% i %% 1 2EAR 075 09 1 i IR 20
g v A HARS AT 1

Bl AL IR A, & B 2 25 Y # B
T M A8 LS 0 T B, A 4 2 B G M LAY
ZONG A5 BF7x 45 e Fe W 30 3k 00 ) e SR 45 1 T 285
EL % T ) ROS/HIF-1o/ MMP2 38 1, 25 it 7 %
EEA A A5 25 s i A LA RIS
FIAT AR Sk 400 ) N &5 T P 9 1 55 H S T L IR T
. GENG S5 BFsx 4 SR W, 7 18 BE Mg m ad 985
Wnt5a/CaMK I {5 53 % , FE I Eph 320K s 20 B2 ik
FIGEHE 11 EphA LI 45 P 2 45 4R 6 1 26 B 2 A
(vascular endothelial cadherin, VE-cadherin) A Z2iA7K
S, AT 11 1) S 2 308 ) 4 LS TE B, ZHU 45
WFFE 25 SR e B | 55 A T 21 25 3 3 B T 4ot 4 e 98 40
ffir PI3K/ Akt/mTOR {5553 i, BH 1k 5 5 B 20 e
M BTE R, HIF-To 75 1L 400258 A 9 1
FABLEIIE 1 FiR

B 1 HIF-lo EOEPGSFEFRERNLEH

2.2 HIF-1a 3852 PRI HEREAE
IEHASUKT T, 400 32 200 5 A A B R Ak ™
ARERE, SR, TEMRAECARIE T (R RS ) R
PR AL 14 55 3R AR, 200 M 5% T4 RSORRE T8 fe of 7= 2
REHE . HIF-lo 73K > ad 7 ke B S A1 0, 71K
SESRAET  HIF-1a B27E IF AR R, SR 5 56 76 21 4 I 4
S 2 RE N B A 2 S 5 W g AR
{14 S B il 1B 11, a0 7] 26 W I o 1 R L R <
Ao TSP PR R N, A A 00 X ) 45 B

.36 -

R I 7 1) R 2 7= W R TR R s Ak o LR L 3l
TR 5 2, HIF-1oc £ 3015 12 A 1 o 2, 65 B 4 i
AR A R AR N AR, X PP QI g 2
Z P9 20 JfL () R AE 22—, FR O < Warburg R0 ", 7
AR, B AE 78 2 i S SRR T, e 4 s
65T 1)~ 308 o Rl AR R ™ A B A 2 B R AR R
TEBE IR Ak g A2, 3 FiA 3 ek A28 A Bl 1 ok 988 44t L ekt
WgE A . FENG 25 BFIE 45 R 0T, FEAK HIF-
la/PPAR-y/PKM2 &3k, Al 41 il T 45 41 B % 4Rk 1



%34

JE MRS HIF-1a £ M5 £ 0 5 T e P 09 AT Uit R

%37 %

fifk, AT J80C 0% 988 4 ke R IR Je I U R %
[, PKM2 mRNA [ m5C B HIF-1a 193
iK,HIF-1o 5 33 3015 Aly/REF H 10 R 7, FJH 7 R
PR Ui L PR 57 #4 T M2 ( Pyruvate Kinase M2, PKM2)
Feik R IE e 1 BEREAR T PENG 451 ST 45
B | 22 P9 5842 B A0 61 AT 9 IR Hh PRKP A 51
BEEZ %, /0 Smad3 5 HIF-1a LR B3 TS,
M ] HIF-Too B e ST , BEAIR PFKP (1) Kk
RENAYT BTSRRI RBER
2.3 HIF-1a FHEMENEZTH

