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Research progress in the anti-cancer activity and related mechanisms of arenobufagin
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[Abstract] Toad venom is an active extract of toad, which is processed by distilling or drying at high temperature the venom
secreted from the skin glands and ear-side glands of Toad Chinensis. As a natural product that has been used to treat diseases in
China for thousands of years, toad venom has many pharmacological effects such as heart strengthening, analgesia, anti-myocardial
ischemia, anti-endotoxin shock, and anti-cancer. Arenobufagin (ARE) is one of the main chemical components of toad venom, and
its anti-cancer mechanism has been increasingly clarified in the past decade. ARE can play an anti-cancer role through a variety of
ways, such as inducing apoptosis and/or autophagy of cancer cells, necrosis, and cell cycle arrest, inhibiting cancer cell migration
and invasion, and inhibiting angiogenesis. The current research on ARE mainly focuses on the selective toxicity of cancer cells and
the molecular mechanism of anti-cancer, mostly at the cellular and animal levels. Due to the large toxic and side effects of ARE,
unclear targets and unclear pharmacokinetic characteristics, ARE has not yet entered the clinical application in Western medicine.
This article summarizes relevant research results on the anti-cancer activity and molecular mechanism of ARE, and its combination
with other anti-cancer drugs in order to provide a new direction for improving the anti-cancer mechanism of ARE.
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1.1 ARE{E3h 91K V- bk i Yk

FE AR /N R PSR AL R, ARE (F ki
ST ) 0T LA Sk RS [R] AR AR T 22X 4 e
P L P H B AR PR Y A R R, Il il
o A 0 B T A At S R 5 400 i
Hep3B M5 & P AE B AL, ARE 41 fl & fidE
Je (MFHRIRYT 259 ) 4135 mT B 2540 il Hep3B 40 fifL (1)
R I BCRE H . TR, DLW SRA O AT
ARE 1] % #4003 PR RCR . WLy % ™ Xk A
18 9 A B Eca-109 1 B AL /N BB AT B FE 1 d Y
4 mg/kg ARE M7, 25 5L & B 10 M 57 5 78 /N B
%) 9 R BELE /0N 25 X BB AL 1 46% , iR Joi ekl 5 s
T AR 1 1) T

EATERR L, 7EBARE /DN BB B
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Wk . BRSO, $R ARE X it 24 5
A0 L EL A A AR T T

Zi I, ARE WHUEAE R C A2 Fhsh i a1
BT HUE, XL BT R ARE AR N HETE T g
YR TR S R . R HAR AR P S R
R4, B0 T s RIG YT Z By s 2T et 2 1
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1.2 ARE {fEAIEK V- i B i vk

KZ B0 AREEM B (half maximal
IC,,) ¥4 nmol/L 2% (&
1), X5 NIEH FhE il 4% 4l (peripheral blood
PBMC) W IC,, A W WA . of
7% ' WK, ARETE PBMC H 4 IC,, 2 A i i 98 40 i
Z SW 1990, A5t B 240 Ji 96 40 1L & U-87 MG 11 4~
Sfi o DRAI, R IR T f) 93 200 R LE &5 40X ARE (1)
BB AN R ARl . 40 ARE 76 AT £ S0k 20 i
(9 1C, 29 11.8 pmol/L, 1M 76 £ 45 bR 200 i 40 i %
Eca-109. TE-5 Fil TE-11 9 IC,, 43 % 2 0.8 wmol/L .
1.2 wmol/L 1 3.6 pmol/L; DONG % ") 3% F & #1
FEEC (1C,, e/ 1C so ) WIEBA T ARE X A GE# T
2B L-O2 Fim 40 M e £k, BVAR L T IE % 4R
ARE X IR A0l S0 BURk . iR BF R o, M
TE A0 ML ARE X968 40 i B A ST 1 A0 i RE A, X —
2y R AA AT b HO I A A SRR, T
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(cysteinyl aspartate specific proteinase, ~CASPASE
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CEXR

®1 ZARELE 24 hREHMAIC,,
Tab 1 IC,, of different cells treated with ARE for 24 h

Type of tumor Type of cell IC,,

Panc-1 10 nmol/L!"

