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Research progress on antitumor mechanism of astragaloside IV
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Abstract: Astragalus IV is the saponin compound extracted from Huangqi (A4stragali Radix), which is one of the main active
ingredients from Astragali Radix. It has a wide range of pharmacological effects such as anti-inflammatory, anti-oxidant, immune
regulation, metabolism regulation and antitumor, and has attracted much attention in the field of antitumor in recent years. It was found
that astragaloside IV can inhibit the proliferation of tumor cells and further inhibit the progression of cancers such as lung cancer,
colorectal cancer, liver cancer, cervical cancer, and ovarian cancer. The antitumor mechanism of astragaloside IV mainly includes
inhibiting tumor cell proliferation, promoting tumor cell apoptosis, blocking cell cycle process, inhibiting tumor cell invasion, etc. In
addition, it was also found that astragaloside IV can enhance the sensitivity of antitumor drugs and improve the body immunity to a
certain extent. Astragaloside IV can exert antitumor effects through various ways, and has broad application prospects in the field of
antitumor therapy. This paper reviews the antitumor effects and mechanisms of astragaloside IV, in order to provide new theoretical
support and reference for clinical antitumor therapy.
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IS Astragali Radix X4 E . Hi, wHIE
T (MRARRZ), HRREEE. BEEEL.
FURFEFMEEAE R, 2 m IR i WA R4 2
— W, HA R S 2 RS
WM FEE P, WEH T (astragaloside IV) X
LB IV, 2EEh I EREEEYR, W
A VA B T 0T B 1 32 AR AR AR 2 R ) Jo ik
fithlol, I AR SRAI T AN, B B Y T DAIE a1 A
JEWAEE R I R G W I g A KR IS 2
o7 ESUMREER .. KR T AEEAFEE,
BFEPURTY, PLR KRBT Hraa i3,
Ui 04 ACEHRTT U105 H o BT R I
B EE DU 7 T B0, B R IE,
XN RS, S5 B0, IR RO A
B B E R o A 24 B BT R AL A A P R
RSN I BT, FL TR ATL ) 4747 1 e g 24
b o A i) N N 1l X O N LT RN
T g% SRS LR 2GS 2P . B TR ORI
FF Y IR A G S R M T BT R,
AR IE A F I AR B RS TR AR B MR 7 THI R A 5%
SCHR,  BRALFIR T MR PR AH DAL AT £
CLEA A PRI R VR TT B A8 ) SR AN R B
1 HNI BrhyEs M A 18 %R

9B P 3 ZEE A R TR A R AT AR BRI,
AT S 17 1) e 24 L P 84 B 2 e v 7 1 B T 5K
RSN TR I, RS FE R AT AR 45 BV
Jiiges e 40 AR Y S B 22240

{5 A HE S5 125038 Ik A A I S e T B RS FR Y e A
TR FE AR DG 7 AN 25 B s HCT116 4H A B 46
TS, (RdtgifiT:, H—Pamsld E s
IR RE: Sun SERAA I R B HE AR AR S LRI & AH ¢
77 XA S5 B s HT29 F1 SW480 43 gd, 75
NS R ERNEN 7R i 2 2 e At e S SO vi s 2 B/
RIMEB UL S 755 45 Ve 40 B 3 T A0 20 A
JHRE A Dai SO 7T & I B FE AT LA EE /N
Mo fiijE (non-small cell lung cancer, NSCLC) 4
MO B 5, HBE R E A AT AT DL i i
NSCLC 4 g HITTER I 9 8 H 6 (sirtuin 6, SIRT6)
SR T ez 4 B 7 R 5 2 B BB

B HH AR I TR 1Y 2 M 5 Al ER G R 48 i
ST AR . 1 U P R 0 B R AT el i
WY Toll #£3Z24K 4 (toll-like receptor 4, TLR4) /#%
[XT7-kB (nuclear factor-«B, NF-kB) /{5 5 S %L