|- Jz- 18158 i AL, ( epithelial-mesenchymal transition,,
EMT) 2 /M6 40 B AR 1542 28 R 76 5 7 1 B A0 9K
&N T AN R S R U U
HIF- Lo 2o 4% 5% 00 TG 22 Bl i ) TR 7, 2 Twiist il
Snail , fEi#f b -l FE LAt 2, HIF-1o i@ 2 F 7
K4 )8 45 4 5 ( matrix metalloproteinases, MMPs ) |
S0 MMP-2 Fll MMP-9 () 3235 , 12 1F 41 Jif &0 3
R A ik, DT Ay b R 200 M f) £ 2 4R aE T
AN, HIF- 1o 38 ] B B 0 2T 2 3% 132 85 1 0 D 2 1 e
HERIRE B0 B, BT Rho F5E GTP B (415540 1,
AT AN AR T 2SR G2 Bl BE 7, 2 I 9 S 40 0 5 A
eI, HIF-1o i id 5 PI3K/ Akt 22 54 J5 % fL
F1 3% ( mitogen activated protein kinase , MAPK ) %53
A ELAE R, I8 200 M) i SR 5 114 3 7, i 3 ek g
IR RS | HIF-1o 33 8 miR-210 % 5%,
5 M 1] 00 9 V960 B AR T 1 (vacuole membrane
protein 1, VMP1) I3k, A4 45 5 i vh 4T 4e 20
MR A2 ZHOU %5120 B gt 28 S 3 W | i
ZIAE F M 2 R miR-320 7E B 9 40 Hp i) 38 8 ok
fik KLFS Fl HIF-1a (92235, #0461 B 40 2 B 12
7%, CHENG S5 AR oE 25 R B, 1 5% 2 030 1o 40
i} HIF-1o/ VEGF {55 538 #% , 9~ 9% Akt Fl mTOR 5%
PR 11 9 1 A 7K -, 400 o 9 A0 B Y S B 1R 2B
LAN %512 F 58 25 S 3 B, FH A Bz 25 4 2401 1A R0 4
fitL, % BRHLREE /K N A1 T 98 HIF-1ae, VEGF . MMP-2
1 MMP-9 S5 PRt ek, 20 1400 o) A PR 9 4 L 1)
TR,
2.4 HIF-1a Z#HFHRERIE

ifrEg g2 il e A2 R e 2 R T I 11

PR, 2 R DR Ay el 4 b 1) ) M R T B A 1
( programmed death-ligand 1,PD-L1) 5558 40 g - Y
TRFEMIET - 1 1 ( programmed death-1,PD-1) A1
YEF, 5 S50 9 40 Bf 26 3Rk T R R SR WA
HIF- Lo 7E e 114 e 92 106 3 B vh K #5226 dE 22 VE 1T
SR IR T G 0 ) A0 B R Rk S B =
AR AN, T 40 TR, @it 5 PD-L1 [ 3h+
(R4S N TCAE S 6 R BT PD-L1 % 55319815 PD-
L1, 5 B o 200 e G, , b 3 S 8 R e WY
TENFE AT circPRDM4 5 HIF-1a #3523 CD274
JABEF B JFHE R HIF-1a A~ S8 CD274 J3 81 F X
TS AR PD-L1 kK, HIF-1a Hi%ES
PD-L1 3 8l 0% sk s PR a5 456, 3 PD-L1
PR AR A CD8™ T 4l IR i il , AT AT B
HCC (4492 #6 kE > | CHEN 251 B 5% 45 S 3 0
HIF-1o 3853 94 miR-224 411l NCR1/NKp46 i
SR E R VI i N R & N1 7 255
PR ML A G RE k3%, K AL, DENG 267 fff 5 45 51
FW 5 J7 i ) & L8 S R BB AR HIF-1ac AN
PD-L1 335, 40 il JH-Ji 1 4 928 106 39 9 14 o Ak T 7 B0k
P,
2.5 HIF-1o HE358 PhEEm 24

HIF-1a B3R 3K 5 9588 X5 A0 I7 RO A Tt 245 7
P U AH G, B 3 5 o A ) AR S R 2 a2 4
X RE R e T, AR E 3R ia T 5 IR IT AR .
HIF-1o RERE IS — 25 51 -5 400 0 080 1~ 4000 1) A 5 114 36
, DR A i JeA 2 X 30 S35 4 R e £ T 245 W 1) 25
PR, P HE ) HIF-Too A 2 5 AR 33k o it
SRV AR SRS . HIF-1oc 38 22 30 22 b 40 it 252 A
HEZ5 5 1 ( P-glycoprotein, P-gp ) , & i 196 241 it Xk
SPEYIIHER Y HIF-1a 193535 L, S Bt
RIS e 200 AR T A I, AR S Ak ST 25
(AnFUIRMERE ) BYARKCR , FEDR I b KO b A
A G 58 Al R HIF-1a0 3235, 3 10 38R
¥ b B S AT M B4 35 P b R 25 0 QIN DO
FELEIR R, LT R IE HIF-1o (0 R A 0E 17 300
XTI R G I i 24 SEO 485 B st 4 3k
W, R i R R 2 25 250 A0 G 1 (multidrug
resistance-associated protein, MRP) Fl P-gp 21k, I/

.37 .