AsPC-1 1 nmol/L"
Pancreatic cancer

SW 1990 9.9 nmol/L"

BxPC-3 48.72 nmol/L"!
Lung cancer A549 10 nmol/L!"*!
Breast cancer MCF 7 485 nmol/L!"""!

Eca-109 0.8 pmol/LY
Esophageal carcinoma

TE-11 3.6 wmol/L!
Glioma U-87 MG 10.3 nmol/L!
Cervical cancer HELA 23 nmol/L""
Colon cancer HT-29 25 nmol/L""

®2 HMAREFSHARBATHMAEHEXNER
Tab 2 Proteins related to apoptosis and autophagy induced by ARE

Type of tumor

Pancreatic cancer, lung cancer, breast cancer, esophageal

. 6, 11,16
squamous cell carcinoma, osteosarcomal® ' '?)

Pancreatic cancer, lung cancer!'"'*! BxPC-3, SW 1900, A549, NCI-H460
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3/8/9) . WEFRTRME 11578 H 1 (phorbol-12-myristate-
13-acetate-induced protein 1, PMAIP1, M K NOXA) .
B 4i Jifg bk [ 9% -2 AH & X 8 (B-cell lymphoma-2
associated X protein, BAX) ZFIH T8 H LA KA AH O
HEH 1543 -1 (microtubule-associated protein 1 light
chain3-11, LC311) SFAMEHEMA L. r, AT
¥ ARE 175 T 4 MU SE T B A OC B 1 iF AT 4 (3R
2), FHHt ARE 5 &R RIAN AT 1 ¢ R ik 17 HAK
AR

211 4ifAT:  ARE Al UGS FLIE . BEARE . A
. TR ESUR . SRR . BEERIRAINE . 45
. EMUO AR 2 R AL AR PR T WFSE R ARE
AR OV DR R W G E 5 Y T 7 ok ) L N & =5

Type of cell Up-regulation Down-regulation
Cleaved
BxPC-3, SW 1900, A549, NCI-H460, MCF 7, Eca-109
CASPASE 9
Cleaved
CASPASE 3

Pancreatic cancer, lung cancer, liver cancer, breast cancer'™ ') BxPC-3, SW 1900, A549, NCI-H460, HepG2/ADM, MCF 7 Cleaved PARP

3 18] Cleaved
Esophageal squamous cell carcinoma Eca-109
CASPASE 8
Breast cancer!”’ MCF 7, MDA-MB-468 NOXA
Breast cancer, esophageal squamous cell carcinoma,
. ., 15T MCF 7, MDA-MB-468, Eca-109, SW 1990, BxPC-3 P53

pancreatic cancer” ™
Liver cancer, breast cancer, lung cancer, acute

a1 1s HepG2/ADM, MCF 7, A549, Jurkat, MV-4-11, PC-9 BAX
leukemial® '* "> 181
Breast cancer'"”’ MCF 7 P-JNK
Acute leukemia"®! Jurkat, MV-4-11 AIF
Liver cancer'® HepG2/ADM LC3 1
Breast cancer'"” HELA ROS
Pancreatic cancer'” SW 1990, BxPC-3 SMAD3
Pancreatic cancer, breast cancer, lung cancer!'"'* "> Panc-1, AsPC-1, PC-9 P-ERK
Pancreatic cancer, breast cancer'™® 2! Panc-1, AsPC-1 P-AKT
Breast cancer''® MCF 7, MDA-MB-48 MCL-1
Lung cancer''”) PC-9 P-MEK
Liver cancer, lung cancer" ") HepG2/ADM, A549, PC-9 BCL-2
Pancreatic cancer™™ SW 1990, BxPC-3 PI3K
Lung cancer'® ') PC-9 C-RAF
Pancreatic cancer™® SW 1990, BxPC-3 mTOR
Liver cancer!"*! HepG2 STAT3
Acute leukemia!™®! Jurkat, MV-4-11 XIAP
Liver cancer'® HepG2/ADM LC31
Lung cancer'"”) A549 SOD
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Continued Tab
Type of tumor Type of cell Up-regulation Down-regulation
Lung cancer™” A549 GSH
Pancreatic cancer™ SW 1990, BxPC-3 AMPK
Pancreatic cancer' SW 1990, BxPC-3 P62

