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Abstract: Hypoxia is one of the most significant characteristics of solid tumors. Hypoxia microenvironment
can lead to the overexpression of hypoxia inducible factor-1a (HIF-1a). As the most critical transcription factor in
the hypoxia response, HIF-1a activates downstream gene expression resulting in abnormal tumor cell proliferation,
tumor angiogenesis, unusual energy metabolism, increased drug resistance, invasion, and metastasis. Down-regula-
tion of HIF-1a expression is considered as a promising approach for the treatment of solid tumors, whereas the clinical
efficacy of most existing HIF-1« inhibitors is restricted in low efficacy and high toxicity. Therefore, it is particularly
important to develop powerful and safe novel drugs against the overexpression of HIF-1a. In recent years, numbers
of studies have proved that a variety of chemical components of traditional Chinese medicine can directly or indirectly
inhibit the activation of HIF-1a, which has a broad prospect in the fight against hypoxia-induced tumor progres-
sion. In this review, we summarized various anti-tumor active components of traditional Chinese medicines respon-
sible for inhibiting the expression of HIF-1a in last ten years and analyzed the corresponding mechanism, with a
view to further research as a reference.
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ASPER o AR AE K 32 2~ 3 mmP i 2 B I TR
BEREAS 2, 5 S0 R 40 A sk Y, 2T 5 AT B S
A F-1a (hypoxia-inducible factor 1 alpha, HIF-1a) i
JEIE . HIF-1a & HIF-1 1 D68 5, £252 1) HIF-1a
HEN A k% 5 k4 15 2 7 -18 (hypoxia-inducible
factor-18, HIF-18) 454, TR HIF-1 26, B, HIF-1
5 48 /e M e (hypoxia response element, HRE) 4%
B, WO BB DR (0 % 55, AT VR 8 50 2 T e 1 44 i
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LR, HIF-1a B3 R IE 2 T 802 28 AL 19 e
BEANRWGEHEZR R, R, W6 HIF-1a 3%
KRR YT BRI 1) R

24, CEMIE N H T H LR 122 T B HIF-1a 3
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topotecan F digoxin 2. R, H 8 A 4 401l 751 1)
I PR R 52 1) w2 25 M ARG 8 ) PR A0S TRk,
HIF-Lo 3 B 2 308 22 4 i 2% 108 Y I Jee 2440
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5, FFIC R T 3 Ak NSRRI HIF-1a 2215 1) 24
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REAE A R B U B I6 97 1 0 P e 1 732 00387 2L AR b

ETCEE I, HIF-La 5 5 8 1% 5 o 2 (R A7 75 45 %

PIMX R (F1). 55—, HIF-lei@ i 1 i w4
K [A ¥ (vascular endothelial growth factor, VEGF). T
41 i[5 1- (stem cell factor, SCF) 1[5 4 B & (angio-
poietin, ANGPT) &5 i Ifil & AE B PRl ¥ 1) 2 1 il ¥ 1 e
6 I P S5 A 90 T Sy P A K AR AR e A2 1 1T
WS TRV . 5, HIF-1o ()3 R IA 2230 1 o8 41 fig
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Y @HIF-1a i 1] 3E 3T i#3% Hedgehog « 4 2 Bt & 1L
(lysyl oxidase, LOX).#% X7~ kB (nuclear factor xB, NF-
kB) S5 {5 51 I A 12 I 2 AR (A2 2 R L RS, 2R
=, HIF-1q 8 i3 3#0& O FE W (hexokinase, HK) 1.
HK 2. 7] %) ¥ 4% 15 2 1 (glucose transporter, GLUT) 1.
GLUTS. 3- i &g L B 1K %t 1% 25 3 ¥l 1 (3-phos-
phoinositide-dependent protein kinase-1, PDK1) I #L &
i ZB5 A (lactate dehydrogenase A, LDHA) 2 3 [l f) %
325 5% P JRE 4T 1 R 2 W A AT E R g A, SRk AR
S 1R 1) T A FH R IR A K& 28R (Warburg effect),
PRAEFEBECIR S T 7B R IR P, 500, HIF-1a
(A 3o P B B T A e 40 40 B A A &R (erythropoietin,
EPO). i i 2 £ 5 1--2 (insulin-like factor-2, IGF2) Al
i /N AR AT AR A2 K AT (platelet derived growth factor,
PDGF) &5 [N ¥ IR 1E, (2 T MR g s 5 . 28 1o,
HIF-Lo FEAK T HUT ST RIS 2816 97 S B MR a7 1
AR . R BT 255 5 B0 AR ) MR 4 (reac-
tive oxygen species, ROS) 1 i i #111 il HIF-1a f72 3%
1 B T S BHIF-1loa R AR . M R IE W
HIF-1q i@ i 1 VEGF A1 B ik 41 e 8/ (4 1 97 -2
(B cell lymphoma/lewkmia-2, Bcl-2) & A 1 £ 15, T 1
Bcl-2 #5¢ X & [ (Bcl-2 associated X protein, BAX) Al
caspase-3 [ Z 1k A U AH M I TR0 LR 3 iR i A G52
AR E P, BeAh, HIF-1a /5 T DNA #1475 30
I F1 P-¥# & 4 (P-glycoprotein, P-gp) 512 i 254 41,
IS T 2 24T 25 78 1 (multi-drug resistance gene 1,
MDR1) & £ Zjiif 25 R B RIE . Heil AT 7L R 9,
HIF-1 38 B (1 3005 7T 58 0 A% 5 4 58 T g 4K 1 (pro-
grammed cell death-ligand 1, PD-L1) A1 40 fifg 2 ¥4 T ik
B 41 i A 5% 25 13 4 (cytotoxic T-lymphocyte-associated
protein 4, CTLA-4) &5 G i il 73+ 1 23K, 2 1 B AR
FIEIRTT A R,
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Figure 1 HIF-1a in cancer progression. HIF-1a: Hypoxia inducible factor-1a; VEGF: Vascular endothelial growth factor; NOS: Nitric
oxide synthase; SDF1: Stromal cell derived factor 1; ADM: Adrenomedullin; SCF: Stem cell factor; ANGPT1: Angiopoietin 1; ANGPT2:

Angiopoietin 2; Sema4D: Semaphorin 4D; ROS: Reactive oxygen
kinase; MDR1: Multi-drug resistance gene 1; P-gp: P-glycoprotei

species; AMPK: Adenosine 5'-monophosphate (AMP)-activated protein
n; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; Bcl-2: B-cell

lymphoma-2; BAX: Bcl-2 associated X protein; PD-L1: Programmed cell death-ligand 1; TGF-p: Transforming growth factor-4; MMPs:

Matrix metalloproteinases; EMT: Epithelial-mesenchymal transition; NF-xB: Nuclear factor xB; EPO: Erythropoietin; IGF2: Insulin like

growth factor 2; TGF-a: Transforming growth factor-a; PAI-1: Plasminogen activator inhibitor-1; CTGF: Connective tissue growth factor;

PDGF: Platelet derived growth factor; HK1: Hexokinase 1; HK2: H

exokinase 2; GLUT1: Glucose transporter 1; GLUT3: Glucose transporter

3; SLC2A1: Solute carrier family 2 member 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PGK1: Phosphoglycerate kinase 1;

PKM2: M2-type pyruvate kinase; PDK1: 3-Phosphoinositide-depen
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7 1% %2 AR % #5321 (aryl hydrocarbon receptor nuclear
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PER-ARNT-SIM (PAS) & t4) Al B, 14 1) 48 Jie — 24 — 3% g
(basic-helix-loop-helix, bHLH) f4%1% PAS 75 HIF-1
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CEMAH —NETHEAR LR ER-77 %% (Pro/Ser/

dent protein kinase-1

Thr) %00 R % fig 25 1) 38, (oxygen-dependent degrada-
tion domain, ODDD) 1 jx =X i iif 45 #4 4 (transactiva-
tion domain, TAD), HJl C-TAD (786826 i & # Iz |7
H1)), N K &4 N-TAD (531~575 it @ KB 7 51). X
S 236 Fy de o R SRS 3 B AR E A% LI A SR U 1Y
VAT, Horh C-TAD AR 40 54 /E FH, N-TAD ¥
TSR L T . BT HiE 4 R ¥ CBP AT p300 — it
V1% HIF-1a #E 3 DR 1R 3% 5%, JRBH AL HIF-1a IO PR . £
JE I HIF-1a HE NN IRAZIE 5 HIF-18 45, T2 1A 2L
B R 7 HIF-1, B85 45 4 B BEEE R 0 HRE |, AT fih
R A BT 22 Foh R DR IR R T
3 HIF-la RiLHIFE
31 SEIKHARVEIEEER
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Figure 2 Structures of HIF-1a and HIF-14. HIF-14: Hypoxia inducible factor-18; bHLH: Basic-helix-loop-helix; PAS-A: PER-ARNT-SIM-
A; PAS-B: PER-ARNT-SIM-B; ODDD: Oxygen-dependent degradation domain; N-TAD: N-transactivation domain; C-TAD: C-transactiva-

tion domain

i 988 410 41 2R (1 A5 I K AR08 EE 3 (Von Hippel Lindau
protein, pVHL) 15 5 i@ RIEAT (BI3). EHEIRET,
HIF-1o ODDD H () fifi 24 & 5% & (P402 1 P564) 23 4
PHD #2300 I 340 A FH i ok AN S 40 7
3 e N 21 el U A - 3 TR R K L R R IR
A A BOR S . BJS, pVHL 5 3 HIF-1a
AT, HEZ REA, FEHIF-1o 15z R AR
Ja R IR SRR PR . TR LENE T, ARDL £ B4
RS 51 ODDD 11 K532 Z kb nl {2 it pVHL 4k
) HIF-1a B2 A, 1 K709 A1 K674 [ 2, T A6 ) v 3 ik
Fa 58 HIF-1o & 1 5 3 HIF-1o 8 8% 11 _EEEY. HIF-1a
i 52 B HIF #11# [X 7+ (factors inhibiting HIFs, FIHSs)
R 5, AT R A SR - B R B BEAT N, R AL
HIF-1a C-TAD H [ R & IR VR 5, FHIT HIF-10 5 %6 5%
LT T CBP/p300 2 (Al AR A« fEBRA &M T,
HIF-1o 1) Il 2 B IR B AN e R AR FR B 0D, R, pVHL
Tk HIF-1a 454 36 FE R 26S B 1 B4k B A 1
A ML, FIHS A 5 (10 52 B A0 AE At 2 o2, i3

1145 HIF 5 8% 5% 3030 K7 CBP/p300 45 & 8 F A E
S, BRI R . BREE ST 4k, PHD F1FIH
W HE e RN 2- AR I R I 4 Bh IR T 4 Re R RS
Yo T ROS [ 7™ A& W] d 5 K Fe? 41Ky Fe® Sk 40 )
HIF-1a [ 554k, 281045 i HIF-Lo (128 A R TP
3.2 EANKHEM HIF-1a FITEE

BB R 3 1 HIF-1a BOE 46, 166 HARE 5@ 7
2 5175 HIF-1a 8 F & R Fe VAL g i, 3%
HHWRTEE T (heat shock proteins, HSP) {35 5 % . B iE
ik UL &% 3- ¥4 B (phosphatidylinositol 3-hydroxykinase,
PI3K)/% H #4 B B (protein kinase B, PKB/AKT)/If F.
W) A R L [ (mammalian target of rapamycin,
MTOR) {5 5 18 #% 40 i #ME 5 U4 15 3 (extracellular
signal-regulated protein kinase, ERK)/2% %4 5 3% 1L &
¥4 (mitogen-activated protein kinase, MAPK) 15 5 i
.
321 HSPIESi@EE WFFLRMY, A FFHSP (HSP9O
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Figure 3 HIF-1a degradation, stability, and activation. PHD: Prolyl hydroxylases; pVHL: Von Hippel Lindau protein; Ub: Ubiquitin

chains; HRE: Hypoxia response element
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SR I 45 A R B g HIF-1a, 2R 5 #% HIF-18 BUAR, i3F
M5 ILWOE K 7456 . 32 480E C e 1 (activated
C-kinase 1, RACK1) 2= 5 HSP9O0 3% 4+ PAS-A 45 #4315 1)
AL, TR HIF-1a 172 RALBEM™. 5 HSPO 1)
W AE O AE I, HSP70 m 354872 2<% H:, 18 1T 20S
A1 26S 2 1 B 148 12 L 3 HIF-1a & E B Y. Bel-2
FH 2% M BT T2 % A 3 (Bel-2 associated athanogene 3,
BAG3) nJi# ik 5 HSP70 J¥ mi 25 H B 7k 2 A4, il
HSP70 & F X HIF-1o (1) FEARAE H, (2 3E HIF-10 30X .
322 PIBK/AKT/mTORESEE AN RSIET
PI3K/AKT/mTOR 15 5 18 #% B0, I 52 i A [F] 44 Jg
AR HIF-1o (R IEE, W SR B, 3L PISK/
AKT/mTOR 15 538 % vl 3@ i 1 2% 142 Sk 42 &1 HIF-1a
MRNA [ 8 38 2, M HIF-la M E A R ©
33 LR B B 45 X AE (eukaryotic translation initia-
tion factor 4E, elF-4E) I EE (LIS, 1G5 H 5 HIF-1a
mMRNA 5 55 R Z H BT A4 7, @ #
B p70 #% Bl 44 25 1 S6 ¥ 1§ (p70 ribosomal protein S6
kinase, p70S6K) 1 faf B2 44, 12k 1 J50% A% B 44 2 1 S6
(ribosomal protein S6, rpS6), A Zf 10 5 4o (i fR S 2
F) 1% TR i % 7k 71 B (1 [A) Y5 (phosphatase and tensin
homolog deleted on chromosome ten, PTEN) it 3 [X] X
AKT 15 5l % s B A buE M . B9t K,
PTEN FISL I 58 T HIF-1a /) S I FE R 3R &, M PTEN
K & AT DL HIF-1o (2 IEE7,

323 ERK/MAPK{ESEE MAPK K2 i 151
B 43 A R T A IR R 55 22 o 4 S R OGBS
iE % . 1 Ras/Raf/MAPK (MEK)/ERK i % j& MAPK
55 i 508 P P R B B S S K, TE IR 4 i A=
AR RS 2R EEIEA. Tk iRy,
HIF-1a /2 ERK/IMAPK {5 518 % (1) 2 s ¥ 2 — .
ERK 1% p42 Fil pad WA~ 45 /) B, 358 MAPK {5 5
T K IS . ERK AT @ I % B2 Ak HIF-10 1) C-TAD 3
TN S g M, B H AR E HTC B B R . kA, p42
F1 p4d MAPK 15 51 it 0] 3 1o 5 2 1L 641 F11 643 1 22
FR TR IR AL HE HIF-1o FIIZ BURP, Ras/MAPK & #%
() 3835 36 7T BL_E I elFAE 3% 1, #E 175 36 0 HIF-1a
MRNA [} B R, 2, 1] ERK/IMAPK {5 5 Ji
% B0 TN HIF-1a 132 R AL S AR, FHIS HIF-1a 7]
Y A% 1) 2 Ao

324 HIF-la MEMIBIEEEE [ RS SEEKLL,
HIF-1o I 3218180 52 HoAth R 7 (1) 4% . BF SR BH, 2 Fh
TR A HIF-1a (R 2 R R L AT B R 1L, T T AR
B M B S VEPERY, B HIF-1a N-TAD H ) 551,555 Al
589 i 22 54 1% % 55 1T 44 0 S5 A BB R -3 (glycogen

synthase kinase-3, GSK-3) & 1., B J5 1 5592 = iE#
fitf Fow7 F1USP28, /5 HIF-1a (172 Z 4L A1 pVHL JE4K
W B AR PR R . TR0, HIF-L0 1] PAS-B 25 #3511
Ser-247 1] % £ [ B CKL B R 1k, 4K ifi % 3K HIF-1a/
1BE AR e, IR S . HIF-1o B2 E
P B SRS 1 2 B HEBE R A0 T A4 . L E3
12 3 R E I Mdm2 ] 4 iR 40 ) 2k ] pb3 B4R
DLFE AR HIF-101% . 6 Ab, 6 25 7 AR U 45 M Sl B &5 1
1 [copper metabolism (murrl) domain-containing 1,
COMMDI1] i it 5 HIF-1a i) N 7K 3t 45 #9358 33 4T 45
HHHIF-18 A5 A5, B G R HIF-L S 51
DNA 45 & FI#E S ig 1Y