%38 I

E ¥ % 37 %

TG A A ) 24 W HE L | 305 2 L M A L it 245
WEAh PSR B A 240 5 0 115 2 5 e Sl
F 3(signal transducers and activator of transcription 3,
STAT3) {5 7 38 % S Ho A% 5% A, DT e A Tt 245
WANG %62 ViF 77 45 S 3 W1, A8 SR R v L) o 1
HIF- Lo, $10 | 34 58 01 336 470 O SE98 25 M0 (R T 245
2.6 HIF-1o #] I F0 bR 38 (53577

M HIF- Lo ZEREAE 0 108 5 s i A K 5
B AR T g B DL % f 3 0k 3R RE ) S DD ARG
I AR HIF-1oc BOTE PERA R & — R AR R BT I

RS RS . HIF-Too 10080 550 JF % 2 i g B8 e 96 95 vh
(i —AN AT AT, SR IR ] HIF-
la ik, HEUELH VEGF F1 GLUT1 f)Zik 3z
IO 3R TR S R TR Y PX-478 i
i FEAIL HIF-Tao mRNA 7K -, 4100 i 58 128 43 72, B 1K
HIF-la 2 (K FIME 546 55 . Topotecan J& —Ff
FHTIRYT 00 529 | B 20095 R0 I e 1) 0 o o 590, LA
F5 B H] HIF-1a A4 B 5C . HIF-1a HHC
i A HUR AR FHALEI I 1 FR

F 1 HIF-1a %18 B H B EE(E R HLH

AW Dy he i S T FHOGHE S 251
JiF i HIF-1a, VEGF —
I Js S DR 200 e HIF-1a, EphA2, Laminin-5+ Fh e s
[IKEEIVERS 25 e ROS, HIF-1ac, MMP-2 e Az o)
a2 WntSa,CaMK Il , EphA , VE-cadherin T glwe 1]
Jlindpigszaiy ot PI3K, Akt,mTOR TARELrE
JiF 9 HIF-1oa, PPAR-y, PKM2 —
WHT A i It R HIF-1a, ALYREF ,PKM2, Aly, REF —
g2l HIF-1a, Smad3 L7 S fs L e)
=g HIF-1a, miR-320, KLF5 FRLTAEFE
REITF JI5E o Bk 41 i gE HIF-la, VEGF, Akt,mTOR , ERK RET7 e
N4k HIF-la, VEGF , MMP-2, MMP-9 ik %
e ‘ JilEi] HIF-1a,PD-L1 S
HiIZ i sea HIF-1a, miR-224, NCR1, NKp46 —
JFF HIF-1a LLERTFY
i} 2457 LIRS MRP ,P-gp,STAT3 s us
O S HIF-1a, ABCG2,PI3K , Akt AE SRR Y
3 HRIE JeE b B9 VE AL R & 5 2%, 35 S 22 M - i g 4

HIF- Lo Ay i S80I B 15 22 v 4 foff oo ke A
JR I SRR S TR T FE 1R 22 R [R) A6 P S 0 o
eIk, H AT b & MR 1A T G AR R A, HIF-
Lo FEMPRE ) I HOS BB R 220 ek
DA Jidga 47 24 1 1) 985 v 9 0 o B L R A
e IR 9 A 2/ v R 3 E Y AR VR, HIF-
Lo /B R —A~ S B T R 7 ZE R iR Y7 h e %5 Ik
RV, AT LR — A AE IR TR S, T
R IRARAENL 2 . (AR HIF- 1o 7218 &

- 38 .

Wi AR P AR e A4S i 2 2 HIF-1o A94E B
VE RGBT HE 20 ROy — APk i HL, BT
HIF- 1o 75 1E 240 M vt 3255 R R S 7 b 38 o)
FiivsEE A P Y HTF- 1o W] REELA PR , 7T R 2% 1
WAL AR R, AR MBI 7 2T IR A MR
FK HIF-1o TEJ0E A BARFE RIDLE, JE 300 T &
EEXT HIF-1o BA S0RYT R



%34

JE MRS HIF-1a £ M5 £ 0 5 T e P 09 AT Uit R

%37 %

[1]

[2]

[9]

CHOUDHRY H, HARRIS A L. Advances in hypoxia-induc-
ible factor biology[ J]. Cell Metab, 2018,27(2) :281-298.
HUANG L E, ARANY Z, LIVINGSTON D M, et al. Activa-
tion of hypoxia-inducible transcription factor depends primarily
upon redox-sensitive stabilization of its alpha subunit[ J]. J
Biol Chem, 1996, 271(50) :32253-32259.