WG AT 3 (signal transducer and activator of
transcription 3, STAT3) {5 5 i ¥, #li| ELWE 40 L M2
WA KA I A0 B PRI S B L AR B AIE R R /11271,
e Ap K K F-B (transforming growth factor-B, TGF-
B — AT T 4 M A= KA oAk 1R 22 Ty i 40 i K]
¥, TGF-B/Smad (small mothers against decapentaplegic)
15 5 10 R AE 40 M BG5S B AR, BT SRR S
TGF-B/Smad i % 7£ & FP R A iF 1 1A K 2829,
Zhao SR FL R I 38 W H 1 8T TGF-B/Smad 55
T PR A 71 IR 40 B A B 5E, SRR T AT
Weo £F L, BETCHUHLE 2 AR R b S5 ) o
MG TEER, PR ey TR — M EZY
Yy, (E1FFIRATT.
2 ESMEMIAT

UM TR — A AR P A T T 20, X T
YERFIUAR N IR EER S A B EHIBY, 5 Sgiffustr
S PRP IR 254 1) = ZAE AL < — B2 Hh B
WREEHAESRE-2 (B-cell lymphoma-2, Bel-2) HFH M
B R A R B H B (cysteine aspartic
protease, Caspase) &AM T EEEAX
e, — B OL T HUE 2500l B itk R 40 i yg -2 AH
XK X #EH (B-cell lymphoma-2 associated X protein,
Bax) & HRIETE, Bel-2 FRIAFFEP, #F57R 0
WMEHFEATL T RBERMAMEDBE B
(phosphorylated protein kinase B, p-Akt). | iJi%4f#
Caspase-3 (cleaved Caspase-3) KL, HEFAR
18 HCE-4 40 T, HAE R AT A A2 i i i 42
Akt S F R T @ R R HCE-4 4 T34 #5
FRAEBI LRI EE H H IR 2 s R A N Ir
MAHRT R R LBEEAM 2 (matrix metallo-
proteinase 2, MMP2). Bcl-2 il miR21 [J&iA, L
P miR15a. miR200a 1 32 1 #0014 i A= 1<
feBEPE T 5 Su S 78 A I B H AT AS 2 A
Jii SK-Hepl 1 Hep3B 401 G 40 A BARH A, &
fie LR AR DG O7 i S I g M T, Hi) e )
R W hn IR S PO I S A I B O R
s g SPC-A-1 4Hfii Bel-2 A1 Bax H K
F, F#{IK Bel-2/Bax 18, {eitlimsaigm T, #—»
WIF 9 R I B FR T DG SR 2 i vk A B Ak g
(superoxide dismutase, SOD) J& 4, & ER4H ML H 4
o, AR AT, XA IES
SPC-A-1 4L T4 FILA 22—

i 98 A ¢ B W 4 Mg ( tumor-associated
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macrophages, TAMSs) 7E & AE K 4678 DL IR I7 i 24
AR RSN, I8 TAMSs 4305 MI A1 M2 JIF.
R, AR A 2 I SO TR . BTN,
M2 B4 i RE AR 2 bR AR, ML R 4 i RE T o]
R AR, (2 TAMS [ M1 B AL 2 — b B 22 1)
Jifeg a7 77 28738, Xu B AR A 3
IRIT Mt AL 230 M2 ERAH A S5 bL e 2 A,
BE— BT IR I B T R R A R TR AL B T
( adenosine monophosphate activated protein
kinase, AMPK) 15518 % o 2 1| 1 40 g ) 25-13
(interleukin-13, IL-13) 1 IL-4 53 ¥] E W40l M2
AR INTT 93/ itofes 200 L FR) 42 2« 3% R I8 26 B
PR AR, D Lewis M B AR . Liu
S UOVIE L A4 A AMTE 9T B0 3 1 PR AT R A S
Hu A 5 iz CT26 40 M A G FE AN 75 S 4 M 1
H R M2 BRI M1 B,
55 G Bk BT s A ) 455 B ORI 4 B
TR 72 8T SRS
3 HEIhEERRREFER