4 HIF-1a 3MHIFI R R ER

HIF-Lo & ¥6 7 G 580 P8 11 A R0 55 MDY Ay e i
BV SFAT ARG ) EEL R Z, BT HIF-1a 05
(A ORI R 5 NP O FER HIF-10 ) mRNA K
@ I HIF-1a 8 EH K& G @ R 3 HIF-1o 8 H R
fift; @ AW HIF-lo 8 A S A0S, ® 1 HIF-1a
5 HIF-18 K1 78 — R4k, © Jh> HIF-1 5803 X
HRE 25 &, FEIK HIF-1a 3 i . BT, K
() HIF-Lo #0077 3 22 03 Ak 22 6 U & 25 3L
AR RGPS Z ). Hh, PX-478 .EZN-2968.
YC-1 F H A7 4% . acriflavin. echinomycin 25— 64k, &
YIRS SRR HIF-1a 3R (3R 1), PX-478 2R PR
B — A T SEARIR A 9T I HIF-Lo 0081 570, AT 7E 55 % f0
B2 2 A KF T HIF-1a (1% . EZN-2968 /& —
b B 7] HIF-1a (1) e SO i S8 1 IR, AT ok 43 1 FH I
HIF-1a ff mMRNA ik . 4, — 28R B0 HIF-1a
(1) 24 ) A Bl 6 2L A H0 1) HIF-100 3038 B AR FH, AR
N HIF-1a 18] 422 10 1] 7707, £ 5% HSPOO 5 47t 71 (U1 gel-
danamcin). DNA #f #h 5 ¥4 i 1 4011 75 (41 topotecan).
ok BB ) 25 %) (i 2-methoxyestradiol, 2ME2). PI3K/
AKT/mTOR #0171 (21 temsirolimus) . 25 19 il 14 31 1]
71 (41 bortezomib) HDAC #1 il 7 (1 romidepsin)-. fif
IR {5 (0 PX-12) . % &R T 0 ) (o
semaxanib) . 3 2454 (41 doxorubicin). 0 H 2K 2
) (40 digoxin) 25 (% 1)W72424 0 bk B4 LR
FE T T HIF-1a 3 18 1 25 W0 43 ik FH T B0 A e B VR 97
BRI,

SR, R T R B R 23 HIF-Lo 500 1) 5510 £ 11 PR 235
52 3 B i v RS A A 1 PR S, [ I
R e N 2ME2 49K & 7 BUARAE IR IT 2 AR Bt Al
1 Mt R0 A R e 1 IRIG R B 7, B T s 2 R0
25 SR RN g T % 1R B E. 2R 8L, geldanamcin
DRI 5 Bl A5 2 o %) 24 380 0 1k 22 R0 I B v T oKk e S T
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Table 1  Structures and mechanisms of some existing direct or indirect inhibitors of HIF-1a. mMRNA: Messenger ribonucleic acid; FIH:

Factors inhibiting HIFs; AKT: Protein kinase B; p70S6K: P70 ribosomal protein S6 kinase; S6RP: S6 ribosomal protein; MAPK: Mitogen-

activated protein kinase; PI3K: Phosphatidylinositol 3-hydroxykinase; mTOR: Mammalian target of rapamycin; HSP90: Heat shock protein 90;

DNA: Deoxyribonucleic acid; HDAC: Histone deacetylase; Nrf2: Nuclear factor erythroid-related factor 2; SSAT1: Spermidine/spermine-

N1-acetyltransferase 1

Inhibitor Structure

Mechanism

Ref.

PX-478 O™

EZN-2968

Echinomycin ~ .

YC-1 VAR
Acriflavin | =
HH ﬁ/ HH
|

Bortezomib
=" - H :\m/
C)

BAY 87-2243 A\

Temsirolimus

Perifosine

Geldanamcin £

(D Decrease the level of HIF-1a mRNA;
@ Inhibit HIF-1« transcription and translation;
(3 Modulate HIF-1a deubiquitylation

Bind and inhibit specifically the HIF-1a mRNA
expression

Competitively inhibit HIF-1a binding to its
target genes through sequence-specific

binding to HRE

Lower levels of HIF-1a by inducing the
C-terminal HIF-1a degradation

Inhibit HIF-1 dimerization by binding to the
PAS-B subdomain of HIF-1a

(@ Repress HIF-1a transcriptional activity and
reinforce the FIH-mediated inhibition of p300
recruitment; @ Induce dephosphorylation of
phospho-AKT, phospho-p70S6K, and phospho-

S6RP, thus inactivating HIF-1a protein expression;

3 Block p44/42 MAPK phosphorylation to
reduce the translocation of HIF-1a

Inhibit mitochondrial production of ROS by
blocking mitochondrial complex I, which
subsequently reduces hypoxia-induced HIF-1a
activity

Inhibit HIF-1a mRNA translation and increase
HIF-1a degradation by inhibiting P13K/AKT/
mTOR pathway

Inhibit HIF-1o. mRNA translation and increase
HIF-1a degradation by inhibiting P13K/AKT/
mTOR pathway

Increase HIF-1a degradation and decrease in
transcriptional activity by inhibiting HSP90
activity

[7

(6]

[5]

[7

[41

[5.7]

[71

[5]

[5]

[5]
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Continued
Inhibitor Structure Mechanism Ref.
Tanespimycin £ Increase HIF-1o degradation and decrease in [5]
transcriptional activity by inhibiting HSP90
activity
Alvespimycin Increase HIF-1a degradation and decrease in [5]
transcriptional activity by inhibiting HSP90
activity
Topotecan Inhibit HIF-1a protein translation by targeting [5]
DNA topoisomerase 1
Irinotecan Inhibit HIF-1a protein translation by targeting [5]
DNA topoisomerase 1
SN38 Inhibit HIF-1a protein translation by targeting [42]
DNA topoisomerase 1
EZN-2208 Polyethyleneglycol-SN38 Inhibit HIF-1a protein translation by targeting [6]
DNA topoisomerase 1
Semaxanib i Decrease HIF-1 DNA binding by inhibiting [7]
2 PI3K activity, AKT phosphorylation and
N p70S6K1 phosphorylation
U
Digoxin Inhibit mTOR-dependent translation of HIF-1a [6]
mMRNA into protein
Cetuximab — Inhibit mTOR-dependent translation of HIF-1« [22]
mRNA into protein
Trastuzumab — Inhibit mTOR-dependent translation of HIF-1a [22]
mRNA into protein
Romidepsin Inhibit the transactivation potential of HIF-1a/ [5]

p300 complex by blocking HDAC activity
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Continued
Inhibitor Structure Mechanism Ref.
Aminoflavone Inhibit HIF-1a mRNA expression and almost [6]

2-Methoxyestradiol

Taxol

pPX-12

Doxorubicin

Cyclophosphamide

completely block HIF-1a protein accumulation

Block HIF-1a translocation to the nucleus by [5]
disrupting cellular microtubules and inhibit
HIF-1a protein translation

Block HIF-1a translocation to the nucleus by [5]
disrupting cellular microtubules and inhibit
HIF-1a protein translation

Inhibit HIF-1a protein levels by increasing [43]
nuclear Nrf2 and SSAT1

Inhibit HIF-1 transcriptional activity by [22]
blocking its binding to DNA

Inhibit the expression of HIF-1a protein [22]

e RS, R, BF T 8 HIF-1a 22 3K B 92 25006 35 1 35
TG E 2 R K E L,
5 HEIHIF-la RIZM P A MEEMR SRR

rp 2 HLAG 8 1 7 S ROBR R (AR A, e A ik A
AT E IR S B 215 B s 2 30 IE AR
TR BAk, 2 RARPSRIEE ), KRR T8
TR A . T AR, BRI 22 4 i) HIF-1a R IA 1
HH 2 B R O T A3 R AR RIE T (B 4.5) . IR B K
o3 % HE L S5 MY AS [F) AT 23 D B 288 I S L il 288 AR P
KW CBFRMEAR . — s 2535 o v B
B RE 1A HIF-1a. Q0345+ 43 2515 2111 discorhabdin B
3-dihydrodiscorhabdin C %5 £ ittt w452 fi A= 47 sl T BHL
W7 HIF-1a 5 32305 B 7 p300 1 45 419, 5 8 11 7
O PN RV TR HE HIF-1a 1 3R (1 BRAR, p-H0 7 4517
AL AT H ] HIF-10 i MRNA %3k, — 1k
Fh 24 55 PR R 43 03 3 35 PHD/VHL . HSP9O., PISK/
AKT/mTOR. ERK/MAPK %5 I Jiff {5 = i i 7] 32 5 i
HIF-1a (1335, Q1K 38 By Uil i BH W7 PISK/AKT i@ #%

() T T A0 BBOTS T TR 45 T e At B R HIF-1a 1 2R K
o BRAR, g ZPOS | 25 3 KPS L Bl op 24 B B
AT 0] HIF-2a ()3 P, AT BE B 3 3300
P, Z A0 T A R 4H P HIF-1a 204
51 HEIENEPEE

WHR AR — R 2 AET R4 ESE 2-
o JE A 25 K TR YR o, B R E 2 ANME .
— LB A R TR P HIF-1a R IE, W LR 5
51 g A K T 2 I A AR 2R AR RS (R
2)[eS0SL4 10 i B A M B R AR R R QR R

Hit 2 2 R YR T # A5 (Ginkgo biloba L.) 2524 il fE
) — R 2 R RS . BRI, W R
A7) A P A ) 2 ol e R 4 B R RS S I
HIF-1a 25 F AP & RO T Ui VEGF [ 2 R Rk, J
B 5 4 B 22 400 ) 3542 48 B k2 46 X 2a (eukaryotic
translation initiation factor 2a, EIF2a) V. % ) i FR 1L
SR, M B 204 W@ ok ik 45 R g A AMPK
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Figure 4 Inhibitory effect of antitumor components of traditional Chinese medicine on HIF-1«

Table 2 Anti-tumor components of flavonoids of traditional Chinese medicine inhibiting the expression of HIF-1a. DOX: Doxorubicin;
AP-1: Activator protein-1; Pinl: Peptidyl-prolyl isomerase NIMA-interacting 1; 5-FU: 5-Fluorouracil; HDM2: Human double minute 2;
UPAR: Urokinase plasminogen activator receptor; MMP2: Matrix metalloproteinase 2; PTEN: Phosphatase and tensin homolog deleted on
chromosome ten; EMT: Epithelial-mesenchymal transition

Component Structure Cancer type Mechanism Ref.
Quercetin Prostate cancer Inhibit HIF-1a biosynthesis and VEGF gene expression  [54]
(LNCaP), colon cancer by inhibiting EIF2a phosphorylation
(CX-1), breast cancer
(SkBr3)
Colon cancer Decrease the transcriptional activity of HIF-1a by [50]
(HCT116) inhibiting the activation of MAPK and increase the
sensitivity to cisplatin and etoposide and apoptosis rate
of tumor cells
Breast cancer (4T1) Enhance DOX toxicity to tumor cells by promoting HIF- [51]
1a degradation and reduce DOX-induced side effects
Breast cancer Decrease the nuclear levels of HIF-1a and c-Jun/AP-1  [55]
(TAMR-MCF-7) by inhibiting PI3BK-dependent Pinl expression, thereby
inhibiting the secretion of VEGF and abnormal vascular
proliferation
Cervical cancer Increase HIF-1a degradation by pVHL pathway by [56]
(A431-P, A431-111) decreasing the expression of UBE2S, thus inhibiting
tumor metastasis and invasion
Luteolin Lung cancer (CL1-5, Inhibit the activation of the HIF-1a/VEGF signaling [57]

293T, LL2) pathway by inhibiting the phosphorylation of AKT,
thereby inhibiting the migration and proliferation of
endothelial cells under hypoxic conditions and reducing
tumor microvessel density
Cervical cancer Increase HIF-1a degradation by pVHL pathway by [56]
(A431-P, A431-I11) decreasing the expression of UBE2S, thus inhibiting
tumor metastasis and invasion
Lung cancer Inhibit HIF-1a transcriptional activity, VEGF expres- [58]
(NCI-H157) sion, and STAT3 phosphorylation
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Continued
Component Structure Cancer type Mechanism Ref.
Genistein Breast cancer Down-regulate HIF-1a protein level by binding to [59]
(MDA-MB231, T-47D) Thr183, Ser184, Asp201, GIn203, and Arg238 residues
Liver cancer Block the activation of the HIF-1a/GLUT1/HK2 [60]
(HCC-LM3, pathway, thereby inhibiting aerobic glycolysis and
SMMC-7721, Hep3B, improving the sensitivity of tumor cells to
Bel-7402, Huh-7) chemotherapy drugs
Prostate cancer (PC-3, Inhibit the expression of APE1/Ref-1, HIF-1a, NF-xB,  [61]
C4-2B) and have the effect of radiosensitization
Daidzein s @ Prostate cancer (PC-3, Inhibit the expression of APE1/Ref-1, HIF-1a, NF-xB,  [61]
O | C4-2B) and have the effect of radiosensitization
e
OH
Baicalein Gastric cancer (AGS)  Inhibition of hypoxia-induced AKT phosphorylation [62]
o, o ‘ inhibits the expression of HIF-1a and glycolysis-
‘ | related genes, thereby reverses hypoxia-induced 5-FU
o' resistance
LU Ovarian cancer Inhibit tumor cell activity by inhibiting the gene [63]
(OVCAR-3, CP-70) expression of HIF-1a, c-Myc, NF-xB, and VEGF
Baicalin Ovarian cancer Inhibit tumor cell activity by inhibiting the gene [63]
(OVCAR-3, CP-70) expression of HIF-1a, c-Myc, NF-xB, and VEGF
Wogonin Breast cancer (MCF-7, Increase HIF-1a protein degradation by promoting the  [64]
MDA-MB-231), liver  proline hydroxylation of HIF-1a and blocking the
cancer (HepG2), colon binding of HIF-1a PAS domain to HSP90, hindering the
cancer (HCT116) activation of HIF-1a/VEGF axis and tumor angiogenesis
Isorhamnetin Colon cancer Inhibit ROS or hypoxia-induced HIF-1a protein [65]
(HCT116, HT29) accumulation and HIF-1a-dependent tumor metabolism
gene transcription, thereby blocking tumor cell invasion
and metastasis
Eupatorin Lung cancer (H522) Reduce the expression levels of HIF-1a. and VEGF by [66]
inhibiting the phosphorylation activation of AKT/
mTOR signal in tumor cells, thereby exerting an
anti-tumor angiogenesis effect
Apigenin Lung cancer Inhibit HIF-1a transcriptional activity, VEGF [58]
(NCI-H157) expression, and STAT3 phosphorylation
Ovarian cancer Inhibit the expression of HIF-1a and VEGF by [67]
(OVCAR-3, A2780/ regulating the PISBK/AKT/p70S6K1 and HDM2/p53
CP70) pathways, then hinder the formation of endothelial cells
4',7-Dihydroxyflavone o Lung cancer Inhibit HIF-1a transcriptional activity, VEGF [58]
‘ (NCI-H157) expression, and STAT3 phosphorylation
Galangin Ovarian cancer Inhibit the expression level of HIF-1a and the secretion  [68]
(OVCAR-3, A2780/ of VEGF by blocking the activation of p-AKT/p-70S6K
CP70) pathway
Myricetin Ovarian cancer Inhibit the expression level of HIF-1¢ and the secretion  [68]

(OVCAR-3, A2780/
CP70)

of VEGF by blocking the activation of p-AKT/p-70S6K
pathway
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Continued
Component Structure Cancer type Mechanism Ref.
Hispidulin P Gallbladder cancer Down-regulate the HIF-1a/P-gp signaling pathway by~ [69]
AN (GBC-SD) inhibiting the activation of AMPK signaling, thereby
I | increasing the sensitivity of tumor cells to gemcitabine
& ? and 5-FU
Icariside 11 ¢ Osteosarcoma (HOS)  Reduce the accumulation of HIF-1a by promoting the [45]
' binding of pVHL and hydroxylated HIF-1a, and then
down-regulate the levels of downstream genes such as
VEGF, uPAR, ADM, MMP2
Icaritin Glioblastoma Regulate the PTEN/AKT/HIF-1a signaling pathway, [70]
(UBTMG) thereby inhibiting the expression of extracellular matrix

metalloproteinase (EMMPRIN), inhibiting tumor cell
invasion and EMT

(A 5 35 B ) HIF-Loc (1) % SR 05 M, 817 F#IK VEGF
I GLUTL 1 mRNA 7KF, £ i Jif 988 4H M X5 I £ A1 4
FEIAFE (RGOSR JE 2P0, ghah, MR R AR T A
Ji 3 40 P R HIF-La 1 B i, 30T 38 58 22 2 LE 2 (doxo-
rubicin, DOX) X il J87 £ Ao 11 200 o 2 14 A4 08 T 4
[ B P I DOX 5 S AN R 8L, 2 2% i 8 A K I e K
N ER A A TR 7 5 — R R, Oh 265 i 4
5 JE DR 43 7 R0 B 1 B 28 4 AT IE SIS R 2R T B B A 5
7% (tamoxifen, TAM) fif 25 7 7L Jig & MCF-7 41 g
(TAMR-MCF-7) "1 HIF-1a Al c-Jun/AP-1 [ 1% 7K “F- 1
m, 3X AT RE VA AT LA T PISK AR A6 (1) Pin 1A, #E M
FIH VEGF 2 306 AL S 3 A

KBEERFFAE T AR K BB AR
SR, AT PUIR BUAE AL S G g T L g S A A
. ARBE KR N145% (Lobelia chinensis Lour.) H F
W HIF-1a 8 F ZRIA 1) F 2R 57, vl i ] AKT ()%
&AL A 1) HIF-1a/VEGF {5 5 i i 11 B0, AT 400 1] R
ASME TR PR B P B RN B, ARG T RE Ut
FEBN B (1 — 3 Bk 70 R DA o R 2 RO R 2R 1
B30 EMT i R AL AT BE 5 HIF-1o 08 B AH G . i3
— DI SR R B, X R B T B H ) E2S V2 R
% $% B (ubiquitin E2S ligase, UBE2S) ] % ik 14 Ji
pVHL/PHD & E % HIF-1o (IR ARAVE T o R4, Anso 25591
R IA 7R B 2 B P 1) i 0 e P AR5 5 1 HIF-1a
MRS A STAT 3 I IR Ak, 33E 177 & #5 P& X VEGF K 1A
MIER .