Note: PARP—poly ADP-ribose polymerase; P53—tumor protein p53, also known as TP53; P-JNK—phosphatase c-Jun N-terminal kinase; AIF—apoptosis-
inducing factor; ROS—reactive oxygen species; SMAD3—SMAD family member 3; P-ERK—phosphorylated extracellular regulated protein kinase; P-AKT—
phosphorylated protein kinase B; MCL-1—myeloid cell leukemia-1; P-MEK—phosphorylated MAPK/ERK kinase; PI3K—phosphoinositide 3-kinase; RAF-1
—rapidly accelerated fibrosarcoma-1, also known as C-RAF; mTOR-—mammalian target of rapamycin; STAT3—signal transducer and activator of
transcription 3; XIAP—X-linked inhibitor of apoptosis; SOD—superoxide dismutase; GSH—glutathione; AMPK—adenosine 5’-monophosphate-activated

protein kinase; P62—sequestosome 1, also known as SQSTM1.

it CASPASE 3/8/9 % [17& ft. . PARP Y] 1'%, ifnf
&I AN ML BAX (9 R3K 14T . BCL-2 mRNA K-
G 11 WA BFSEEE T ARE 51 B 40 0 JH T A
SRR AR TS, Wil ARE BIAE 1) BAX #ik 1
5 Rho i 3¢ % il B2 i€ 55 H # BF 1 (Rho-associated
coiled-coil containing kinase 1, ROCK1) {55 a0
WAL Y, FE ARE 54N PA T P53 (—Fp)
AL M REA BE LRSS JHPs3 i B
NOXA (J& T BCL-2 Z G i 2 —) Kk LA
S el RUE A RS HE Y ARE fEfE 51 AR Lo iR 12
14 R DG 35 PR 3R 38 Y AR L AR RE 43 AL I F 9 & R
ARE 5| & i 4 B 08 T A ek R g T, X AT e
5 ARE [ 288 S A ¢, ki /m % ARE B3
SR R g s R AL SR AL RS B

TR, ARV ARE 5 1E /240 i )4
TR HEBERE ROSKP TR . LV 45 ™ SR 2 mmol/L
PLEALFIN- 2 FE-L-2E B AR (N-acetyl-L-cysteine,
NAC) T Sehb ¥R 40 A T i # P44 cleaved-CASPASE
KA, Bl RSP ARE AL FRIZ A0 M0 515 B9 & cleaved-
CASPASE MR 5 101 A JH NAC T4k 2 1) 9 200 Jfd 7
ARE 4b B F B ROS 1 cleaved-CASPASE 7K -
FhiE o dhMide R, ARE 5| HAS R 40 f A8 T 2 | 7]
e 2 AH B2 Y
212 i AmE AHE S BoR, ARG
LC3 I 22 ARE AL #JE Al FE AL LC3 1T, Bl ARE fiEf
SIACYNAE A bE; WA ARE AR Z A, FH 3-H iR il
W) 1 Ik BRI 1 R PRI DU ATy ARE 5 1B 9 F
Wi Jo ik KA, IR b PTG R A AR g T X
2 W BH BT F1 w5 AT £ 9E i 40 i 32 ARE 5 3 Rk
P,