iy 248 et 5 o ek I S R 2 e Rg, 4k
M [ JA e AL AR 2 L 2 A B B A, FR e
R ZEMELFS ,  JohJRg 20 1 1 A% MR 28 e T 7E R
MR MR R G EEAEM, s R
2% FV B % ] AT 250080 /b i R 1) R AR R A R 14041
Cheng Z51421 & L 3 B FHH AT LUd e 40 1] 2 3 80l C-
o (protein kinase C-0., PKC-a) -4 ~M5 5 154
1/2 Cextracellular signal-regulated kinase 1/2,
ERK1/2) -NF-kB {55 3@ %7 b R 4 s & i
F (E-cadherin). &% B1 A MMPs Z-E2 AR
FMREARRIL, NIE i A549 4Hf1H
LR AZZE, PHIEARREE— PR RE . Zhu SE4I0T
0 R L B R Y A 3 A 1 O 4 R 2R AT
%, @IT Transwell T2, SXTHERAA L, 36K
] BH 5 PN B % BGC-823 4l AR 22 AT
WM REST, JR/AMRZRAIITFE 1 B i MKN-74 28 it Fr 4L
. A, mRHHIERE] TGF-B1 73 HIBHIR
WAL -3-£2 340 (phosphatidylinositol-3-hydroxykinase,
PI3K) /Akt/NF-xB 754k, ¥% TGF-B1 31 L&
] i #%4k (epithelial-mesenchymal transition, EMT),
IX 4 235 TR ) B T T R 4 ) S 4
PI3K/Akt/NF-xB i % M1 4 il TGF-B1 5 3 i
EMT, & HHAEBCONRTT B R iRiE 259

TR — A WA R, T4k

2 ) AL B™ B A . Zhang ZEM4IE I 44 P AT
FUR I, TR T RE ) B AH SC PRI = S SiHa 48
MR ERITRE, HALHI W] Ae /el TGF-p1 /v
ff) PIBK FIMEZ BRI (mitogen-activated protein
kinase, MAPK) A0S 20 SiHa 20 ()17 2%
MR, Hoadt— 0 R I BB I DA & AH 9C 77 2040
il MAPK. PI3K {5 Zi# % p38. PI3K. Akt Fll
AP HEME R E T (mammalian target of
rapamycin, mTOR) WL . Xia FWHELHE
A 20 BT R B S R AT LUE i 5 B 4 i
W RAM T = B A AR R 2%, Hif— B R IA
7] 771 R P 2 S HR T AR B S HeLa A1 SiHa 210
12 h J5, HeLa Fil SiHa 4HffIf% 2852 3 % & 40, LA
g SRR B B R T A S A P AR
o R M H N kB 16 & ( human
papillomavirus type 16, HPV-16) B4 N\ & £ iy
AR, HE 5 B WA ) b A% AR AR K
Ty T 9 R I B R A ) 5 B S 4 P L [R) R
FEI ELEAH M =T R R E Bl Chigh mobility
groupbox 1, HMGB1) F1 TLR4 [1){m3R15, [FIBI%
/> M2 H7129) TGF-B. MMP-9 Al IL-10 R, i3k
— BT IR I B R ] A A DG M b A ) TL-
4/IL-13 KPR ERRZEE CD14" CD206" M2 A
S B 2R R AR ) SORE DR, X U B B B FE T
] TL-4/1L-13 53 10 EMEAR I M2 Bk, 300 M2
B0 15 5 1) O S AR 22 AT, DRI, B
I A R #] HMGB1-TLR4 % 5 i fch
B B R A M2 BB AL RS2 ON S (1 1 g 1ol
Jiang W@ i A oy ZIMIE 5 B B HR T LA
1 e B2 AH O¢ 7 A 2 H ) N HepG2
Hep3B 40l (11 # A= 2%, Transwell F14%5 1 865K
WERY, @ H SR E-cadherin [
Fis B, MBS REE (N-cadherin) A&
H (Vimentin) ik T, Hift—PRIEEHHE
PN AR5 kS Wit (—R A BE R ED . B-IE
INER A (B-catenin) F1¥% 5% [K ¥ 4 (transcription factor
4, TCF-4) WKL, DL ESERERHEHE
WS Wnt/B-catenin & 124 il FHHe 40 i 1) 4= 22 AT
. Qin SFUSHE I e A SN M AR A B, AN [ 55)
EHH K E TS S Akt AR ER G b -
3B (glycogen synthase kinase 3, GSK-3B) MHIfHE
IR D, RG] T B-catenin FI3RIA .
PR R @ $E Akt/GSK-3p/B-catenin 4%
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k) EMT, AT s 55 i 4H P AR 2 AT R e )
BH L e ik — B R R
4 IESRiTBME A EIRRE