Yokl K £ N Z 5 (Sojae Semen Praeparatum) %
Fp 24 HP IR S B A 28 R0 4 . Mukuind £ VKGIE B

T YRR KT R L 4 i ) HIF-1a 2 KT,
43T 45 B 7R Thri83. Ser184. Asp201. GIn203 Ail
Arg238 5k 3 A2 YUkl R R M) HIF-1a 28 1 CEEAL AT
Gkt AR X HIF-1a 33K 1R 1 4 FH 72 40 it 38 40 i
HH A IR S, [ B A R U ) GLUTL R HK2 23, A
T 00 1) 7 S0 A, Y 5 2 v R 40 PR R A7 U /N BROX
R AE B I BURAERY, APE1/Ref-1 32 5 HIF-1a Al
NF-xB 35 A1 — FhOCHE 8 1, 55 g 0T # i 2 Ui
Ko TG} A 2 AN 5y — o S B I S5 1A A o K T
YAl i@t N iH APEL/Ref-1 (25 0] HIF-1o 1 NF-xB
) DNA &5 &35 P, BH 4@ 55 75 5 1 HIF-1a A1 NF-xB
A0S, A 1E 9 HT F1 R VA T 1 O B4 B0 R A 5
AR, R K Ju s 55T dek AR =™,
LB — e ) Rl A 30 (I J2F e 6 40 L ) ok L 4 e
M -5 K 524 76 1 IR W Pl HE BTk R/ o

S F e P 25555 (Scutellariae Radix) H 4y 55 15
B RAR T AL A, F @2 i PTEN & 19
R R AM B R 45 T 1 AKT B R 1L, HE 1 B# K HIF-1a
R 1% fig AH ¢ J: Pl HK2 . LDHA #11 PDK 1 ) 32, 1 &
B 95 AGS 41 g % 5- 5 JR e (5-fuorouracil, 5-FU)
HURHESA, eoh, F R IR A B RS T 01
9% OVCAR-3 Il CP-70 41l ff J& , HIF-1a ) mRNA %
TR KT 3 AR, HL 3% 5 R I T iR A B
D E 2= 5 R AW, H B 06 HIF-1a %14
FINLE A FTAS A . Song P HRIE BoR, W% R ]
18 I {2 i3 PHD/pVHL 38 2% 4K 6t 1K) HIF-1a 1) Jili 20 1R #2
FEAk B W7 HIF-1a (1) PAS 25 #9185 HSPOO 1) 45 &>
B HIF-1o & E R AR, T AT HIF-1a/VEGF H 11
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Figure 5 Anti-tumor components from traditional Chinese medicine inhibit the activation of HIF-1a in cancer treatment through different
pathway. IDO: 2,3-Dioxygenase; STAT3: Signal transducer and activator of transcription 3; PTEN: Phosphatase and tensin homolog deleted
on chromosome ten; SPHK1: Sphingosine kinase-1; MAOA: Monoamine oxidase; IGF-1: Insulin-like growth factor-1; ID-1: Inhibitor of
differentiation/DNA binding-1; rpS6: Ribosomal protein S6; 4E-BP1: Eukaryotic translation initiation factor 4E-bingding protein 1; elF-4E:
Eukaryotic translation initiation factor 4E; PAK1: Recombinant p21 protein activated kinase 1; ERK: Extracellular signal-regulated kinase;
MNKZ1/2: Mitogen-activated protein kinase (MAPK)-interacting kinases 1 and 2; EIF2a: Eukaryotic translation initiation factor 2a; UBE2S:
Ubiquitin E2S ligase; TRAF6: Tumor necrosis factor receptor associated factor 6; YAP: Yes-associated protein; SIRT3: Silent mating type
information regulation2 homolog-3; DNMT3A: DNA methyltransferase 3A; MAT1: Menage a trois 1; APEL: Apurinic/aprimidinic endonu-
clease 1; Ref-1: Redox factor-1
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PO, i) 2 Aol Bk R I e R A
52 MREKHEMEH

MR AW — R EA RS WLy, £
FAEERL o R SR R IER R R Y
o BA MG HIF-1a ZEE BRI &Y EEA

PAK 38 38 AR SR IR R 2 B 43 F0 AL 2B A AR 3R
MR oy (3R 3)1em#Y,

K F E EORIE T T 245 K 3 (Rhei Radix Et Rhi-
zoma) 12 L (Polygoni Cuspidati Rhizoma Et Radix).
KEFRAE T I HIF-1o (0 5 BUR1 8 (A 30k R 1 5

Table 3 Antitumor components of quinones of traditional Chinese medicine inhibiting the expression of HIF-1a. COX-2: Cyclooxygenase-

2; GRB2: Growth factor receptor-bound protein 2; EGF: Epidermal growth factor; EMMPRIN: Extracellular matrix metalloproteinase;

LDHA: Lactate dehydrogenase A

Component Structure Cancer type Mechanism Ref.
Emodin P o Nasopharyngeal Regulate the redox state of tumor cells by down- [71]
carcinoma (CNE-1) regulating the mRNA and protein expression of
“O HIF-1a, and then play the role of radiosensitization
He Neuroblastoma Inhibit the expression of HIF-1a, VEGF, MMPs, [72]
° (SH-SY5Y) COX-2, Ras, GRB2, etc., thereby inhibiting tumor
cell migration and invasion
Thyroid cancer (8505¢,  Inhibit tumor angiogenesis and metastasis by [73]
SW1736) blocking the activation of TRAF6/HIF-1a/VEGF
pathway and TRAF6/CD147/MMP9 pathway
Pancreatic cancer Inhibit the biosynthesis of HIF-1a protein in vivo [74]
(AsPC-1, BxPC-3, and in vitro by decreasing phosphorylated AKT and
HPAF-2, MiaPaCaz2, ERK/1/2
Panc-1)
Rhein I ™ Colon cancer (HT29, Reduce HIF-1a« mRNA and protein levels to [75]
HCT116, Colo205, down-regulate the mMRNA expression levels of
i O“ SW620) immunosuppressive molecules such as PD-L1, and
enhance the killing effect of effector T lymphocytes
° ¢ on tumor cells
Breast cancer (MCF-7,  Down-regulate HIF-1a protein expression by [76]
MDA-MB-435s) inhibiting hypoxia-induced PI3K/AKT/ERK
pathway activation, thereby reducing the secretion
of VEGF and EGF
Pancreatic cancer Inhibit the biosynthesis of HIF-1a protein in vivo [74]
(AsPC-1, BxPC-3, and in vitro by decreasing phosphorylated AKT and
HPAF-2, MiaPaCaz2, ERK/1/2
Panc-1)
Chrysophanol f ™ Colon cancer Reduce the expression level of HIF-1a by inhibiting  [49]

Physcion-8-0-4-glu-
copyranoside

Emodin monomethyl o 8 o
ether

Tanshinone 1A

(HCT116, SW480)

Breast cancer (MCF-7,
HCC1937)

the phosphorylation and activation of the PI3K/AKT
signaling pathway induced by hypoxia, thereby
inhibiting tumor cell invasion and metastasis

Colon cancer (HCT116) Regulate the PTEN/AKT/HIF-1a pathway to reduce [77]

the expression of EMMPRIN, Snail, Slug, and
Twist, thereby inhibiting the EMT process induced
by hypoxia

Colon cancer (HCT116) Inhibit the activation of AMPK/HIF-1o pathway to  [78]

down-regulate the expression of EMMPRIN and
induce cell mitochondrial apoptosis

Inhibit the activation of HIF-1a/TWIST pathway, [79]
thereby inhibiting hypoxia-induced tumor cell EMT
and DOX treatment resistance




- 2702 - 2254 Acta Pharmaceutica Sinica 2021, 56(10): 2689 —2719

Continued

Component Structure Cancer type Mechanism Ref.
Rotunda nassonoqui- Liver cancer (AGS, Dose-dependently inhibit the accumulation of [80]
none A ) ‘ Hep3B) HIF-1a protein and VEGF mRNA expression
15,16-Dihydrotanshi- f Gastric cancer (AGS), Dose-dependent inhibition of HIF-1a protein [80]
none | = ‘ liver cancer (Hep3B) accumulation

-

Cryptotanshinone i Ovarian cancer (Hey, Reduce the stability of HIF-1a protein and the [81]

A2780)

‘O o

expression levels of GLUT1, LDHA, and HK2 by
regulating the expression of STAT3/SIRT3/HIF-1a
pathway, thereby inhibiting the growth and
proliferation of tumor cells induced by glycolysis

Jie 23 4 P AR A O SR S, A AR o S MR e 4 L A A
JE ZN R TR YR T RO, A B R R R A
— AU G BT . KB F L T A& B
e SH-SYSY Al T # AR 2%, JF B AT 51 B AT
[B) A A v o JL AL 5 K 3 R 0 HIF-1a. VEGF.
MMPs ., 3F & & B -2 (cyclooxygenase-2, COX-2) & Jif
Jo A R0 ML AR R 3R IR 7 [ SRR AR ORTA. A, K
TR A 3 o) 18 I B W iR AR B IR 2 AR A DG R 6
(tumor necrosis factor receptor associated factor 6,
TRAF6)/HIF-1a/VEGF 1 TRAF6/CD147/MMP9 i %
(1 3% 4 1) A 20 4k HOIR B (anaplastic thyroid cancer,
ATC) #R B 57: T B e 0 s 6 6 AR o 1 o e i A A=
FEEREU, KRR 5 — Fp 8 200 BURRAL & 4, HAE
FH 145 W e 4 B 5 mT 70 OS2 b P IS HIF-1a 1)
MRNA & (7K F, #E i~ A2 7 T B AR -1 (pro-
grammed death-ligand 1, PD-L1).COX-2. Jiili%& & 4 -1.
IL-10 %% 4k 2 K [A F-p1 (transforming growth factor-
BL, TGF-B1) &5 G 3] 4+ 1) mRNA R IE 7K, B35
i 98 28 B B, i 0N T Ak B 4 i 7E ik A 2% A
IS tF il SR A 1 S 4 R T R R R A i 0 o R
155 5 1) PIBK/AKT/ERK J& 6 ¥ 7% 2 1M K 1 HIF-1a
1R [ Rk, B VEGF A3 7 £ K K7 (epidermal
growth factor, EGF) [1] 43 WA 7K, J& —F A Rl 5 [F1 4 i
JRHT A I T 25T . b Ah, REETFR AR Ry ]
P44 P9 A N TR i e 240 L 5% R HIF-10 (2 B R, 1X
Fobo 10 1 1 P 5 F PX-478 % 40111 HIF-Loc 400 1) 771041
HoAt B A T HIF-1o {5 5 8 6 3R 08 B R AL &9
WA R T 7 25 K 3 5 -8-0- 5 0 Ml VR K 3
E UL

FFZ 0 A 2 M2 (Salvia miltiorrhiza Bge.) (1)
TR KR ZE b o B B — P E R IERR RS
W, AT A L 30 ) HIF-1a/ TWIST F 380 328 1 400 1)
IR E 510 0 M5 20 i EMT i B2 K2 %F DOX ¥4 97 4%
PUAEAT . 55— ik 0 VR P S 5 HU 1) A
PLAT SR ZLAM AR AT SRS R R Rk . fEdE—P 0
BB E P, e i B0 ) R A R 15,16- XA
P2 W 177 & K PE B AS T B i AGS 48 f #1 i J
Hep3B 4 it I HIF-1a 25 AR Z2 . LA, 5 i 22 4
X R A T ] VEGF I mRNA £k . B S 2 1 2
HH I o — AR SR M R S TR A A, B I — 4R Y
S 7 FE AT R B N S R R AR R ALY R (B 5 A A
B 0% K1 3 (signal transducer and activator of tran-
scription 3, STAT3)/SIRT3/HIF-1a {5 5 [ ik, &% %
ik HIF-1a (1) 2 1 £ %€ P£ A1 GLUT1. LDHA Al HK2 f1)
FIK K, T 0 A S A A KR B Y, B
R JE RN ATT 2T e .

53 mE%

i K 2 R REAEAE T @S5y,
TR BT LR, T AR R R AR RS A
TR IR T A R AT 3 S — L 28 v 24 SR mT |
HIF-Lo J8 B (1038005 , 5 BUBk 07 S 10 B8 I 8 A= i
R TR A e ity B e (R 4)Leo0478292

F B L R L (Prunellae Spica) 25 4% 45 rh 24
= RIEVE S 2 — o SRR ATl 4% NADPH
A AL 2 (NADPH oxidase 2, NOX2)/ROS 15 5 i #4111
il HIF-1a 321k, 5 5 %8 40 i GL/S HARH A, 411 48
P35, AT HE L B iR FHE . X gk AR
NOX2/ROS/HIF-La il 1T it A& V6 97 H. W T 1) 87 B2 A o
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Table 4  Anti-tumor components of terpenoids of traditional Chinese medicine inhibiting the expression of HIF-1a. NOX2: NADPH
oxidase; PFK1: Phosphofructokinase 1; Ang2: Angiopoietin 2; 1xB: Inhibitor of NF-«B

Component Structure Cancer type Mechanism Ref.
Oleanolic acid Colon cancer (HCT-15, Inhibit the expression of HIF-1a by regulating NOX2/ROS,  [82]
HT-29) thereby inducing tumor cell G1/S phase arrest and inhibiting

cell proliferation
Gastric cancer Reduce the nuclear abundance of HIF-1« by inhibiting the [83]
(MKN-45, SGC-7901)  activation of YAP signaling pathway, thereby inhibiting the
expression of HK2 and PFK1 and blocking HIF-1a-
mediated aerobic glycolysis and cell proliferation

Tripterine Liver cancer (Hep3B, Inhibit the expression of HIF-1a protein at the translation [84]
SK-Hepl), cervical level by blocking the phosphorylation of mMTOR/p70S6K/
cancer (HelLa) elFAE and ERK signaling pathway, and down-regulate the
expression of VEGF and EPO
Liver cancer (HepG2), Increases the degradation of HIF-1a by inhibiting the [85]
lung cancer (A549) binding of HSP90 and HIF-1a, then reduce the nuclear
translocation and nuclear accumulation of HIF-1a protein
Glioblastoma (U87) Inhibit the activation of PI3BK/AKT/mTOR signaling [86]
pathway, thereby reducing the expression of HIF-1a,
CD31, VEGFR2, Ang2, and VEGFA, and inhibit tumor
angiogenesis and the formation of angiogenic mimicry
Triptolide Melanoma (A375) Inhibit the activation of HIF-1a/EMT pathway, thereby [87]
inhibiting the invasion and metastasis of human melanoma
cells
Liver cancer Inhibit mRNA and protein expression of HIF-1a, HK2, [88]
(SSMC-7721) PKM2, LDHA, suppressing HIF-1a-mediated glycolysis
pathway
Parthenolide Colon cancer (HCT116), Inhibit the activation of NF-xB/HIF-1a pathway by [89]
glioblastoma (U87.MG), combining with 1xB kinase and preventing the degradation
breast cancer of IxBa (a protein that inhibits NF-xB)