H1 ARE 7| 2 i) 98 40 13 0k ) FH DG A 5 38 A0 475
T % B A K W F 32 K (epidermal growth factor
receptor, EGFR, X F{HERI 5 ErbB1) /40 fifi4M5E =
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W % (extracellular signal-regulated kinase,
ERK) /ZE 1 # B B (protein kinase B, PKB, M Fx
AKT) {5558 8% Y B0 o R i Ak g 28 (A IR
(phosphatase and tensin homolog, PTEN) /i g ik AL
fi 3 J#% i (phosphatidylinositol3-kinase, PI3K) /AKT
5538 % BT c-Jun & LK 55 R (c-Jun
N-terminal kinase, JNK) {55 i@# ' ## mTOR
f595m s . 0% ROCK {523l i 1 . #l JAK
B (Janus kinase, JAK) /STAT3 {55 % ' LI K&
7 PIBK/AKT/mTOR {5538 %

2.1.3 HIETT  BRAETOR MO AR AT T
HEZRE B . A DEH IRAE DA s |
e BTt A AR N4 . A 9 B8 ARE B 15 506 4
MLk A R AL TS B BE 1 o AN AE 8 %R 40 MY MNK-45 F1
BGC-823 H i IR S A ML T- A9 Z - (10 pmol/L)
ARE Zx 5B &t . AL A A e T /A i A0 4 e
RS . N K- BN, BT AR DGR A b
HK £k 4 (glutathione peroxidase 4, GPX4) .
WK F % 7 A R 11 (solute carrier family 7
SLC7AI1) . %k %0 7= 30 ] & H 1
(ferroptosis suppressor protein 1, FSPI1) 23k T [%,
T FARBE T # i 71) Ferrostatin-1 W Al 5% iR 42,
X Rk BE ARE 1] 5 98 40 i & A ke 2
2 LK R, ARESEMEILT- 5%
R Z % 1 DAL 51 1 (nuclear receptor subfamily 1
group D member 1, NRIDI, X Ff REV-ERBa) A
s BN GSK4112 % REV-ERBo 235 | &2 2 i
RABRIET, FBR REV-ERBa W25k ARE 5 2 4%
TR o

member 11,

2.2 U5 SR AN 10D B
LRSS R 10 ARE 0T 3 o 8 Y 40 A R 3 A
SRR 1 A 75 S 200 M P 200 SR S BEL A A G2mU . —
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Jit b G2/M I 41 i K 3.22% 34 TN 2 74.1%, AsPC-1 4
Hf G2/M 1 40 N 46.30% 34 & 65.1%, FLiZ 2 F
20 B S B AN M B AT b . — TR SR RO RIS O &
BL, ARE fig¥s HELA 4 it () 240 it J 9 BHL# 7 S 391 A1
G2/M I, I LA 2 240 0 Ay J 5

AH ML A 5% 7~ ARE 7] 3 #f 2 #p ik 1215 5
957 A ML A L B B, B AR . D ARE W58
o TR 40 a4 2L 1 25C  (cell division cycle 25C,
CDC25C) , 0l ifl 240 i J&3 30 2 ¥ A4 1 8 1- 4 i )
] # A B1 (cyclin-dependent kinase 1- cyclin B1,
CDKl-cyclin B1) &Y Lwiiafl, BHEW - 240 i
P20 B SR A G2 3 1) MUHFE AR . (D) ARE W] 30 A5
KW -BAIMAE Y 5K ZEHE M (ataxia-telangiectasia
mutated protein, ATM) /41 fifg J& B &5 A o5 34 il 2
(checkpoint kinase 2, CHK2) F13t3 2 v 6 4if ifi 4
Pk 28 48 B A Rad3 AH ¢ i i (ataxia telangiectasia
mutated and Rad3-related kinase, ATR) /41 g i 1] #6;
25 % 1 (checkpoint kinase 1, CHK1) {55 i#%,
Forh CHK Al CHK2 S 200 i 399 BEL i 149 5 B 318 1 1A
. AT R R A0 e R Ga/M B Y B R
3 ARE #5| & JFF 9 44 il HepG2 N WL DNA W7 %L b7
&YW R 1k 41 75 [ H2AX  (phosphorylated histone
H2AX, vy-H2AX) W3 i, Ti#F ARE 4T,
St Fl ATM/ATR 410 i 79 &b B HepG2 241 it W) 7T JSEL 0B -y
-H2AX W T, () s 38 0K 32 9 40 i vl BEL VS 76 G2 D)
AR e ) (HepG2 40 i Hh G2 193 200 Jifd L ] 1h 34.4%
W h 25.5%) o BEAh, AP ERARICIE BB R U] ARE
AIFEIRIY . A A % 5 DNA B4 S 2. X R G2
1] BH ¥ /& ARE 5 Y DNA i 45 /9 F Ui &% i 2
@ ARE A 3@ & [ i P53 14 2% 1 BEL VA 40 fi 5 10 . wF
¢ 1 WL P53 23 T 98 40 i HepG2 i BHL ¥ 72
G2 WA A Ak 2 35% , XL H2 7R P53 2 Al 40 i S5
199 G2 I A BEL -