St B B AT OB AN TG N, 253
MG AR AN 2 Ja, AT 2991
VEF W R A, PRSI 2L, Ji)fi g 4
P 24 1 2 R VR T T I AR A SRR . IR 2 — R 2K
BT Z5Y), W HTIRIT ZMEiE. Lai 55408
ARSI TR BB RE R B A SCE ) Beclind
FTP BT R S B T GRP78 7K, Ut BRI
NSCLC 4t A5 i 3 A Py Joa D9S2, T S B
HIHF YR IT#0] 7 GRP78 # Beclinl (335, B R
B B T PP A A ) P Joi DX SO R NSCLLC
2 I 0o B BB, D IUEA BB B TS R VR T AR
NSCLC S FF2 it 17— Mo i 50 .

EMT 1£ MR 244 ) e ke 5 < B A
SRR ) EMT AH OGS = I8 W] BE S oo e 4 P s 24 428
R —FhJ77%. Ye SEPOBIFFT T 38 i FHHE 0T 45 B e 40
P 25 L] A, S RARBEKPHRZET
4S5 EL s AN RS L R ZR AN 2GR T e A
TIRARFF (cyclic adenosine monophosphate, cAMP)
W N et &5 A8 H 1 (cAMP responsive element-
binding protein 1, CREB1), % i H 175 5 /) miR-134
I 0 25 7 SW-480 i ik CREBI [1ERIA, &
ZHH) T EMT 15 54& 58 7 A7 8uZit. He
SEOU5E I A N Ab S 6 A R BEIBOE 1 A8 e 4
PR AKUNF-«B (553, B HH AT LA 34
MR, ] RIS A EMT, MR 1 E141
BRI AR LNCap Ml PC-3 X401 U .

JFRIEMAES A 1 (caveolin-1, CAV-1) +& 53
SRR R 5, ST 5P VIR, iE PR
38 2 7 firh g 20 M B8 T AT AR R AE
IEHE ) CAV-1 A fE A2 — s P 15 S8 00 RO e MR
VLB SENE o Zheng ZEBXREFT | CAV-1 7E1 33
LRIk v AN SR A e S (LIPS
SEVEH], SRR R LR s R ALY
B, DR B AT SR A A T A 4R R T
A Gy/M SRR AR o BB HT R AR R AR 5< 7 304
il CAV-1 Kk, JFE AR 245 2515 31 CAV-1 b
W o AR A SRIG HE— RS, 3T B I ] CAV-
1 %3k, WRIEHOE N B — S B &85 (endothelial
nitric oxide synthase, eNOS) /NO/ il % . fif %
(ONOO) I , 34 IS AZ IS LI 1Ay U,