(MDA-MB-231)

Andrographolide q Liver cancer (Hep3B Promote the induction of ubiquitination-mediated [46]
Ho o and HepG2) degradation of HIF-1a protein and reduce the expression of
HIF-1a and VEGFA

Caudate leaf
anthocyanin A

Liver cancer (Hep3B, Inhibit the expression of HIF-1a protein by blocking the [90]
Sk-hepl) biosynthesis of HIF-1a, and inhibit the transcriptional
activity of HIF-1a

g

S-Elemene Lung cancer (A594) Reduce the mRNA and protein expression of HIF-1a and [47]
survivin induced by radiation, thereby increasing the
apoptosis rate of tumor cells under radiotherapy

Artemisinin Breast cancer High-dose artemisinin can reduce the expression levels of [91]
(MDA-MB-231) HIF-1a and VEGF in tumor-bearing animals, thereby
inhibiting the activity of Noch1 signaling pathway and

tumor development
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Continued
Component Structure Cancer type Mechanism Ref.
Glaucarubinone Colon cancer (DLD1, Down-regulate the expression of HIF-1a and S-catenin [92]

HCT116, HT29,

HO

Borneol Glioma (C6)

SW480, SW1222)

through PAK1-dependent pathways, thereby inhibiting the
growth and metastasis of colorectal cancer

Down-regulate the expression of HIF-1a by regulating the [25]
mTORC1/elF4E pathway, thereby down-regulating the

expression of Bcl-2, and up-regulating the expression of

BAX and caspase-3

UbAb, 55 8RB RT3 Ik 4 Yes AH S B (1 5 5l B
T B AR HIF-L1a A I8 FIVRZ 32 158, - 00 o A e At PR 3o
fiff HK2 A1 FR 5 W ¥ ¥ -1 (phosphofructokinase 1,
PFKY1) 51 F Ty ae i 1, AT BH W HIF-1a /5 1) B
e 210 P SR T A A G 5

T NBELL N N B (Tripterygium wilfordii Hook.
f.) AR R A ) — R A =, BT PR A A
AL FZ A LIEZ AR T B HIF-la 3RIE, K
FEBUI R A8 A BORN G R RS 1 o 5 A R 40 2 ] FHL I
mTOR/p70S6K/elFAE A ERK 15 5 i % (I BEFR AL, £ &Y
V7K A e 200 B A S 20 PR R HIF-100 B8 1 1)
ik, 7 N VEGF M EPO IR, Ak, T ARRAER
T EANER A A 2 m] BRI T 40 i HIF- 1o (R 3R 08
K, I HIF-10 88 IR A RIZAR S . X 58 AT
2L AMH HSPO0 5 HIF-1a [ 45 &5, 4k 1T 34 I HIF-1a 11
Fafif Ay 0, TR AL R IE T PISK/AKT/mMTOR (5

538 P A0, 4% HIF-1a.CD31.VEGFR2.ANG2 Al
VEGFA (1314, 3k 1M 41 i) 5 o3 B2k 40 P Jeg 1) af A A
RV A RS TR R A
5.4 43

LY E — R E RN E LAY, (R
BB B ERNEERI SR Z 0. FEAEY
B2 v 24 1l 43 A I S R S5 3 P HIF-L1oc 38 196, X6 405K
PRI VST 1 R g (3 B)1491081,

/INBER E AL 5 243 3% (Coptidis Rhizoma)
O3 8 H R — b S A IR 2 A R, X R S SORE B R
PR B R RITER o /NBE AT E Ik 2 AL
T I HIF-Lo i % 521K © /NBEGR AT 38 I BH By PI3K/
AKT 1 Raf/MEK/ERK 15 5 8@ i#% [ 036, #i AKT 1
ERK 2 (IR 1L, M T U HIF-La 1) % S5 AR 1 K
SR @) JNBERALIE T 26S B A B A K RIS AR
2 A X HIF-L0 28 (A I BEARAE FHE; G /NBERE I

Table 5 Antitumor components of alkaloids of traditional Chinese medicine inhibiting the expression of HIF-1a. PEDF: Pigment epithelium-
derived factor; ODC: Ornithine decarboxylase; OAZ1: ODC antizyme 1; GSK-34: Glycogen synthase kinase-3/; BCRP: Breast cancer

resistance protein; NF: Nuciferine

Component Structure Cancer type Mechanism Ref.
Berberine Lung cancer (A549, Down-regulate HIF-1a/VEGF/PEDF signal ~ [93]
H1299) by blocking PI3K/AKT and Raf/MEK/ERK

Gastric cancer (SC-M1)

Cervical cancer (HelLa)

pathway activation, thereby inhibiting tumor
growth and angiogenesis

Down-regulate the transcription and [94]
translation levels of HIF-1a by inhibiting

P13K phosphorylation, thereby overcoming

the radiation resistance of tumor cells

Promote HIF-1a degradation through 26S [95]
proteasome hydrolysis pathway and lysine
acetylation

Liver cancer (MHCC-97L, Inhibit the expression of HIF-1a/VEGF axis  [96]

HepG2, SK-Hepl)

Colon cancer (HCT116)

by inhibiting 1d-1 gene expression, and then
exerting anti-angiogenesis effect

Inhibit the expression of HIF-1a, ODC, [97]
C-MYC, up-regulate the expression of

OAZ1 and SSAT, thereby protecting the

intestinal mucosal barrier and inhibiting

tumor growth
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Continued
Component Structure Cancer type Mechanism Ref.
Prostate cancer (LNCaP,  Inhibit the expression and nuclear [98]
DU-145) translocation of HIF-1a and VEGF, thereby

significantly improving the radiosensitivity
of tumor cells in vivo and in vitro
Nasopharyngeal carcinoma Inhibit the expression of HIF-1a and VEGF,  [99]

(CNE-1, CNE-2) thereby improving the sensitivity of tumor
cells in vivo and in vitro to radiotherapy
Breast cancer (MCF-7) (O Low-dose berberine can enhance the [100]

sensitivity of cells to DOX by blocking
AMPK/HIF-1a/P-gp pathway; @ High-
dose berberine can induce p53 activation by
down-regulating the expression of AMPK/
HIF-1a, and directly induce apoptosis

Sanguinarine Breast cancer Inhibit the nuclear co-localization and [101]
(MDA-MB-231) interaction of HIF-1a with p-STAT3-Tyr and
p-STAT3-Ser, destroy the transcription
complex composed of the three, and inhibit

the activation of the target protein

Liver cancer (HepG2, Inhibit HIF-1a/TGF-4 signal transduction [102]
Hep3B, Huh-7, SK-Hep-1, and Smad and PI3K-AKT pathway activa-
Bel-7402, Bel-7404, tion, thereby inhibiting tumor growth and

SMMC-7721, MHCC- EMT
97H, MHCC-97L)

Matrine Colon cancer (HCT116, Reduce HIF-1a mRNA and protein levels to  [103]
SW620) inhibit the expression of GLUT1, HK2, and
LDHA, thereby reversing Warburg effect
and inhibit the growth of tumor cells in vivo
and in vitro
Evodiamine R Colon cancer (LoVo) Inactivate PI3K/AKT signal transduction by  [104]
\ N reducing the expression of IGF-1, thereby
N down-regulating the expression of HIF-1a
P
Gramine / Hamster buccal pouch Down-regulate the expression of HIF-1a, [105]
"‘\ carcinoma (induced by MMP-2, MMP-9, VEGF, and VEGF-R2 by
DMBA) inhibiting the TGF-g/Smad signaling path-
A\ way, thereby preventing the neovasculariza-
] tion and remodeling of tumor extracellular
matrix
Dictamine e Liver cancer (SK-Hepl),  Reduce the synthesis of HIF-1a by down- [106]
lung cancer (A549), colon regulating the mTOR/p70S6K/elF4E and
cancer (HCT116) MAPK pathway and reduce the expression

of Slug protein by inhibiting the GSK-34/
Slug pathway, thereby inhibiting the
abnormality of EMT markers expression

10-Hydroxycampto- Liver cancer (VX2) Inhibit the expression of HIF-1a and VEGF  [107]

thecin in liver cancer tissue after embolization,
thereby inhibiting angiogenesis
Nuciferine fc Colorectal adenocarcinoma Suppress the activation of Nrf2 and HIF-1o.  [108]
(HCT-8), lung cancer by inhibiting PI3BK/AKT/ERK pathways and
(A549) further reduce the expression of P-gp and

BCRP, contributing to the sensitizing effects
of NF against MDR
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Component Structure Cancer type Mechanism Ref.
Discorhabdin B Prostate cancer (LNCaP),  Block the interaction between HIF-1a and [44]
colon cancer (HCT116, transcription co-activator p300, reduce the
COL0205) transcription activity of HIF and the
expression of VEGF
Discorhabdin B dimer Prostate cancer (LNCaP), Block the interaction between HIF-1a and [44]
colon cancer (HCT116, transcription co-activator p300, reduce the
COLO205) transcription activity of HIF and the
expression of VEGF
3-Dihydrodiscorhab- Prostate cancer (LNCaP), Block the interaction between HIF-1o and [44]
din C colon cancer (HCT116, transcription co-activator p300, reduce the
COLO0205) transcription activity of HIF and the
expression of VEGF
Makaluvamine F Prostate cancer (LNCaP), Block the interaction between HIF-1a and [44]
colon cancer (HCT116, transcription co-activator p300, reduce the
COLO0205) transcription activity of HIF and the
expression of VEGF
Discorhabdin H Prostate cancer (LNCaP),  Block the interaction between HIF-1a and [44]
colon cancer (HCT116, transcription co-activator p300, reduce the
COLO0205) transcription activity of HIF and the
expression of VEGF
Discorhabdin L Prostate cancer (LNCaP), Block the interaction between HIF-1a and [44]

colon cancer (HCT116,

y COL0205)

transcription co-activator p300, reduce the
transcription activity of HIF and the
expression of VEGF

T 1 DNA &5 & 43464l K+ 1 (inhibitor of differentia-
tion/DNA binding-1, I1d-1) ) J5 2l F i P 1 HfE 5%
KT, BRI FRAR 1d-1 56 HIF-1a 85 (A RORSE VRIS, /NBE
BT HIF-Lo 388 26 (140 1) 4 523 F 8 T R i VEGF.
PEDF . P-gp %5 £ Fh B K] 1) 23K, I A R i) 1 g
A TR I A AR A, IR B AR T AT A AR B
P 4| R e | L, e OV 5 22 B i JRE A M R e AT
BURIT B RBURAE (AR WAL 5). X EETRIZRIT, /N
BEWi 2 — M A REF AT st M 2459, 54097 Vil
97 S A G R IR T T B A T RS 3 R 3 AR PR
I HE B 2 M 1 9% [ [Macleaya cordata (Willd.) R.
Br.] &5 2 SERME Y b R B 2R IF SEnE KA, B

T B o 1 o AR B AR AR A AR 25 R A ) HIF-1a
5 p-STAT3-Tyr #1 p-STAT3-Ser ) #% 3£ & £i7 F1 41 T 1F
H, R =T U e 5 A4, kT ) VEGF 4841
He DR B S80S RO B R AR KB, B ST ik & TGF- AN
PI3K A 56t 1) 4 A 4/ J5 J5 AH OC 2 1 ) %08 Bl0d i TGF-
SWIHE 4T E S EMT &4, 1 TGF-1E58 T HIF-1a )
F ik Jo FHE Ik N Bk B8 I % 9 (carbonic anhydrase 9,
CA9) 1 VEGF ) #% 3%, MM TE 1% HIF-1a/TGF-p Hif 5t
G . AR RT3 0 B A T 1 TGR-B 11 23 W4,
BHWT TGF-p 75 T 1 HIF-1a R IA 38 0, A 240 ] HIF-1a
IR G Ar . LA, AR BRAE ] T B 75 5 1 Snail &
37« Smad F1 PISK/AKT 38 #% [0, M #00 1 fi Jgd 2E
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Ko\ b R 15 F A0 AN A i RO
55 s

ZHR AR — RN Z AR 2
TEVERCSY, BAA TR B TS BR B RS
Flo Horh 23 & RIS . (3 2 B 4 O AIE A T

ok Z FHLH AN HIF-Lo (¥ 3 B0 (3 6)P7°319 1%,

F I E N (Curcuma longa L.) 4 25
R — R 2R L Thae s 1, KA TS5 EHAR
RN GEE 1 a f- AR B R 2, i B
PU ML A= B B0 e 40 8 B0 A 3 9 0 L o i

Table 6 Anti-tumor components of polyphenols of traditional Chinese medicine inhibiting the expression of HIF-1a. MCL-1: Myeloid cell
leukemia 1; PARP: Poly(ADP-ribose) polymerase; CAF: Cancer-associated fibroblasts; CXCR4: C-X-C chemokine receptor type 4; IL-6:
Interleukin-6; IUDR: 5-lodo-2-deoxyuridine; CBR1: Carbonyl reductase 1; IL-15: Interleukin-18; SIRT1: Sirtuin 1; AR: Androgen receptor

Component Structure Cancer type Mechanism Ref.
Curcumin Hemangioma Reduce the mRNA expression of HIF-1e.and ~ [109]
oH (HemECs) MCL-1 to inhibit the expression of VEGF and
promote the activation of caspase-3 and the
increase of PARP lysis
Lung cancer (A549)  Promote the degradation of HIF-1a by protea-  [52]
some pathway and activate the expression of
caspase-3, thereby inhibiting tumor cell
proliferation, reverses drug resistance to
cisplatin, and induces apoptotic death
Prostate cancer (PC3) Inhibit the signal transduction of MAOA/ [53]
MTOR/HIF-1a pathway to block CAF-induced
tumor invasion and EMT, thereby inhibiting
the generation of ROS and the expression of
CXCR4 and IL-6 receptors
Breast cancer Inhibit the expression of HIF-1a at the tran- [110]
(MDA-MB231), scription and translation level to display anti-
prostate cancer (PC3) cell proliferation and angiogenesis effect
Tetrahydrocurcumin i Cervical cancer Down-regulate the protein expression levels of [111]
S = Z~ "~ (CaSki) HIF-1a, VEGF, and VEGFR2, resulting in
o e | . reducing microvessel density in tumor models
Resveratrol o Tongue squamous Block the p42/44MAPK and PI3K/AKT [112]
o ~ ‘ cell carcinoma pathway activation and promote the degrada-
O (SCC-9), liver cancer tion of HIF-1a through 26S proteasome path-
(HepG2) way to inhibit HIF-1a protein accumulation
L and down-regulate the expression of VEGF
mRNA and protein levels
Lung cancer (LLC), Reduce the ROS level of tumor cells by [113]
colon cancer (HT-29), regulating the activity of antioxidant enzymes
breast cancer (T47D) or the inherent ROS scavenging ability, and
then inhibit the protein accumulation of HIF-1«
induced by ROS, the expression of GLUT-1
and the glycolytic flux
Nasopharyngeal Down-regulate the expression of HIF-1a and [114]
carcinoma Bcl-2 protein, and up-regulate the expression
(CNE-22) of caspase-3 by reducing the phosphorylation
level of the pAKT1/p70S6K/p-4E-BP-1 signal-
ing pathway and cyclin expression
Lung cancer (A549) Inhibit the expression of STAT3/HIF1a/VEGF [115]
pathway in non-small cell lung cancer
(NSCLC) rat model
Glioblastoma Inhibit the expression and protein activity of [116]
(UB7TMG) HIF-1a, causing the S phase arrest of tumor
cells and the increase of IUDR absorption,
achieving radiosensitization
Breast cancer Reduce the protein expression of HIF-1a [117]