JUE R o i 57 3¢ B ARE 205 41 it Ji) 499 BHL ¥ 7
G2/M M, (A A W5 K B ARE 38 T LA | e H A 2 Y
B 4 BE B JUT BEL W o U 28 ARE AL B 5, B R A iR
BxPC-3 £ GO/G1. SNy L @ssm, G2/M
T0Y 440 A 0%y LU A5 st /D 5 T i s 40 A Panc-1 ) 2 0 h
GO/G1, G2/M 2L Ay LLBIsE AN, S 200 0 F) L o1 sk
A B SR B Y ARE 5 A 20 i R A s LA —
FA) 21 i 22 S o
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2.3 D AN R & FNE RS

A E AR 28 . TR X AR T A UR A 28
R AR E ML R 4 M- 8] 7S BT 4%k (epithelial-
mesenchymal transition, EMT) 7E 1 2% M e 1912
FATR R T mEEAEN . ST, BokBZEZRY
WE5E B ARE fg i 9 1 EMT 410 il i 200 e 1) 1 7%
MR

WgE 2 R, B ARESEA EMTMH F8E
BN EMT AR CHREY (AL 2 0% bHLH % 5% 5+ 1
(twist family bHLH transcription factor 1, TWIST1) .
PR 11 (beta-catenin 1, CTNNBI1) %5 ] Fikf
T, H ARE XK 4> EMT b ik ) % 35 1) 52 i 78
mRNA 7K 3, 1% 3 & A/4% 3 W F 4 (catenin/
transcription factor 4, CATENIN/TCF4) '»'. CTNNBI >,
I, KO A9F 5 A AT Al « B 3l B (inhibitor
kappa B kinase beta, IKKP) /# [H + «B (nuclear
factor kappa-B, NF-kB) {5 i %5 ARE il il EMT
£ K. ZHAO % Y % Bl ARE & 30 i il 4 240
H1299. A549 L F ), i &7e 8 HK-F 8 3% Tl
PIKKB 1 # K ¥ «B o B B fb 0 W
(phosphorylated inhibitor of nuclear factor kappa-B
alpha, P-IkBa), [Aff IKKB siRNA BE % . 2 41 il i
TN A T R Nz 28, At ARE AR AT RE a8 o #8 1a]
IKK B/NF-kB {5 5 2 3 Sz 1o 41 i i 200 L 19 EMIT

T EAR A2, HATSC T ARE 76 30 i) 98 40 i 1T
R AR 2805 T R BETRA AR D HORER 3 F 98 4 02
TEARSN B R4 T, PRI R A B DIRCR 1 75 T e
B2 AR LI

2.4 DA AN i A 2

FEANA TR A R R RS R A A3
SERTRE ST Ay SR, 00 s 200 M T R BAR R SRy
IR EF B, —WOCTREBEZRMI 7 %Y
ARE Al A 11 o b T2 [T I a2 A s 1) -1
(steroid receptor coactivator-1, SRC-1) ] H455 i it
40 9% (glioblastoma, GBM) ZfLAY T, #FsE#H
FH ARE #b ¥ GBM 4111 48 hJ5 &, ARE REf4 4l
P13 58 & SRC-1 Y35 H A OB PE 5 4k $oR
ARE 7] &8 1 7 i GBM i g H Y SRC-1 AY =1k 3k
Tl 987 200 L ) 1 B T T