SOUSA FIALHO M D L, ABD JAMIL A H, STANNARD G
A, et al. Hypoxia-inducible factor 1 signalling, metabolism
and its therapeutic potential in cardiovascular disease[ J].
Biochim Biophys Acta Mol Basis Dis, 2019,1865(4) :831-
843.

SCHODEL J, RATCLIFFEP J. Mechanisms of hypoxia sig-
nalling ; new implications for nephrology[ J|. Nat Rev Neph-
rol, 2019,15(10) :641-659.

LUO Q X, WANG J, ZHAO W Y, et al. Vasculogenic
mimicry in carcinogenesis and clinical applications[J]. J
Hematol Oncol, 2020,13(1) :19.

FR, BT S8ER L bR A G Y I LA 1 B Y
LY. ARER 2= B4, 2020,41(3) :206-209.
MANIOTIS A J, FOLBERG R, HESS A, et al. Vascular
channel formation by human melanoma cells in vivo and in
vitro: vasculogenic mimicry [ J]. Am ] Pathol, 1999,
155(3) . 739-752.

LIU H W, TANG T, HU X J, et al. MiR-138-5p inhibits
vascular mimicry by targeting the HIF-1ao/ VEGFA pathway
in hepatocellular carcinoma [ J]. J Immunol Res, 2022,
2022 7318950.

SAHA D, MITRA D, ALAM N, et al. Lupeol and paclitaxel
cooperate in hindering hypoxia induced vasculogenic mimic-
ry via suppression of HIF-la-EphA2-Laminin-5y2 network
in human oral cancer[J]. J Cell Commun Signal, 2023,
17(3) :591-608.

[10] ZONG S Q, TANG Y F, LI W, et al. A Chinese herbal

formula suppresses colorectal cancer migration and vasculo-
genic mimicry through ROS/HIF-1a/MMP2 pathway in
Front Pharmacol, 2020,

hypoxic microenvironment [ J ].

11. 705.

[11] GENGBC, ZHU Y Z, YUAN Y Y, et al. Artesunate sup-

presses choroidal melanoma vasculogenic mimicry forma-
tion and angiogenesis via the Wnt/CaMK II signaling
axis[ J].Front Oncol, 2021,11:714646.

[12]

[13]

[14]

[15]

[16]

[17]

[18

[

[19]

[20]

[22]

[23]

ZHU Y J, LIU X H, ZHAO P Y, et al. Celastrol suppresses
glioma vasculogenic mimicry formation and angiogenesis by
blocking the PI3K/akt/mTOR signaling pathway[ J]. Front
Pharmacol, 2020,11 25.

THET, T F, Tk B FITF- 1o 77 Ji 5 41 At W % 1 o 1%
PERILT] B 2241, 2023,52(7) :644-648.
FENG J, DAL W Q, MAO Y Q, et al. Simvastatin re-sen-
sitizes hepatocellular carcinoma cells to sorafenib by inhibi-
ting HIF-1a/PPAR-y/PKM2-mediated glycolysis [ J]. J
Exp Clin Cancer Res, 2020,39(1) :24.

WANG J Z, ZHU W, HAN ], et al. The role of the HIF-
1o/ ALYREF/PKM2 axis in glycolysis and tumorigenesis of
bladder cancer[ J]. Cancer Commun, 2021,41(7) :560-
575.

PENG J M, HE Z J, YUAN Y Q, et al. Docetaxel sup-
pressed cell proliferation through Smad3/HIF-1o-mediated
glycolysis in prostate cancer cells[J]. Cell Commun Sig-
nal, 2022,20(1) :194.

ARRIAGADA C, SILVA P, TORRESV A. Role of glyco-
sylation in hypoxia-driven cell migration and invasion[ ] ].
Cell Adh Migr, 2019,13(1) :13-22.

ZANOTELLIM R, ZHANG J, REINHART-KING C A.
Mechanoresponsive metabolism in cancer cell migration and
metastasis[ J]. Cell Metab, 2021,33(7) :1307-1321.
WEI R, XIAO Y H, SONG Y, et al. FAT4 regulates the
EMT and autophagy in colorectal cancer cells in part via
the PI3K-AKT signaling axis[J]. J Exp Clin Cancer Res,
2019,38(1) :112.