(MCF-7)

through non-proteasome-dependent pathway,
thereby inhibiting the hypoxia-induced CBR1
metabolism of doxorubicin
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Component Structure Cancer type Mechanism Ref.
Pancreatic cancer Inhibit HIF-1a protein expression and Hedgehog [118]
(BxPC-3, Panc-1) signaling pathway through post-transcriptional
mechanism, thereby inhibiting tumor cell
migration and invasion induced by hypoxia
Osteosarcoma Interfere with the translation process of HIF-1a [119]
(Saos-2) and promotes HIF-1a protein degradation to
increased E-cadherin levels, and decrease
vimentin expression
Gastric cancer Reduce the level of HIF-1a protein to inhibit ~ [120]
(SGC7901) the activation of Hedgehog-related signaling
pathways and the abnormal expression of EMT
markers
Ovarian cancer (D Down-regulate HIF-La expression by [121]
(A2780/CP70, inhibiting the activation of MAPK and PI3K/
OVCAR-3) AKT pathways; @) Inhibit the phosphoryla-
tion of p70S6K1, S6 ribosomal protein, 4E-
BP1, elF4E to reduce IGF-1 induced HIF-1a
protein synthesis; @ Induce degradation of
HIF-1a through proteasome pathway
Breast cancer (ASC)  Increase the binding affinity of SIRT1 and [122]
HIF-1a and inactivate the latter through
Lys674 site deacetylation, thereby reducing the
interaction between HIF-1a and co-activator
p300 and inhibiting the transcription of
aromatase genes
Prostate cancer Reduce HIF-1a expression through non-protea- [123]
(LNCaP) some-dependent pathway, thereby inhibiting
the nuclear localization and nuclear accumula-
tion of g-catenin and blocking g-catenin-
mediated AR signaling
Rhapontigenin ™ Colorectal adenocar-  Enhance the binding of hydroxylated HIF-1a to [124]
. cinoma (SW620), pVHL to inhibit HIF-1a protein accumulation
- . ‘ breast cancer (MCF-  and VEGF secretion
O 7), fibrosarcoma
(HT-1080), prostate
oH cancer (LNCaP, PC-3)
Pterostilbene o Prostate cancer Inhibit the signal transduction of metastasis- [125]
o N (LNCaP) associated protein 1 (MTAL)/histone deacety-
| lase (HDAC) pathway and reduce the reduction
= of MTA1-dependent HIF-1a, VEGF, and IL-
o 15, thereby making tumor cells resistant to the
HDAC inhibitor SAHA treatment sensitization
Epigallocatechin-3- ™ Lung cancer (A549) Inhibit insulin-like growth factor-1 (IGF-1)- [126]
gallate o induced HIF-1a protein accumulation and
Ho o VEGF expression, resulting in anti-tumor
e angiogenesis effect
om ” om
OH
OH
Lauryl gallate " Glioblastoma (U87)  Induce tumor cell apoptosis by inhibiting the  [127]

expression of P-AKT, HIF-1a, HIF-2a, and
S-catenin
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Continued
Component Structure Cancer type Mechanism Ref.
Honokiol Lung cancer (H460, Reduce the protein stability of its target gene [128]
Ab549, H358, H2122) HIF-1a by up-regulating the expression of
SIRT3
Colon cancer (CT269) Improve the effect of radiotherapy and delay [129]
the tumor growth rate by reducing the transcrip-
tional activation of HIF-1a and its coupling to
HRE oligonucleotides
Piceatannol-3-O-4- o Fibrosarcoma (HT-  Inhibit the activation of HIF-1a/VEGF path- [130]
D-glucopyranoside ‘ 1080) way under normoxia and hypoxia

ZiPER AR 22 AL RS IS 2 Bl bR s, HALH S
L FINH] HIF-1a (1) 32 35 TG caspase-3 3t 1M i 1
¥ VEGF.P-gp.ROS. £ % it — B IR A% bl 5% & B
[poly(ADP-ribose) polymerase, PARP] % [ 3 K] % ik 7K
SPAHOG . R FEMN LT B R MEH HIF-1a 3%
ik O 23R 0] 7R R 3 R KR ) O
MDA-MB-231 4 il 1 57 4] Jlit f& PC3 4 Jfd t HIF-1a 1)
FxM @ AN A VA IT AT R HE HIF-1a )
| A B ROR 1R PR AR, FE 0T caspase-3 [ F &P, B) %
TH F% 00 W] O 1 ) 5 S 4L B (monoamine oxidase,
MAOA)/MTOR 38 % 115 5 % 3 BHL Wt Jof 988 A 5% 1l 41 4
41 il (cancer-associated fibroblasts, CAF) % 5 [£) HIF-
lo FaE EATE I IN®Y, DA EHRLEZHEME
BARHI 2 —, H RN B- A S5 S 2 R A
8L, I LA 8 5 (1 T A e Y. DU R R T
JEIL N A HIF-1a. VEGF fl VEGFR-2 1) 5 1R 1A /K7
3 35 [RGB 0N B A B ) L A R, o) e g
ML P S o 1 AR

32  (resveratrol, RES) /& 124 [£ £ (Polygoni
Cuspidati Rhizoma Et Radix) # ] Z & %y —, AH
Ul PUAA BT R A R T S 2 S . RES T
T A0 HIF-10 38 2% 130 N I VEGF.GLUT-1. #k
5t & J5U B 1 (carbonyl reductase 1, CBR1). Bcl-2. -
catenin.Hedgehog 15 518 % DA & EMT fr &) 1) 570 3%
T, T A R LA A R 3 A A T e
e U e BN i R B O N e B
FREeR g o R 4= 28 N PO AR B . RES 11 il
HIF-1o RIEMALH EZA LT LA © B EER
BH W7 p42/44AMAPK F1 PISK/AKT il #% () 30, 31 ~
T HIF-1a A, @ AR AR T HIF-1a 1 26S
R A AR B AR, R T A HIF-1a 2R R R 212,
@) [ 2y e ] I A ) i I 2 RE AR K R -1 (insulin-

like growth factor-1, IGF-1) i 5 i) & [ 80 3 U 4% (R 1
p70S6K1.S6 #% K {4 & [ . 4E-BP1. elFAE [f) i i 14 411
il HIF-1a 8 (& Y, @ 22 7 e il ok i 1 P i g
T 1 5 [ A5 1K) ROS ¥ Bk B8 7 AT FAAIC /il /88 41 A2 (1) ROS
KT, 4k ROS 5 5 (1 HIF-1a 1 & I FLEM; B
1 22 7 B nl Ay sirtuind (Sirtl) 3% sh77), 380 Sirtl 5
HIF-1a [ 45 &, Al J5 3 1) Lys674 17 15 25 Bk Ak 23,
HE T A0 ] HIF-10 5 3% 38005 B 5 p300 2 [8] 1) 4H B A
™2 © (A B 8 L BT STAT3 (30, #0 1 iiF
HIF-1a [ 35 R 223 f HIF-1a THESTE DS, AN E 2,
{2 7 I m] G ek 22 RO U HIF-Lod 38 3% 180, 75
o B 5 T A R e g TR LA )RR 0 S AT
5.6 BFEHK

TR — RGN B A% (M S Joe AN L AR AL A YR 1 8
AP UL =R R A IR R, FBEAFET
HnELZEHRL AR BER AR SEY . B
A CL I8 011 HIF-1a0 32928 1) 2 1 28 1l 20 AH 5 5 2
(G B A R BONIRA N Ak S 2 DA
Z 51 Rg3.

Fk# 21 D (SB365) & M EEREY A LS
[Pulsatilla chinensis (Bge.) Rege] " 4> & 5 21| {) — Fh 40
JHREIE L 2« Hong 25 M20F 7t 2 Bl , SB365 1] A5 243l
il PIBK/AKT/mTOR il % 3 i , 4k 1M P& % HIF-1a Al
VEGF 215, 2 2 i s B MR A A ) A K. Son
S0 E] R B SB365 1] & 2 [ Ik HIF-1a 1 VEGF [
FIB M R FEPUMLAE A2 BOAE FH, M) 7 e Ji s 40 A 1
JERTE B /DN B N A% A8 52 56 3R B, SB365 i it 411
LA A AN 15 5 e e 4 B O S o PR AR G 2
YRIT IR ) R IR 259

ANZ 21 Rg3 2 HKE I 4 5t 2 NS (Ginseng
Radix Et Rhizoma) 1 3= £ ()3 1% %7, &4 M T Im IR
FUMIRIETT o I JLAERT FUER A, Rg3 W] JE i 2 Ff AL
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Table 7 Anti-tumor components of saponins of traditional Chinese medicine inhibiting the expression of HIF-1a. GEM: Gemcitabine;
PTX3: Pentraxin 3

Component Structure Cancer type Mechanism Ref.
Pulsatilla Liver cancer (Huh-7 and Reduce the expression of HIF-1a and [132]
saponin D HepG2) VEGF by inhibiting the PI3BK/AKT/

mTOR pathway, thereby inhibiting
tumor growth in tumor-bearing animals
Pancreatic cancer (PANC-1, Reduce the expression of HIF-1« and [133]

MIAPaCa-2, BXPC-3, VEGEF to prevent angiogenesis, thereby

AsPC-1 and HPAC) inhibiting the formation of tumor balls
Gensenoside Oesophageal carcinoma Promote HIF-1a protein degradation [134]
Rg3 (Eca-109, 786-0) and inhibit expression of COX-2, NF-xB,

phosphorylation of STAT3, and phos-
phorylation of ERK1/2 and JNK, thereby
reducing the expression of VEGF
Ovarian cancer (SKOV3, Up-regulate the expression level of miR- [135]
A2780) 519a-5p by reversing DNA methylation
mediated by DNMT3A to inhibit the
expression of HIF-1a and antagonize
the expression of HK2 and the Warburg

effect
Ovarian cancer (SKOV3, Promote the degradation of HIF-1a by~ [136]
3A0) activating the ubiquitin-proteasome

pathway, and then reduce the expression
of HIF-1a, thereby inhibiting the
transcription of Snail and the abnormal
expression of EMT markers
Oesophageal carcinoma Down-regulate HIF-1o.and VEGF protein  [137]
(EC109, TE1, KYSE170) levels to enhance the radiosensitivity of
tumor cells under hypoxic conditions
Lung cancer (A549, SPCA1) Block GEM-induced ROS-mediated [138]
activation of AKT and ERK pathways to
inhibit nuclear accumulation of HIF-1a
and NF-xB and reduce the expression of
drug-resistant phenotype PTX3
Gastric cancer (GPL mice)  Down-regulate the expression of HIF- [139]
la, LDH, and HK2 by inhibiting the
PI3K/AKT/miRNA-21 pathway, and
then relief the abnormal glycolysis in
the mouse GPL model

Notoginsenoside Breast cancer (MDA-MB-  Down-regulation of HIF-1a expression  [140]

Ftl 231) by inhibiting phosphorylation activation

of AKT/mTOR/p70S6K and MAPK

pathways
Rhizoma Paridis — Liver cancer (H22) Down-regulate the expression of PI3K/  [141]
saponins AKT/mTOR and HIF-1a/Myc/Ras by

activating tumor suppressor genes P53

and PTEN, and further reverse tumor

cell aerobic glycolysis
Astragalus — Colon cancer (HCT 116) Inhibit hypoxia-induced activation of [142]
saponins mMTOR/HIF-1a/VEGF axis to inhibit

tumor angiogenesis
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I HIF-1a {5 5@ 8% 1R IA, X 0T 582 H R FEHL MR
I 3 AR R 12 28 R0 RE O DL R VA T 3 BUAE
FHRSO S EHLH] . G0 Rg3 AT BELWT 5 Pt (gemcitabine,
GEM) % 5 1) ROS /1 T K AKT Al ERK il 4% %, it
T 00 1) e 3 40 HIF-Loc R NF-B R AZHERR, BERAR T
iR PTXI R IEM . Fi a1, Rg3 1l i i #1] PI3K/
AKT/miRNA-21 38 ¥ i) 0% & HIF-1a. LDH. HK2
eIk, gk k2% /) BB HT A2 (gastric precancerous
lesions, GPL) 45 784 [l P A S o, IR AIG I O 1D R A XL
R, A, NS R Ro3EHE T & E AR+ HIF-1a
AR PR AR, B 408 T HIF-10 2 R ZE 9, JE30)
TR S 1 COX-2 . NF-xB 1321k . STAT3 [ R 1k
PL A ERK1/2 F1 c-Jun 23 K i # % (C-Jun N-terminal
kinase, JNK) 1) % B 1k, 3 M N 8 VEGF 1) & i£"9,
Rg3 1 F T 01 598 40 M ) ] #0863 HIF-1a/HK2 38

% (1 22 35 A Warburg R85, FLAL I 5 F 4] DNA
I # BE 3 (DNA methyltransferase 3A, DNMT3A) 4
T miR-519a-5p Fi {4 & K 5 21 X I8 1 ¥ DNA F 5
b33t 1M 1 1 miR-519a-5p 7K ¥ ¢ . Rg3 i AT i i
T2 3 O AR A I HIF-Lo 1 B A, 2E T 4000 7]
Snail i #% 3%, (2 E-TS & &= 1 LI AMBOEE AT
R, 7 LD G0 S5 AR R PR RS o ) EMTER,
57 Hfts

HETEIE R MR EZ R T ER A S
W), G R R AL 5 R H A A W R LA — o I
it R 200 HIF-10 386 R4 (3R 8)10 14515,

2% SR IR e EH W PR RS Y R R M 2 8 R ) e B 4 6 T
F 4 Ty 2, 75 424RAE (Lonicerae Japonicae Flos) 25
SRR E . SRR AN HIF-1a 1 & A B
A A% B At 400 ) SR A5 3 B HIF-1a B 1R R AN G 5%

Table 8 Other antitumor components of traditional Chinese medicine inhibiting the expression of HIF-1a. LOXL2: Lysyl oxidase-like pro-

tein 2; JAK2: Janus kinase 2; DIl4: Delta-like ligand 4; Sox2: Sex determining region Y-box 2; OCT4: Octamer binding transcription factor 4

Component Structure Cancer type Mechanism Ref.
Chlorogenic g Lung cancer Inhibit HIF-1a protein accumulation and [143]
acid o P, (A549) transcriptional activity by promoting

HOU\VL /O—\"/"" proteasome degradation of HIF-1¢, and
¢ ¥ inhibit angiogenesis by inhibiting HIF-1a/
Ho! ° AKT signal transduction
Prostate cancer (D Down-regulate the expression of HIF-1a  [144]
(DU145) by inhibiting the expression and functional
activity of SPHK-1; @ Reduce the stability
of HIF-1a protein and reduce the expression
and secretion of VEGF by inhibiting the
phosphorylation of AKT/GSK-3p pathway
Salidroside W Y Liver cancer Inhibit the expression of HIF-1a by promoting [145]
/\]:]J/ \/\©\ (HepG2) the degradation of HIF-1a, and then signifi-
e | » ks cantly increase the sensitivity of tumor cells
.,« to platinum drugs and inhibit hypoxia-induced
EMT
Pancreatic Inhibit the expression and transcriptional [146]
cancer activity of HIF-1a and reverse the tumorige-
(BxPC-3) nicity of BxPC-3 cells induced by LOXL2
overexpression
Breast cancer  Down-regulate the protein expression of [147,
(MCF-7) HIF-1a/HIF-20 and inhibit the activation of 148]
mTOR pathway and tumor angiogenesis
induced by hypoxia
Erianin o Lung cancer Inhibit HIF-1a, MMP-2/-9, COX-2, IL-6, etc. [149]

\Q Lo
‘ o
Fraxinellone /o
—

(2LL) by down-regulating indoleamine 2,3-
dioxygenase (IDO)-induced phosphorylation
of JAK2/STAT3