e LA A e R R R R SRS
I, 2041 704, FOLKMAN % J i il
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A8 A 3T AR D IR IR 7 1 — R 7 SR o X R 3
45 1 J B nmol/L 2% 1 ARE 1] i & 410 i A bt bk
M Bz 2il B2 (human umbilical vein endothelial cell,
HUVEC) WA, [F] i 4 AP 25 AR A T At 48 it Al
BT HIRARME s ZAEETEXG RSB IRAEE (chick
embryo chorioallantoic membrane, CAM) #i % Hi {f1
For 10 21 ARE £ % 571 £ 4 1 M i skt 2> CAML B 2 1l 7
PRI, FRATTHEIN ARE 76 48 J A0 20 4 7K 7254 300 il e
Jed 145 A= LRI VE ]

3 ARESR{HIESYNIRSHER

SEREIRYT T, PRENRYT 5 R EURE T 2y, PR
o 2R AR IR OB T 2 . B EIRYT AL
F BRACEERIVER . BAIAYT & etk KXy K25 s
RS AR B . 25 2550 A S 5T 2 B
ARE 516223097 (f0I7) 2996 A 1A Bl T3 58
FEIFEIIIEYTROR . YUAN % B0 % 9 ARE Pp ] W7
TR ER A PTAIE F S  RR R 175 T (o Al i & AR PR T A
W . G2/M HHBH A, i A 2 SV e 2 6 ) 41 D47 R 3 75
NOTCH fi¢ f& 1/NOTCH (jaggedl/NOTCH, JAGI1/
NOTCH) 1553 i i il . WANG % " it 3 7 fily
T 25 /1) Panc-1 20 iU & 18 ] ARE #4167 5 & 2L,
EA FH 24 1) 930 400 B 1) 355 7 b B ol FH 5 P U R T
20%~30%.

EAS S, T 25 IF 5% 3% B I 24 i 40 i X
ARE F U E O IE W AN /. WANG % 1 & Bl
ARE R 1 i 198 i g 48 0T 5 PG At S A S- Uk s e (5-
fluorouracil, 5-FU) [RURME, 87T A0 32 4 i o P
M 251 . ZHANG % ' % 9 2 5 it 24 14 98 40
HepG2/ADM Lt 36 A i i HepG2 %} ARE BT i, /R
LR 5E % B ARE W] LS 40 i 1) 24 9 it =2 AR
(E A7 7E — S AR S AR, o b B 2 24 41 i Ak
T47D/HER2 X} ARE B U Lo Ath 525 75 508% 41 ffg ik
T47D HAIK V. ZEA EaR#FSE, FRATHEN ARE X ¥
28 e i 245 5 85 ) 5 T T 5 8 A R T 245 AL G
R ARE J#03 A5 538 B sl A 5 DL 00 5 | i 24 1) A
Ky FIRAR TR ST HINEH LA AR e T e
ARE X 245 1} 22 (A R0 o

AL B — T S A RO RF S Y R ARE I
T 8 g/ N BT AL Hh B G AT 4 2540 o HC e A 4
1M ARE 5 U1 I3 [] 400 ) i 988 2 4 8 AL a1 26 B4 o)
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NF-«BVEPE . 5 FAIEIH T-Aast T, HApmstr 2
ARE B A U 77 A 08T i Al R0, (B ARE B4
MR Ab BEIC I A ), kAR R FRATT 2 Pk A 4l 1Y
W58 S AT 8 7R T BT AL

DL ARE BG4 A 4 98 245 40 76 40 i A 3 1 7K
SEIRFFE R, H ETA 5¢ ARE 7E IR K BB 9838 14
ENEER

4 BRESRE

P E, BERE-MOEHT -T2,
B DA 2= AT BRI R T, ERRAY SR U2 3
T PRI 9 240 B 1 0 S A R BCR 5 T T e
ARE J2 W R £ W) b B i 15 1 e 10 3 1 L ar 2 —
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