XU A B TR A A B O G R AT U Rk ik
24, CAV-1 4 A g By 0 e i 24 1 F) B e
5 EBHEKRINGE

G J1 S WUAHRARI SR S AR M 28 B AR 2
PIRIRE T, HURGE RG e IEIE 2 Fug a5 =
TE—E R E A o 4 M g K . B SO B B
R A 9O S T TR RS, R — e R E B o8
WU G2 05 NI TT S FPRERE o 25 Fh f % 4 7
AT L7 DA AV T R 400 s b R A Jre Ak e g T %
S, o T g AT DAVE 9 3RAG 1 IR i 32 1)
KRRy, AT R 22 B R 1) S S R 155-561,
Mgk 2,3- X048 (indoleamine 2,3-dioxygenase,
IDO) AERy—Ffa] LA T 40 B 2508 1Y) G 28 1 59
FE MR A I AR P BEA R e Ly, S 3 kiR
fii R B AT Zhang ZEPSIBFFU RN, B HIHAE
PR AN AT DU R B T 40 R 4H B s T 9%
4l (cytotoxic T lymphocytes, CTLs) L, [A]
i) X fg T i IDO ik, XUt B 1 3 B F ] e i
T IDO /-3 T 4 AT CTLs ) 5052 T R M T #
Jifige (1) fg, IDO Wl RE R B R I I ER . 5
HIREE 5 221 1 (guanylate-binding protein 1, GBP1)
G HRE G EARKRBE KRR, 25t
J&&, GBP1 5381k 5 25 Bl (¥ 71U 25 V) AH 5K - Meng
SESTR I IDO1 T BAS GBP1 44, JH7E GBP1 1Y
RN IDOL (4B Mas 73, AT 32 it 1)
WAL RS, AEAR N TR @ T IDO1
5 GBP1 (A EAE B> IDOT (AL sh 531, I
T/ T 40 50 oy 4 b R g e

Zi b, B BUMR A SR FIA L L& 1 A
1.
6 LIEFIRE

TR AR AL T 2 AT T8 AR
f@RRIE R 7R, HRRALRIE A, BALT S
FRY R A A A 0 ot 4 ) j — BN AR, RS
H—Mae, L ARRB/NBUE YRR
B, PERADHEHZEN. 20 a0 AE MR
BT IR R TR ER . A R e T
CRE” AT malE, (ERDECRRER) B R
ZH, IEAANE, TR 7 60 GEVENLEL)
Fl: AN, BAAZ, BERES- ERERR
CHMIEBE RIS ) . “IE=UR N pes” ©U; B3]
RRRESS, IEAAE AIMZ G AR (R -H)
HBR) = “IERAEN, AR, R i
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Fig. 1 Antitumor mechanism of astragaloside IV
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Table1 Antitumor effects and mechanisms of astragaloside IV

ZiEAE 4 (Eh) R 1E R SCHR
o) 240 P A HT29. SW480 4 i 55 4 LW e A L R 4 ) AL i 24
HCT116 40 i Bax EEAFIA, T Bel-2. P21, A BIEE DI #ik 25
THP-1/Huh-7 408 2 T# %% CD206/CD209 1 TGF-p &AL, ##)] TLR4/NF-xB/STAT3 27
ol g /s FRASE Y (ERpEt
SW962 4 it V5 S OM I R WIBHAF, _EH Bax. Caspase-3. TGF-p. Smad 4 R 30
i%, Nl Bel-2 1 Bel-xL 28 3£ I1A
FHSUE T HCE-4 4y T p-Akt. i cleaved-Caspase-3 ®i&, 1% Akt N SRRk 34
T ESES%RE
B L5 HO-8910 AL 4] MMP2. Bcl-2. miR21 #i%, 14 miR15a. miR200a ik, 1 35
HEAm I T
SK-Hepl. Hep3B 4 i TRESE TN A SEA0H T 3N -1, 41 FADD £ IL-18 23
ARG A A RTIL, 50 BB A
SPC-A-1 4y T Bel EEE#RIA, LA Bax BRI, #58 SOD KA HIKIEE 36
A Bt 1
CT26 40 /N ERAEAY TSR EREE 1. HERZE C B 1 £, LR IL-12. NOS2 i1 19
mRNA FIE KT, (2 M2 B4R A Ml
IR 221 FE  AS49 41l i MMP-2. MMP-9, ¥4 % Bl. TGF-pl ¥£i%, i E-cadherin, 42
1t PKCa-ERK 1/2-NF-xB {5 =1 %
BGC-823. MKN-74 ZHiffg  [&{ik MMP-2. MMP-9. #F48% 35T 1 Y mRNA FIEEAFIL, 1 43
il TGF-B1 1531 PI3K/Akt/NF-xB jif{k
SiHa 41 iy N TGF-B1. N-cadherin A1 Vimentin 3%, | E-cadherin Xi&, 44