Lung cancer @ Inhibit the synthesis of HIF-1a by inhibiting [150]
(A549), mTOR/p70S6K/elF4E and MAPK signaling
cervical cancer pathways, @ inhibit the activation of STAT3
(HeLa), liver by inhibiting JAK1, JAK2, and Src pathways,
cancer (Hep3B) and 3 inhibit the expression of PD-L1 by

inhibiting the synergism of STAT3 and HIF-1a
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Continued
Component Structure Cancer type Mechanism Ref.
Sulforaphane . ﬁ Colon cance The expression of HIF-1a and VEGF is [151]
%‘“C\x\\“/\/\\/s\ (HCT116), significantly down-regulated by affecting the
gastric cancer  stability of HIF-1a protein, thus inhibiting
(AGS) tumor angiogenesis and metastasis
Lutein Breast cancer  Inhibit the expression of HIF-1a by decreasing [152]
<. (MDA-MB- the production of ROS, and then down-
157, MCF-7)  regulate the expression of NOTCH signal,
hairy and enhancer of split related-1 (HES1)
and EMT-related factors
4
o N/
/
Arsenic ‘\ /0\ /0 Lung cancer Inhibit the mMRNA and protein expression of [48]
trioxide om (A549, HIF-1a to decrease the level of VEGF-A, and
SK-MES-1, down-regulate the expression of VEGFR-2,
NCI-H460) DIl4 and Notch-1, thereby exerting the effect
of anti-angiogenesis
Esculetin i O Breast cancer  Down-regulate the expression of HIF-1o.and  [153]
. m (MDA-MB- then reduce the expression of dry related
: 231) markers CD44, Nanog, Sox2, and OCT4,
inhibit the proliferation of tumor cells and
reduce the dryness of tumor cells
Polypeptide — Liver cancer Up-regulate the expression of PTEN to inhibit [154]
from scorpion (H22) the expression of PI3K, p-AKT and HIF-1a,
venom and improve the anti-angiogenic effect of 5-Fu
Dandelion — Liver cancer Decrease the expression of HIF-1a and VEGF [155]

polysaccharide

(Hepal-6, H22, by inhibiting the phosphorylation activation
HepG2) of PI3K and AKT

TGP R I T g 4 1) U RE B 1 (sphingo-
sine kinase-1, SPHK-1) F &1 A1 Ty B 3 P4 7 I Gk AL 155
S HIF-1a %3k, I 30 i 40 AKT/GSK-3/4 3 4 (1)
PR A IS HIF-1a 82 E B9 A E M, 451 K 1 VEGF (1) 5
DRI 20, R B 88 e A= B 4 F B

AR EERE T RBHEY RELF R
[Rhodiola crenulate (Hook. f. et Thoms.) H. Ohba] T
BRI 28 . 205 R AR HIF-1a 172 R A6 P fi#
F 38 L F ) HIF-1o 15 5 300 % S5 325 3% 0 H s 40 i x40
SRR, A SRS 3 A e b - TA) AR
JR AL, RN — P RO AR 2 BRI
AU B o (1 R 4 i v I AR AL Bl A R 2 (lysyl
oxidase-like protein 2, LOXL2) [ i%, ¥ i MMP
BIFRIL FF 5 MR A A A B S AR 28 . T 20 S5 R A
HIF-Lo #1771 KC7F2 4b ¥ A Jige fi e BXPC-3 411l )5 7
B 55 1A HIF-Lo (1 2208 R Sy 1, 61T 19 % HIF-1a
7 31 LOXL2 1 ik 5 e 1 Fom 9. bAh, a0 5%
R ANZL S5 R AR I 34 7] R HIF-1a/HIF-2a 11 5
Ak, Hi) LM A M b B A 3 0 mTOR 8 % 1) 38
TG R R LA S g A T

6 RE5iHL

415 5 R HIF-Lo i B 220 7 72 33 i 8 4t i S5
o S TR LA AR R R A S T 24 3 AR
AR S R RSB RBER, JF S 2 R R AL
JERE B E A RS % V)M . B HIF-1a #0R
2R YT BB 1A RO BRIV A e RE B AR 2R AT
RIS AL R ZE . B H BT AR, Sk LR
25, A4 PX-478 .EZN-2968 .echinomycin.YC-1 % ]
T 001 PR R R HIF-10 OB o R Ah, — S dEE B
B 0] HIF-Loc (1) 25 40 0% 45 8 LA $ HIF-1a 3R 1K 1)
YEF . SR, B K 22 H HIF-Lo 4100 790 10 1 G 25K SR 52
B F M 3o A/ECA AN AR AR BR ™Y, TR R 2 R
o BTLL, WA N R HIF-1o 305 1 58 2O 25 108 AL Bt
JiRg 2 ok B, KRR, 2 R 7E
Xt HIF-La AH O 1 (2 988 45 F O T B BRIRE g, 77
3 I B BRI B A ) HIF-1a 263 K ¥ 0 Ik 988 4 i 1
B IR I A S T8 A R T e e R 12 2R AN 1)
TEF . BRIbZ b, o 2535 o vl i 2036 HIF-1a 155
1 e R T 243 R R SRS ER B A 25 R AT R ik
7 B iR T U 2R VR T RO B R R E
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L33 6 T AR P R T I PR A4 Tk A AR AT S T I
—EMIBbGR . B, TG A K HIF-108 2% 1T g
AEAERUA AT VE A o IR I B AE 1 22 7 BT 15, 16-
XX % ? EIEJ I[158] . /J\ )73'% E}az[loo,lsg] . W & %[54,160] . 3’5‘ %’: %[161]
LA BRI T R DR, IR F — R TS
YRR AT B2 IR AR 72 )1 OB A A R VR SUOKCE

2557 S AN A HIF-1o0 08 1% 72 AR AN R R 32 5 2, &
%%hﬁ%ﬁ?h*%ﬁﬁmﬁﬁﬁmpmmﬂm
SRAT A1 5 b, B R— D IALHEER . 2
=L W2 R B WAF A KT I 22 M R e 1 55 AR
R A= R A ) 1 25 S ), T B PR Ak
SZRIPR) o BT 2R MRS 1) B B B T A
THERARG T LA BT R L. i ABARR
R Sanazole-/)NBE G- S A Ak 9K b B2 A U /N BE
B 55 1 (SD) 8 B 1 Bk o 45 457 O ok 4 v S5 3
T T B AV I RS SRR M L L2 R B RR T R
P, A M H HIF-1o BB IO R IE . KRR 5
B W REAT AR A LA S 245 B4R FE U2 57 — o
FEmEO hn HS-1793 & — A A 11 3 L 1 2 2R
B, FANE B P I i AT A R AU S5 1, [T
B B LA T 5 (0 P 7, mTad sk BH T PISK R AKT
F) Bl 2 A 035 A4 1) HIF-10/ VEGF 1 [ ) 3% 151651681
=, VP2 AT 25 MR R TR HIE-Loc 300 70 411 PR
RURIE S AT B TR AMTE 7, T e = 4k P 2 56 () ik — 20
BHRUGAE . 1X 52 T/ R &SI AR N S SRR B A
TE— 58 B PR A PR R0 R R, 207 R RE 8 ) B ROt
FAREIS SR A RDR ARSI ER. WD

£ VBT 3@ RIS B G928 R SRR P L W 1 R AR

MR 34, AT B8 536 T 18 v HIF-Loc 3001 70044 PO AF 52 10
HERE . 50U, Y2 HIF-Lo 0 H] 770 A B8 1 1 PR I
56 1) Ji DR R 2 52 3R T IR R R B R B AL, R
YHE Tff 3% E A 37 A0 R 4 2 ) HIF-1a R 38 K F .
HIF-Lo 75 AN 8] ifRg S8 284 3 2 1 DA R AN [R] IX sk 42
e I N TP R IE KPR RPN, 2 R iE ARG i2
J7 T B 3% B E g 20 2Ry S 1 R 3R A HIF-1a IR %
VERIEFEXT G, AT LS AT 5Hh YAy o 24 395 1 B %o
SEAAR R P I PR AT

{5 BTAK: %5305 K 2 R VR S
VERRAE T S R R S T R B HBE
S 5= 4/

FUZEIRSE: A 75 B IR AA AT ) i o 58

References

[1] Sauer AG, Siegel RL, Jemal A, et al. Updated review of preva-

lence of major risk factors and use of screening tests for cancer

(2]

[31

[4]

[5]

(6]

(71

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

in the United States [J]. Cancer Epidemiol Biomarkers Prev,
2017, 26: 1192-1208.

Nalini D, Selvaraj J, Kumar GS. Herbal nutraceuticals: safe and
potent therapeutics to battle tumor hypoxia [J]. J Cancer Res
Clin Oncol, 2020, 146: 1-18.

Hockel M, Vaupel P. Tumor hypoxia: definitions and current
clinical, biologic, and molecular aspects [J]. J Natl Cancer Inst,
2001, 93: 266-276.

Masoud GN, Li W. HIF-1a pathway: role, regulation and inter-
vention for cancer therapy [J]. Acta Pharm Sin B, 2015, 5: 378-
389.

Burroughs SK, Kaluz S, Wang DZ, et al. Hypoxia inducible
factor pathway inhibitors as anticancer therapeutics [J]. Future
Med Chem, 2013, 5: 553-572.

Akanji MA, Rotimi D, Adeyemi OS. Hypoxia-inducible factors
as an alternative source of treatment strategy for cancer [J]. Oxid
Med Cell Longev, 2019, 2019: 8547846.

Tang W, Zhao G. Small molecules targeting HIF-1a pathway for
cancer therapy in recent years [J]. Bioorg Med Chem, 2020, 28:
115235.

Terzuoli E, Puppo M, Rapisarda A, et al. Aminoflavone, a ligand
of the aryl hydrocarbon receptor, inhibits HIF-1o expression in
an AhR-independent fashion [J]. Cancer Res, 2010, 70: 6837-
6848.

Shamis SAK, McMillan DC, Edwards J. The relationship
between hypoxia-inducible factor 1o (HIF-1a) and patient
survival in breast cancer: systematic review and meta-analysis
[J]. Crit Rev Oncol Hematol, 2021, 159: 103231.

Wang Q, Hu DF, Rui Y, et al. Prognosis value of HIF-1a expres-
sion in patients with non-small cell lung cancer [J]. Gene, 2014,
541: 69-74.

Amankwah EK, Sellers TA, Park JY. Gene variants in the angio-
genesis pathway and prostate cancer [J]. Carcinogenesis, 2012,
33: 1259-1269.

Erpolat OP, Gocun PU, Akmansu M, et al. Hypoxia-related
molecules HIF-1a, CA9, and osteopontin: predictors of survival
in patients with high-grade glioma [J]. Strahlenther Onkol, 2013,
189: 147-154

Winter SC, Shah KA, Han C, et al. The relation between hypoxia-
inducible factor (HIF)-1o and HIF-2a expression with anemia
and outcome in surgically treated head and neck cancer [J].
Cancer, 2006, 107: 757-766.

Birner P, Schindl M, Obermair A, et al. Overexpression of
hypoxia-inducible factor 1« is a marker for an unfavorable
prognosis in early-stage invasive cervical cancer [J]. Cancer Res,
2000, 60: 4693-4696.

loannou M, Paraskeva E, Baxevanidou K, et al. HIF-1a in
colorectal carcinoma: review of the literature [J]. J BUON, 2015,
20: 680-689.

Ye LY, Zhang Q, Bai XL, et al. Hypoxia-inducible factor la



2714

24224 Acta Pharmaceutica Sinica 2021, 56(10): 2689 —2719

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

expression and its clinical significance in pancreatic cancer: a
meta-analysis [J]. Pancreatology, 2014, 14: 391-397.

Dai X, Pi G, Yang SL, et al. Association of PD-L1 and HIF-1a
coexpression with poor prognosis in hepatocellular carcinoma
[J]. Transl Oncol, 2018, 11: 559-566.

Martinez-Garcia MA, Riveiro-Falkenbach E, Rodriguez-Peralto
JL, et al. A prospective multicenter cohort study of cutaneous
melanoma: clinical staging and potential associations with HIF-1a
and VEGF expressions [J]. Melanoma Res, 2017, 27: 558-564.
Chen L, Shi Y, Yuan J, et al. HIF-1 alpha overexpression
correlates with poor overall survival and disease-free survival
in gastric cancer patients post-gastrectomy [J]. PLoS One, 2014,
9:e90678.

Tzao C, Lee SC, Tung HJ, et al. Expression of hypoxia-inducible
factor (HIF)-1a and vascular endothelial growth factor (VEGF)-
D as outcome predictors in resected esophageal squamous cell
carcinoma [J]. Dis Markers, 2008, 25: 141-148.

Chen Y, Zhang L, Pan Y, et al. Over-expression of semaphorin
4D, hypoxia-inducible factor-1a and vascular endothelial growth
factor is related to poor prognosis in ovarian epithelial cancer
[J]. Int J Mol Sci, 2012, 13: 13264-13274.

Semenza GL. Defining the role of hypoxia-inducible factor 1 in
cancer biology and therapeutics [J]. Oncogene, 2010, 29: 625-
634.

Bahrami A, Atkin SL, Majeed M, et al. Effects of curcumin on
hypoxia-inducible factor as a new therapeutic target [J]. Pharma-
col Res, 2018, 137: 159-169.

Vaupel P, Multhoff G. Fatal alliance of hypoxia-/HIF-1a-driven
microenvironmental traits promoting cancer progression [J]. Adv
Exp Med Biol, 2020, 1232: 169-176.

Wang Z, Li Q, Xia L, et al. Borneol promotes apoptosis of
human glioma cells through regulating HIF-1a expression via
mTORC1/elF4E pathway [J]. J Cancer, 2020, 11: 4810-4822.
Balamurugan K. HIF-1 at the crossroads of hypoxia, inflamma-
tion, and cancer [J]. Int J Cancer, 2016, 138: 1058-1066.

Palazon A, Goldrath A, Nizet V, et al. HIF transcription factors,
inflammation, and immunity [J]. Immunity, 2014, 41: 518-528.
Ma Z, Xiang X, Li S, et al. Targeting hypoxia-inducible factor-1,
for cancer treatment: recent advances in developing small-mole-
cule inhibitors from natural compounds [J]. Semin Cancer Biol,
2020. DOI: 10.1016/j.semcancer.2020.09.011.

Wang GL, Jiang BH, Rue EA, et al. Hypoxia-inducible factor 1
is a basic-helix-loop-helix-PAS heterodimer regulated by cellular
0O, tension [J]. Proc Natl Acad Sci U S A, 1995, 92: 5510-5514.
Min JH, Yang H, lvan M, et al. Structure of an HIF-1a-pVHL
complex: hydroxyproline recognition in signaling [J]. Science,
2002, 296: 1886-1889.

Jeong JW, Bae MK, Ahn MY, et al. Regulation and destabiliza-
tion of HIF-1a by ARD1-mediated acetylation [J]. Cell, 2002,
111: 709-720.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Tam SY, Wu VWC, Law HKW. Hypoxia-induced epithelial-
mesenchymal transition in cancers: HIF-1a and beyond [J].
Front Oncol, 2020, 10: 486.

Liu ZJ, Semenza GL, Zhang HF. Hypoxia-inducible factor 1 and
breast cancer metastasis [J]. J Zhejiang Univ Sci B, 2015, 16:
32-43.

Luo W, Zhong J, Chang R, et al. Hsp70 and CHIP selectively
mediate ubiquitination and degradation of hypoxia-inducible
factor (HIF)-1a but not HIF-2a [J]. J Biol Chem, 2010, 285:
3651-3663.

Liu Fi, Huang X, Luo Z, et al. Hypoxia-activated PI3SK/AKT
inhibits oxidative stress via the regulation of reactive oxygen
species in human dental pulp cells [J]. Oxid Med Cell Longeyv,
2019, 2019: 6595189.

Zhang J, Guo H, Zhu JS, et al. Inhibition of phosphoinositide
3-kinase/AKT pathway decreases hypoxia inducible factor-la
expression and increases therapeutic efficacy of paclitaxel in
human hypoxic gastric cancer cells [J]. Oncol Lett, 2014, 7:
1401-1408.

Zundel W, Schindler C, Haas-Kogan D, et al. Loss of PTEN
facilitates HIF-1-mediated gene expression [J]. Genes Deyv,
2000, 14: 391-396.

Guo YJ, Pan WW, Liu SB, et al. ERK/MAPK signalling path-
way and tumorigenesis [J]. Exp Ther Med, 2020, 19: 1997-2007.
Cam H, Easton JB, High A, et al. mTORC1 signaling under
hypoxic conditions is controlled by ATM-dependent phosphory-
lation of HIF-1« [J]. Mol Cell, 2010, 40: 509-520.

Ravi R, Mookerjee B, Bhujwalla ZM, et al. Regulation of tumor
angiogenesis by p53-induced degradation of hypoxia-inducible
factor 1a [J]. Genes Dev, 2000, 14: 34-44.

van de Sluis B, Mao X, Zhai Y, et al. COMMD1 disrupts HIF-10/p
dimerization and inhibits human tumor cell invasion [J]. J Clin
Invest, 2010, 120: 2119-2130.

Sapra P, Kraft P, Pastorino F, et al. Potent and sustained inhibi-
tion of HIF-1a and downstream genes by a polyethyleneglycol-
SN38 conjugate, EZN-2208, results in anti-angiogenic effects
[J]. Angiogenesis, 2011, 14: 245-253.