YANG Y, GUJJ, LI X C, et al. HIF-1a promotes the
migration and invasion of cancer-associated fibroblasts by
miR-210[ J]. Aging Dis, 2021,12(7) :1794-1807.
ZHOU Y, XU Q H, SHANG J J, et al. Crocin inhibits the
migration, invasion, and epithelial-mesenchymal transition
of gastric cancer cells via miR-320/KLF5/HIF-1a signa-
ling[ J]. J Cell Physiol, 2019,234(10) ;17876-17885.
CHENG W, CHENG Z W, XING D W, et al. Asparagus
polysaccharide suppresses the migration, invasion, and an-
giogenesis of hepatocellular carcinoma cells partly by targe-
ting the HIF-1o/ VEGF signalling pathway in vitro[ J]. Ev-
id Based Complement Alternat Med, 2019, 2019.
3769879.

LAN H F, HONG W, FAN P, et al. Quercetin inhibits
in  human osteosarcoma

cell migration and invasion

.30 .



V23

% 3

S s

%37 %

[24]

[25]

[26]

[27]

[29]

[30]

cells[ J]. Cell Physiol Biochem, 2017,43(2) :553-567.
YOU L, WANG X, WU W D, et al. HIF-1a inhibits T-2

" immune evasion" process by negatively

toxin-mediatec
regulating PD-1/PD-L1 [ J ]. Toxicology, 2022, 480:
153324.

CHENZ Q, ZUO X L, CAI J, et al. Hypoxia-associated
circPRDM4 promotes immune escape via HIF-la regula-
tion of PD-LI in hepatocellular carcinoma J]. Exp Hema-
tol Oncol, 2023,12(1) :17.

CHEN C H, LI S X, XIANG L X, et al. HIF-1a induces
immune escape of prostate cancer by regulating NCR1/
NKp46 signaling through miR-224 [ J]. Biochem Biophys
Res Commun, 2018,503( 1) :228-234.

DENG Z, TENGY J, ZHOU Q, et al. Shuyu pills inhibit
immune escape and enhance chemosensitization in hepato-
cellular carcinoma[ J]. World J Gastrointest Oncol, 2021,
13(11) :1725-1740.

CHEN J F, DINGZ Y, PENG Y H, et al. HIF-1a inhibi-
tion reverses multidrug resistance in colon cancer cells via
downregulation of MDR1/P—glycoprotein[ J]. PLoS One,
2014,9(6) :€98882.

SHIGETA K, HASEGAWA M, HISHIKI T, et al. IDH2
stabilizes HIF-la-induced metabolic reprogramming and
promotes chemoresistance in urothelial cancer[ J]. EMBO J,
2023,42(4) :e110620.

QINY, LIUH J, LI M, et al. Salidroside improves the hy-

. 40 -

[31]

(32]

[33]

[34

—

[35]

poxic tumor microenvironment and reverses the drug resist-
ance of platinum drugs via HIF-la signaling pathway[ J].
EBioMedicine, 2018,38; 25-36.

SEO HS, KU J M, CHOI H S, et al. Apigenin overcomes
drug resistance by blocking the signal transducer and acti-
vator of transcription 3 signaling in breast cancer cells[ J].
Oncol Rep, 2017,38(2) :715-724.

WANG W J, SUI H, QI C, et al. Ursolic acid inhibits
proliferation and reverses drug resistance of ovarian cancer
stem cells by downregulating ABCG2 through suppressing
the expression of hypoxia-inducible factor-la in vitro[ J .
Oncol Rep, 2016,36( 1) .428-440.

WU C, HU Q, CHEN J Y, et al. Inhibiting HIF-1a by
2ME2 ameliorates early brain injury after experimental sub-
arachnoid hemorrhage in rats[ J]. Biochem Biophys Res
Commun, 2013,437(3) :469-474.

LEE K, KIMH M. A novel approach to cancer therapy using
PX-478 as a HIF-la inhibitor [ J]. Arch Pharm Res,
2011,34(10) :1583-1585.

KUNIMI H, MIWA Y, KATADA Y, et al. HIF inhibitor
topotecan has a neuroprotective effect in a murine retinal

ischemia-reperfusion model[ J ]. Peer J, 2019,7. e7849.

[ Wes BHA:2024-01-29]
[RERE:MET EXRE:FHFLL]