) p38. PI3K. Akt fl mTOR [IREER 1L
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ZGREH] i (B A

P FIAL SCHR

4R 2T THP-1. SKOV3 4iji

[%{. HMGBI1 1 TLR4 fK %%, BHKr HMGBI1-TLR4 55, ] 46

IL-4/IL-13 5 S/ E W40 A M2 Ak
Huh7. MHCC97-H 41ijig i E-cadherin, NI N-cadherin. o-"FHI WIS E AR FREE KK 48
F Slug FEAFIL, $EIH Akt/GSK-3p/B-catenin ik EMT

B4 58 BT R 254 AS49Cis. H1299Cis 4l F#{% GRP78 A1 Beclinl & (AL, il Py 5 X R3O 49
O M R LA SW-480 4 i T4 CREBI1 & ik, #i CREB1 {558 %K EMT 50
A LNCap. PC-3 #ifi i Akt/NF-xB {5 ‘551 EMT, {23FH 1T 51

MCF-7.MDA-MB-231 41y #iifil] CAV-1 ik, BiE eNOS/NO/3-fif Fils & M5 5 il i 52
Lewis 40 N RARAED N T 4RI, 1 CTLs ik, 4smAumig 58

NCI-H460. A549 41

FHIST IDO1 5 GBP1 WIAHEAEH, /> IDO1 FIZa b3, Jb T 59

IR ERRERRE TR, IR
AT T 88 (0 5 AN T b SR P, AN
JL R TT DABE 7 R i T R AR 2% o X5 #0a%
YRR AT A b A, R A AR U, A
MAEHLA “IETAEN, AT, KRR
R RO,

PR R BB ENLZRL IR L
RNz —, ST DAy —Fii 1 e R 4001
IR AN AR FrAh e R . B ZG B 2B FTIE
S, P BRI SR TR R I S BTl RE AT
FAEGURIRIER, BB RPN 259
(W2, BHARL K% BRI w] LS i B E B
BERLEs, G55 G B RAEHUM R 1 IO, i R DU
TS TG BT IREA RN, #EL
GBI — E RORO, bR 5 T 254
J o AT CAAHELAE - eRg mh 24 s e m] DAIB 75
RAEIT R HAAMERAI WS . AR, REF
FIAE R B0 R B B TG ATt RE Y o LA S 2
TR, EIRPR LS 25 =05 p iR
T IN AT DHZ IO B R Bot, e
245 6] PR K L FH A 75 7T DA S U R R0CR BAR AR 1
1155/ W N VAZE ReN B

PR R R £, Iy, BaEd A i
FIpTIR R, X T . SRR DR L
B S AR SR AT HR TR o TR I BB
U A 2 EE L S R ARG 5E S
e 240 LR 1 4] ke A PR 4R R AT R SR ST »
S A I T S S 48 5 G 2 R 308 B b R 4 i i 24 (OS]
RIFIER . BEESEIRHBIAR ., BRIz, EMERF
FRORMAW KRS 7EE, SR U 1A

FESRI TSR] 7RSS, HAGRWHIMEZAE

THIAS CAEEDA SRS T4 v o 24 B Ak AR )R DA

J e A s A i 2 v B A S B ) J R ZHL R E A

RERZ . 2 SCHRKE R S5 R IR SRRIE 5 P A 1) 3

KHHREAIRKZER, HRASE WA,

D] L 7 S AE S5 SRR rp i — D 1 E TR 1 I %2

VARG E, flEEZ2MHATTR. NTAR

I3RS LR I PR VBT B A R RS T2 1)

ORISR, A8 A IR SS T B,

St D ISR R R A TN LA .
HAKR PAMEHFRRALEF B K

S 30k
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