Kim YH, Coon A, Baker AF, et al. Antitumor agent PX-12
inhibits HIF-1a protein levels through an Nrf2/PMF-1-mediated
increase in spermidine/spermine acetyl transferase [J]. Cancer
Chemother Pharmacol, 2011, 68: 405-413.

Goey AKL, Chau CH, Sissung TM, et al. Screening and biologi-
cal effects of marine pyrroloiminoquinone alkaloids: potential
inhibitors of the HIF-10/p300 interaction [J]. J Nat Prod, 2016,
79:1267-1275.

Choi HJ, Eun JS, Kim DK, et al. Icariside Il from epimedium
koreanum inhibits hypoxia-inducible factor-1a in human osteo-
sarcoma cells [J]. Eur J Pharmacol, 2008, 579: 58-65.

Shi L, Zhang G, Zheng Z, et al. Andrographolide reduced

VEGFA expression in hepatoma cancer cells by inactivating HIF-



SRS S HIF-1o R IK R Hh 2550 R 05 1 1 3 et e

2715

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

la: the involvement of JNK and MTA1/HDCA [J]. Chem Biol
Interact, 2017, 273: 228-236.

Tong EJ. The Correlation of Radiosensitizing Effect of Elemene
to Anoxia Lung Cancer Cells with MTOR and HIF-1a/Survivin
Signal Pathway (# & J X = %0 i Ji 40 0 10 785 43 851 5
mMTOR J HIF-1a/Survivin i@ #% 4 #H 5% 14 #F 5T) [D]. Dalian:
Dalian Medical University, 2013.

Yang MH, Zang YS, Huang H, et al. Arsenic trioxide exerts anti-
lung cancer activity by inhibiting angiogenesis [J]. Curr Cancer
Drug Targets, 2014, 14: 557-566.

Deng M, Xue YJ, Xu LR, et al. Chrysophanol suppresses hypoxia-
induced epithelial-mesenchymal transition in colorectal cancer
cells [J]. Anat Rec (Hoboken), 2019, 302: 1561-1570.

Kim HS, Wannatung T, Lee S, et al. Quercetin enhances hypoxia-
mediated apoptosis via direct inhibition of AMPK activity in
HCT116 colon cancer [J]. Apoptosis, 2012, 17: 938-949.

Du G, Lin H, Wang M, et al. Quercetin greatly improved thera-
peutic index of doxorubicin against 4T1 breast cancer by its
opposing effects on HIF-1a in tumor and normal cells [J].
Cancer Chemother Pharmacol, 2010, 65: 277-287.

Ye MX, Zhao YL, Li Y, et al. Curcumin reverses cis-platin resis-
tance and promotes human lung adenocarcinoma A549/DDP cell
apoptosis through HIF-1a and caspase-3 mechanisms [J]. Phyto-
medicine, 2012, 19: 779-787.

DuY, Long Q, Zhang L, et al. Curcumin inhibits cancer-associated
fibroblast-driven prostate cancer invasion through MAOA/
MTOR/HIF-1a signaling [J]. Int J Oncol, 2015, 47: 2064-2072.
Lee DH, Lee YJ. Quercetin suppresses hypoxia-induced accumu-
lation of hypoxia-inducible factor-1 (HIF-1) through inhibiting
protein synthesis [J]. J Cell Biochem, 2008, 105: 546-553.

Oh SJ, Kim O, Lee JS, et al. Inhibition of angiogenesis by
quercetin in tamoxifen-resistant breast cancer cells [J]. Food
Chem Toxicol, 2010, 48: 3227-3234.

Lin TH, Hsu WH, Tsai PH, et al. Dietary flavonoids, luteolin and
quercetin, inhibit invasion of cervical cancer by reduction of
UBEZ2S through epithelial-mesenchymal transition signaling [J].
Food Funct, 2017, 8: 1558-1568.

Shiau AL, Shen YT, Hsieh JL, et al. Scutellaria barbata inhibits
angiogenesis through downregulation of HIF-1a in lung tumor
[J]. Environ Toxicol, 2014, 29: 363-370.

Ans6 E, Zuazo A, Irigoyen M, et al. Flavonoids inhibit hypoxia-
induced vascular endothelial growth factor expression by a
HIF-1 independent mechanism [J]. Biochem Pharmacol, 2010,
79:1600-1609.

Mukund V, Saddala MS, Farran B, et al. Molecular docking
studies of angiogenesis target protein HIF-1a and genistein in
breast cancer [J]. Gene, 2019, 701: 169-172.

Li S, Li J, Dai W, et al. Genistein suppresses aerobic glycolysis
and induces hepatocellular carcinoma cell death [J]. Br J Cancer,
2017, 117: 1518-1528.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Singh-Gupta V, Zhang H, Yunker CK, et al. Daidzein effect on
hormone refractory prostate cancer in vitro and in vivo compared
to genistein and soy extract: potentiation of radiotherapy [J].
Pharm Res, 2010, 27: 1115-1127.

Chen F, Zhuang M, Zhong C, et al. Baicalein reverses hypoxia-
induced 5-FU resistance in gastric cancer AGS cells through
suppression of glycolysis and the PTEN/AKT/HIF-1a signaling
pathway [J]. Oncol Rep, 2015, 33: 457-463.

Chen J, Li Z, Chen AY, et al. Inhibitory effect of baicalin and
baicalein on ovarian cancer cells [J]. Int J Mol Sci, 2013, 14:
6012-6025.

Song X, Yao J, Wang F, et al. Wogonin inhibits tumor angiogenesis
via degradation of HIF-1a protein [J]. Toxicol Appl Pharmacol,
2013, 271: 144-155.

Seo S, Seo K, Ki SH, et al. Isorhamnetin inhibits reactive oxygen
species-dependent hypoxia inducible factor (HIF)-1a accumula-
tion [J]. Biol Pharm Bull, 2016, 39: 1830-1838.

Kim KM, Heo DR, Lee J, et al. 5, 3-Dihydroxy-6, 7, 4'-trime-
thoxyflavanone exerts its anticancer and antiangiogenesis effects
through regulation of the AKT/mTOR signaling pathway [J].
Chem Biol Interact, 2015, 225: 32-39.

Fang J, Xia C, Cao Z, et al. Apigenin inhibits VEGF and HIF-1
expression via PI3K/AKT/p70S6K1 and HDM2/p53 pathways
[J]. FASEB J, 2005, 19: 342-353.

Huang H, Chen AY, Rojanasakul Y, et al. Dietary compounds
galangin and myricetin suppress ovarian cancer cell angiogenesis
[J]. J Funct Foods, 2015, 15: 464-475.

Gao H, Xie J, Peng J, et al. Hispidulin inhibits proliferation and
enhances chemosensitivity of gallbladder cancer cells by targeting
HIF-1a [J]. Exp Cell Res, 2015, 332: 236-246.

Xu B, Jiang C, Han H, et al. Icaritin inhibits the invasion and
epithelial-to-mesenchymal transition of glioblastoma cells by
targeting EMMPRIN via PTEN/AKT/HIF-1a signalling [J]. Clin
Exp Pharmacol Physiol, 2015, 42: 1296-1307.

Hou HX, Li DR, Cheng DH, et al. Cellular redox status regulates
emodin-induced radiosensitization of nasopharyngeal carcinoma
cells in vitro and in vivo [J]. J Pharm (Cairo), 2013, 2013:
218297.

Lu HF, Lai KC, Hsu SC, et al. Involvement of matrix metallopro-
teinases on the inhibition of cells invasion and migration by
emodin in human neuroblastoma SH-SY5Y cells [J]. Neurochem
Res, 2009, 34: 1575-1583.

Shi GH, Zhou L. Emodin suppresses angiogenesis and metastasis
in anaplastic thyroid cancer by affecting TRAF6-mediated
pathways in vivo and in vitro [J]. Mol Med Rep, 2018, 18: 5191-
5197.

Hu L, Cui R, Liu H, et al. Emodin and rhein decrease levels of
hypoxia-inducible factor-la. in human pancreatic cancer cells
and attenuate cancer cachexia in athymic mice carrying these
cells [J]. Oncotarget, 2017, 8: 88008-88020.



2716

24224 Acta Pharmaceutica Sinica 2021, 56(10): 2689 —2719

[75]

[76]

[77]

[78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

[87]

[88]

Yuan X, Tian W, Hua Y, et al. Rhein enhances the cytotoxicity of
effector lymphocytes in colon cancer under hypoxic conditions
[J]. Exp Ther Med, 2018, 16: 5350-5358.

Fernand VE, Losso JN, Truax RE, et al. Rhein inhibits angio-
genesis and the viability of hormone-dependent and -independent
cancer cells under normoxic or hypoxic conditions in vitro [J].
Chem Biol Interact, 2011, 192: 220-232.

Ding Z, Xu F, Tang J, et al. Physcion 8-O- f -glucopyranoside
prevents hypoxia-induced epithelial-mesenchymal transition in
colorectal cancer HCT116 cells by modulating EMMPRIN [J].
Neoplasma, 2016, 63: 351-361.

Chen X, Gao H, Han Y, et al. RETRACTED: physcion induces
mitochondria-driven apoptosis in colorectal cancer cells via
downregulating EMMPRIN [J]. Eur J Pharmacol, 2015, 764:
124-133.

Fu P, Du F, Chen W, et al. Tanshinone I1A blocks epithelial-
mesenchymal transition through HIF-1a downregulation, reversing
hypoxia-induced chemotherapy resistance in breast cancer cell
lines [J]. Oncol Rep, 2014, 31: 2561-2568.

Dat NT, Jin X, Lee JH, et al. Abietane diterpenes from Salvia
miltiorrhiza inhibit the activation of hypoxia-inducible factor-1
[J]. J Nat Prod, 2007, 70: 1093-1097.

Yang YF, Cao Y, Chen LH, et al. Cryptotanshinone suppresses
cell proliferation and glucose metabolism via STAT3/SIRT3
signaling pathway in ovarian cancer cells [J]. Cancer Med, 2018,
7:4610-4618.

Guo Y, Han B, Luo K, et al. NOX2-ROS-HIF-1a signaling is
critical for the inhibitory effect of oleanolic acid on rectal cancer
cell proliferation [J]. Biomed Pharmacother, 2017, 85: 733-739.
Li Y, Xu Q, Yang W, et al. Oleanolic acid reduces aerobic
glycolysis-associated proliferation by inhibiting yes-associated
protein in gastric cancer cells [J]. Gene, 2019, 712: 143956.

Ma J, Han L Z, Liang H, et al. Celastrol inhibits the HIF-1a
pathway by inhibition of mTOR/p70S6K/elF4E and ERK1/2
phosphorylation in human hepatoma cells [J]. Oncol Rep, 2014,
32: 235-242.

Huang L, Zhang Z, Zhang S, et al. Inhibitory action of celastrol
on hypoxia-mediated angiogenesis and metastasis via the HIF-1a
pathway [J]. Int J Mol Med, 2011, 27: 407-415.

Zhu'Y, Liu X, Zhao P, et al. Celastrol suppresses glioma vasculo-
genic mimicry formation and angiogenesis by blocking the PI3K/
AKT/mTOR signaling pathway [J]. Front Pharmacol, 2020,
11: 25.

Li W, Yang L, Wang D, et al. Effects of triptolide on epithelial-
mesenchymal transition and invasion of melanoma A375 cells
[9]. Shanghai J Tradit Chin Med (_L i /1 [ 24 4% i), 2020, 54:
153-155.

Li T, Jin MM, Song SL, et al. Triptolide inhibits human hepato-
carcinoma SMMC-7721 cells by regulating glycolysis [J]. World
J Integr Tradit West Med (15 Hh G 22 45 4 4% &), 2020, 15: 981-

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

985, 990.

Dawood M, Ooko E, Efferth T. Collateral sensitivity of partheno-
lide via NF-xB and HIF-« inhibition and epigenetic changes in
drug-resistant cancer cell lines [J]. Front Pharmacol, 2019, 10:
542.

Lv Y. The Effect of Excisanin A on the HIF-1a and Its Target
Genes in Hepatocellular Carcinoma Cells (J& M 7 #5358 & A X}
JHT %68 2 B R HIF-100 K 348 58 P51 5% ) [D]. Yanji: Yanbian
University, 2017.

Dong J, Chen Y, Yang W, et al. Antitumor and anti-angiogenic ef-
fects of artemisinin on breast tumor xenografts in nude mice [J].
Res Vet Sci, 2020, 129: 66-69.

Huynh N, Beutler JA, Shulkes A, et al. Glaucarubinone inhibits
colorectal cancer growth by suppression of hypoxia-inducible
factor 1a and S-catenin via a p-21 activated kinase 1-dependent
pathway [J]. Biochim Biophys Acta, 2015, 1853: 157-165.

Lingyi F, Wangbing C, Wei G, et al. Berberine targets AP-2/
hTERT, NF-«B/COX-2, HIF-1&/VEGF and cytochrome-c/caspase
signaling to suppress human cancer cell growth [J]. PLoS One,
2013, 8: e69240.

Zeng X, Wan L, Wang Y, et al. Effect of low dose of berberine
on the radioresistance of cervical cancer cells via a PI3K/HIF-1
pathway under nutrient-deprived conditions [J]. Int J Radiat
Biol, 2020, 96: 1060-1067.

Lin SK, Tsai SC, Lee CC, et al. Berberine inhibits HIF-1a
expression via enhanced proteolysis [J]. Mol Pharmacol, 2004,
66: 612-619.

Tsang CM, Cheung KCP, Cheung YC, et al. Berberine suppresses
1d-1 expression and inhibits the growth and development of lung
metastases in hepatocellular carcinoma [J]. Biochim Biophys
Acta, 2015, 1852: 541-551.

Wu YY, Li TM, Zang LQ, et al. Effects of berberine on tumor
growth and intestinal permeability in HCT116 tumor-bearing
mice using polyamines as targets [J]. Biomed Pharmacother,
2018, 107: 1447-1453.

Zhang Q, Zhang C, Yang X, et al. Berberine inhibits the expres-
sion of hypoxia induction factor-1a and increases the radiosensi-
tivity of prostate cancer [J]. Diagn Pathol, 2014, 9: 98.

Zhang C, Yang X, Zhang Q, et al. Berberine radiosensitizes
human nasopharyngeal carcinoma by suppressing hypoxia-
inducible factor-1a expression [J]. Acta Otolaryngol, 2014, 134:
185-192.

[100] Pan Y, Zhang F, Zhao YW, et al. Berberine enhances chemosensi-

tivity and induces apoptosis through dose-orchestrated AMPK
signaling in breast cancer [J]. J Cancer, 2017, 8: 1679-1689.

[101] Su Q, Wang J, Fan M, et al. Sanguinarine disrupts the colocaliza-

tion and interaction of HIF-1a with tyrosine and serine phosphory-
lated-STAT3 in breast cancer [J]. J Cell Mol Med, 2020, 24:
3756-3761.

[102] Su Q, Fan M, Wang J, et al. Sanguinarine inhibits epithelial-



SRS S HIF-1o R IK R Hh 2550 R 05 1 1 3 et e - 2717

mesenchymal transition via targeting HIF-1a/TGF- feed-forward
loop in hepatocellular carcinoma [J]. Cell Death Dis, 2019, 10:
939.

[103] Hong X, Zhong L, Xie Y, et al. Matrine reverses the warburg
effect and suppresses colon cancer cell growth negatively
regulating HIF-1a [J]. Front Pharmacol, 2019, 10: 1437.

[104] Huang J, Chen ZH, Ren CM, et al. Antiproliferation effect of
evodiamine in human colon cancer cells is associated with IGF-1/
HIF-1a downregulation [J]. Oncol Rep, 2015, 34: 3203-3211.

[105] Ramu A, Kathiresan S, Ali AB. Gramine inhibits angiogenesis
and induces apoptosis via modulation of TGF-£ signalling in 7,
12 dimethylbenz[a]anthracene (DMBA) induced hamster buccal
pouch carcinoma [J]. Phytomedicine, 2017, 33: 69-76.

[106] Wang JY, Wang Z, Li MY, et al. Dictamnine promotes apoptosis
and inhibits epithelial-mesenchymal transition, migration, inva-
sion and proliferation by downregulating the HIF-1a and Slug
signaling pathways [J]. Chem Biol Interact, 2018, 296: 134-144.

[107] Liang B, Zheng CS, Feng GS, et al. Experimental evaluation of
inhibitory effect of 10-hydroxycamptothecin on hypoxia-inducible
factor-1a expression and angiogenesis in liver tumors after trans-
catheter arterial embolization [J]. J Vasc Interv Radiol, 2010, 21:
1565-1572.

[108] Liu RM, Xu P, Chen Q, et al. A multiple-targets alkaloid
nuciferine overcomes paclitaxel-induced drug resistance in vitro
and in vivo [J]. Phytomedicine, 2020, 79: 153342.

[109] Lou S, Wang Y, Yu Z, et al. Curcumin induces apoptosis and
inhibits proliferation in infantile hemangioma endothelial cells
via downregulation of MCL-1 and HIF-1a [J]. Medicine (Balti-
more), 2018, 97: 9562.

[110] Thomas SL, Zhong D, Zhou W, et al. EF24, a novel curcumin
analog, disrupts the microtubule cytoskeleton and inhibits HIF-1
[9]. Cell Cycle, 2008, 7: 2409-2417.

[111] Yoysungnoen B, Bhattarakosol P, Patumraj S, et al. Effects of
tetrahydrocurcumin on hypoxia-inducible factor-1a and vascular
endothelial growth factor expression in cervical cancer cell-
induced angiogenesis in nude mice [J]. Biomed Res Int, 2015,
2015: 391748.

[112] Zhang Q, Tang X, Lu QY, et al. Resveratrol inhibits hypoxia-
induced accumulation of hypoxia-inducible factor-1a and VEGF
expression in human tongue squamous cell carcinoma and
hepatoma cells [J]. Mol Cancer Ther, 2005, 4: 1465-1474.

[113] Jung KH, Lee JH, Thien Quach CH, et al. Resveratrol suppresses
cancer cell glucose uptake by targeting reactive oxygen species-
mediated hypoxia-inducible factor-1a activation [J]. J Nucl Med,
2013, 54: 2161-2167.

[114] Zhang M, Zhou X, Zhou K. Resveratrol inhibits human nasopha-
ryngeal carcinoma cell growth via blocking pAKT/p70S6K
signaling pathways [J]. Int J Mol Med, 2013, 31: 621-627.

[115] Wang H, Jia R, Lv T, et al. Resveratrol suppresses tumor
progression via inhibiting STAT3/HIF-1a/VEGF pathway in

an orthotopic rat model of non-small-cell lung cancer (NSCLC)
[J]. Onco Targets Ther, 2020, 13: 7057-7063.

[116] Firouzi F, Khoei S, Mirzaei HR. Role of resveratrol on the
cytotoxic effects and DNA damages of iododeoxyuridine and
megavoltage radiation in spheroid culture of U87MG glio-
blastoma cell line [J]. Gen Physiol Biophys, 2015, 34: 43-50.

[117] Mitani T, Ito Y, Harada N, et al. Resveratrol reduces the hypoxia-
induced resistance to doxorubicin in breast cancer cells [J]. J
Nutr Sci Vitaminol (Tokyo), 2014, 60: 122-128.

[118] Li W, Cao L, Chen X, et al. Resveratrol inhibits hypoxia-driven
ROS-induced invasive and migratory ability of pancreatic cancer
cells via suppression of the hedgehog signaling pathway [J].
Oncol Rep, 2016, 35: 1718-1726.

[119] Sun'Y, Wang H, Liu M, et al. Resveratrol abrogates the effects of
hypoxia on cell proliferation, invasion and EMT in osteosarcoma
cells through downregulation of the HIF-1a protein [J]. Mol
Med Rep, 2015, 11: 1975-1981.

[120] Xu QH, Xiao Y, Li XQ, et al. Resveratrol counteracts hypoxia-
induced gastric cancer invasion and EMT through hedgehog
pathway suppression [J]. Anticancer Agents Med Chem, 2020,
20: 1105-1114.

[121] Cao Z, Fang J, Xia C, et al. Trans-3,4,5'"-trihydroxystibene
inhibits hypoxia-inducible factor 1a and vascular endothelial
growth factor expression in human ovarian cancer cells [J]. Clin
Cancer Res, 2004, 10: 5253-5263.

[122] Subbaramaiah K, lyengar NM, Morrow M, et al. Prostaglandin E
down-regulates sirtuin 1 (SIRT1), leading to elevated levels of
aromatase, providing insights into the obesity-breast cancer
connection [J]. J Biol Chem, 2019, 294: 361-371.

[123] Mitani T, Harada N, Tanimori S, et al. Resveratrol inhibits
hypoxia-inducible factor-1a-mediated androgen receptor signaling
and represses tumor progression in castration-resistant prostate
cancer [J]. J Nutr Sci Vitaminol (Tokyo), 2014, 60: 276-282.

[124] Jung DB, Lee HJ, Jeong SJ, et al. Rhapontigenin inhibited
hypoxia inducible factor 1 alpha accumulation and angiogenesis
in hypoxic PC-3 prostate cancer cells [J]. Biol Pharm Bull, 2011,
34: 850-855.

[125] Butt NA, Kumar A, Dhar S, et al. Targeting MTAL/HIF-1a
signaling by pterostilbene in combination with histone deacetylase
inhibitor attenuates prostate cancer progression [J]. Cancer Med,
2017, 6: 2673-2685.

[126] Li X, Feng Y, Liu J, et al. Epigallocatechin-3-gallate inhibits
IGF-I-stimulated lung cancer angiogenesis through downregula-
tion of HIF-1a and VEGF expression [J]. J Nutrigenet Nutrige-
nomics, 2013, 6: 169-178.

[127] Liu CC, Lin WW, Wu CC, et al. In vitro lauryl gallate induces
apoptotic cell death through caspase-dependent pathway in U87
human glioblastoma cells [J]. In Vivo, 2018, 32: 1119-1127.

[128] Luo LX, Li Y, Liu ZQ, et al. Honokiol induces apoptosis, G1

arrest, and autophagy in KRAS mutant lung cancer cells [J].



2718 - 24224 Acta Pharmaceutica Sinica 2021, 56(10): 2689 —2719

Front Pharmacol, 2017, 8: 199.

[129] Lan KL, Lan KH, Sheu ML, et al. Honokiol inhibits hypoxia-
inducible factor-1 pathway [J]. Int J Radiat Biol, 2011, 87: 579-
590.

[130] Kim A, Ma JY. Piceatannol-3-O- g -D-glucopyranoside (PG)
exhibits in vitro anti-metastatic and anti-angiogenic activities in
HT1080 malignant fibrosarcoma cells [J]. Phytomedicine, 2019,
57: 95-104.

[131] Yoysungnoen P, Wirachwong P, Changtam C, et al. Anti-cancer
and anti-angiogenic effects of curcumin and tetrahydrocurcumin
on implanted hepatocellular carcinoma in nude mice [J]. World J
Gastroenterol, 2008, 14: 2003-2009.

[132] Hong SW, Jung KH, Lee HS, et al. SB365 inhibits angiogenesis
and induces apoptosis of hepatocellular carcinoma through
modulation of PI3BK/AKT/mTOR signaling pathway [J]. Cancer
Sci, 2012, 103: 1929-1937.

[133] Son MK, Jung KH, Lee HS, et al. SB365, Pulsatilla saponin D
suppresses proliferation and induces apoptosis of pancreatic
cancer cells [J]. Oncol Rep, 2013, 30: 801-808.

[134] Chen QJ, Zhang MZ, Wang LX. Gensenoside Rg3 inhibits
hypoxia-induced VEGF expression in human cancer cells [J].
Cell Physiol Biochem, 2010, 26: 849-858.

[135] Lu J, Chen H, He F, et al. Ginsenoside 20(S)-Rg3 upregulates
HIF-1a -targeting miR-519a-5p to inhibit the Warburg effect in
ovarian cancer cells [J]. Clin Exp Pharmacol Physiol, 2020, 47:
1455-1463.

[136] Liu T, Zhao L, Zhang Y, et al. Ginsenoside 20(S)-Rg3 targets
HIF-1a to block hypoxia-induced epithelial-mesenchymal transi-
tion in ovarian cancer cells [J]. PLoS One, 2014, 9: e103887.

[137] Ge X, Zhen F, Yang B, et al. Ginsenoside Rg3 enhances radiosen-
sitization of hypoxic oesophageal cancer cell lines through vascular
endothelial growth factor and hypoxia inducible factor 1a [J]. J
Int Med Res, 2014, 42: 628-640.

[138] Ahmmed B, Kampo S, Khan M, et al. Rg3 inhibits gemcitabine-
induced lung cancer cell invasiveness through ROS-dependent,
NF- kB- and HIF-1la -mediated downregulation of PTX3 [J]. J
Cell Physiol, 2019, 234: 10680-10697.

[139] Liu W, Pan HF, Yang LJ, et al. Panax ginseng C.A. Meyer (Rg3)
ameliorates gastric precancerous lesions in Atp4a’ mice via
inhibition of glycolysis through PI3BK/AKT/miRNA-21 pathway
[J]. Evid Based Complement Alternat Med, 2020, 2020: 2672648.

[140] Qiu SP, Li HL, Shi HL, et al. Notoginsenoside Ftl1 down-
regulates HIF-1¢, inhibits cell proliferation, decreases migration
and promotes apoptosis in breast cancer cells [J]. Acta Pharm
Sin (%% %1), 2016, 51: 1091-1097.

[141] Qiu P, Man S, Yang H, et al. Utilization of metabonomics to
identify serum biomarkers in murine H22 hepatocarcinoma and
deduce antitumor mechanism of Rhizoma Paridis saponins [J].
Chem Biol Interact, 2016, 256: 55-63.

[142] Law PC, Auyeung KK, Chan LY, et al. Astragalus saponins

downregulate vascular endothelial growth factor under cobalt
chloride-stimulated hypoxia in colon cancer cells [J]. BMC
Complement Altern Med, 2012, 12: 160.

[143] Park JJ, Hwang SJ, Park JH, et al. Chlorogenic acid inhibits
hypoxia-induced angiogenesis via down-regulation of the HIF-1a/
AKT pathway [J]. Cell Oncol (Dordr), 2015, 38: 111-118.

[144] Lee MS, Lee SO, Kim KR, et al. Sphingosine kinase-1 involves
the inhibitory action of HIF-1a by chlorogenic acid in hypoxic
DU145 cells [J]. Int J Mol Sci, 2017, 18: 325.

[145] Qin Y, Liu HJ, Li M, et al. Salidroside improves the hypoxic
tumor microenvironment and reverses the drug resistance of
platinum drugs via HIF-1a signaling pathway [J]. EBioMedicine,
2018, 38: 25-36.

[146] Chen X, Kou Y, Lu Y, et al. Salidroside ameliorated hypoxia-
induced tumorigenesis of BxPC-3 cells via downregulating
hypoxia-inducible factor (HIF)-1a and LOXL2 [J]. J Cell
Biochem, 2020, 121: 165-173.

[147] Li Y, Pham V, Bui M, et al. Rhodiola rosea L.: an herb with anti-
stress, anti-aging, and immunostimulating properties for cancer
chemoprevention [J]. Curr Pharmacol Rep, 2017, 3: 384-395.

[148] Qi YJ, Cui S, Lu DX, et al. Effects of the aqueous extract of a
Tibetan herb, Rhodiola algida var. tangutica on proliferation and
HIF-1a, HIF-2a expression in MCF-7 cells under hypoxic condi-
tion in vitro [J]. Cancer Cell Int, 2015, 15: 81.

[149] Su C, Zhang P, Liu J, et al. Erianin inhibits indoleamine 2,3-dioxy-
genase -induced tumor angiogenesis [J]. Biomed Pharmacother,
2017, 88: 521-528.

[150] Xing Y, Mi C, Wang Z, et al. Fraxinellone has anticancer activity
in vivo by inhibiting programmed cell death-ligand 1 expression
by reducing hypoxia-inducible factor-1a and STAT3 [J]. Pharma-
col Res, 2018, 135: 166-180.

[151] Kim DH, Sung B, Kang YJ, et al. Sulforaphane inhibits hypoxia-
induced HIF-1a and VEGF expression and migration of human
colon cancer cells [J]. Int J Oncol, 2015, 47: 2226-2232.

[152] Li Y, Zhang Y, Liu X, et al. Lutein inhibits proliferation, invasion
and migration of hypoxic breast cancer cells via downregulation
of HES1 [J]. Int J Oncol, 2018, 52: 2119-2129.

[153] Le Y, Zhang X, Li K. Esculetin regulates triple negative breast
cancer cell stemness in hypoxia microenvironment through
HIF-1a [J]. Chin J New Drugs Clin Rem (7 [H # 25 5 IIfi IR 44
%), 2020, 39: 558-563.

[154] Sui W, Zhang W, Wu L, et al. Inhibitory mechanism of polypep-
tide from scorpion venom combined with 5-fluorouacil on angio-
genesis of H22 hepatoma [J]. Chin Tradit Herb Drugs (H %% 24),
2014, 45: 392-397.

[155] Ren F, Wu K, Yang Y, et al. Dandelion polysaccharide exerts anti-
angiogenesis effect on hepatocellular carcinoma by regulating
VEGF/HIF-1a expression [J]. Front Pharmacol, 2020, 11: 460.

[156] Zhang Z, Wang R, Huang X, et al. Self-delivered and self-moni-

tored chemo-photodynamic nanoparticles with light-triggered



SRS S HIF-1o R IK R Hh 2550 R 05 1 1 3 et e - 2719

synergistic antitumor therapies by downregulation of HIF-1« and
depletion of GSH [J]. ACS Appl Mater Interfaces, 2020, 12:
5680-5694.

[157] Wang D, Gao Z, Zhang X. Resveratrol induces apoptosis in
murine prostate cancer cells via hypoxia-inducible factor 1-alpha
(HIF-1a)/reactive oxygen species (ROS)/P53 signaling [J]. Med
Sci Monit, 2018, 24: 8970-8976.

[158] Chuang MT, Ho FM, Wu CC, et al. 15,16-Dihydrotanshinone I,
a compound of Salvia miltiorrhiza Bunge, induces apoptosis
through inducing endoplasmic reticular stress in human prostate
carcinoma cells [J]. Evid Based Complement Alternat Med,
2011, 2011: 865435.

[159] Pan Y, Shao D, Zhao Y, et al. Berberine reverses hypoxia-
induced chemoresistance in breast cancer through the inhibition
of AMPK- HIF-1¢ [J]. Int J Biol Sci, 2017, 13: 794-803.

[160] Wang K, Liu R, Li J, et al. Quercetin induces protective autophagy
in gastric cancer cells: involvement of AKT-mTOR-and hypoxia-
induced factor 1a-mediated signaling [J]. Autophagy, 2011, 7:
966-978.

[161] Riganti C, Doublier S, Viarisio D, et al. Artemisinin induces
doxorubicin resistance in human colon cancer cells via calcium-
dependent activation of HIF-1a and P-glycoprotein overexpres-
sion [J]. Br J Pharmacol, 2009, 156: 1054-1066.

[162] Li Z, Guo Z, Chu D, et al. Effectively suppressed angiogenesis-

mediated retinoblastoma growth using celastrol nanomicelles [J].
Drug Deliv, 2020, 27: 358-366.

[163] Sreeja S, Krishnan NCK. Tumor control by hypoxia-specific
chemotargeting of iron-oxide nanoparticle-berberine complexes
in a mouse model [J]. Life Sci, 2018, 195: 71-80.

[164] Godugu C, Patel AR, Doddapaneni R, et al. Approaches to
improve the oral bioavailability and effects of novel anticancer
drugs berberine and betulinic acid [J]. PLoS One, 2014, 9: e89919.

[165] Choi YJ, Heo K, Park HS, et al. The resveratrol analog HS-1793
enhances radiosensitivity of mouse-derived breast cancer cells
under hypoxic conditions [J]. Int J Oncol, 2016, 49: 1479-1488.

[166] Kim DH, Sung B, Kim JA, et al. HS-1793, a resveratrol analogue,
downregulates the expression of hypoxia-induced HIF-1 and
VEGF and inhibits tumor growth of human breast cancer cells in
a nude mouse xenograft model [J]. Int J Oncol, 2017, 51: 715-
723.

[167] Talks KL, Turley H, Gatter KC, et al. The expression and distri-
bution of the hypoxia-inducible factors HIF-1a and HIF-2a in
normal human tissues, cancers, and tumor-associated macro-
phages [J]. Am J Pathol, 2000, 157: 411-421.

[168] He J, Hu Y, Hu M, et al. The relationship between the preopera-
tive plasma level of HIF-1a and clinic pathological features,
prognosis in non-small cell lung cancer [J]. Sci Rep, 2016, 6:
20586.



