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Review on Anti-tumor Mechanism and Clinical Application of Artesunate
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Abstract ; Artesunate ,a water-soluble artemisinin-derivative, has been widely used as an anti-malarial agent. ART also
possesses anti-tumor potential , and inhibits various common human tumors such as breast cancer, lung cancer,liver canc-
er,stomach cancer, cervical cancer,leukemia,etc. The multiple mechanisms of anticancer activity of ART comprise inhi-
bition of proliferation of tumor cells,induction of differentiation and apoptosis, anti-angiogenesis , regulation of cell signal
transduction , inhibition of invasion and metastasis. This paper presented a review of research progress on the anti-tumor
mechanism and clinical application of artesunate.

Key words : artemisinin ; artesunate ; tumor ; mechanism ; clinical

T8 BT AT PRI AR e Y R 24
Yo —HEHUSK, 8RB E—F AR
PO . 5 #3505 (Artesunate, ART) J2&: 75 i
RN Z —  Br THUEBRMER, T Ve
SEBR AT 2 0, e R ATz B
ferth T 25" @ 3 RSN S U B 5E W], ART HAT (3%
(A ek AR B R AV E D, BN 5 P A 2 Aok,
] N A B E 5T A B, ART RT3 o J000 ] e 240 fie 154
BE A S B A0 i A AR T DR AR S S EE S
) P I A A bR AR 2B RS S R R
AT 205 W) Kbl i ik 245 4 22 AL ) & $E BT M VR H o
PO AR ART $T s 48 I HIL ) %) 52 38 0F 98 A i
PRI HZRAR T .

skm H 19 :2016-02-01 %% H1.2016-03-23
R TUH « [E K 3 AR 5L 4 (81060156) 5 )74 H ARFL# 5k 4 i
30 [ (2013GXNSFAA019231) ; 1 76 LA T i 45 AL
TiH (E 200927 ); 7704 BF 5 A= #CH A B R
(201010598RY10)
* A IRA/E#H Tel :86-771-5358255 ; E-mail : xnong@ gxmu. edu. cn

1 SEREMMEERILE

1.1 H]HI BrhJeE 40 A 1 58
111 phlon 4B id M

Ui A il E TE 5 AR AN L PO SRk i AE Z2 B i
SR 2 PP TR S R R A e S R i
P P38 i P SR 200 T ) A AR Ak A0 A T T
PRS2 AR B RE  — R L . 7 T8 BRI X sk
B P EAA R T, JF B8 5 R A DG KL P 3R 3k iy A8
fbo L4AEE HAH T BEME vl W 1 9 HeLa 40
hTRT L[ () FRk , AR B P , E i ] HeLa

AR A 5
1.1.2 w4

T 1 SR LA A 97 200 A ) 300 e e
YU IR 3 5E 1) o5 — > 2 @ 48, Willoughby JA
ST, 75 BRI T LA S MM 41 R B
1 GO/G1 ], AL I, ART BE LAVE B FI 8]
A R S A IR 40 B ELA T G2/ M



Vol. 28 ZEEOLA

T H SRR BTN IR A FHALIR] 5 6 PR L FH O F 5 fee 987

ak G1/G2 #1'®
1.2 @FERMpESESERFSHBAT

S RELE T — 7l 22 36 DR ] A 40 e = s A
REIEFE , MR PR IsET . B & R
5 YRR 5 i 3 B S B UIAE OC , 75 18 BE IR X
i 248 L )45 5 e Sl S B AT R AR . AR
TR, T B G 3 R A BRI Lo R 5 B A7
P2 241 PN R T 40 B B R T B caspase BRI >R 175
IR AN T, BE Ak, s SRR AT DL o
NF-kB 38 B 5 31 1] cox-2 1Y 2% 15175 5 it 924 40 i U
T
1.2.1 £ 4/kFe caspase-3 124 i —

SRR [ Y AR AT Ry AL T | A R
LR BGE Ak SEON P A (R C Bk
A0 B, B T /N, R R B caspase9 |
caspase-3 , ;e 45 | AT o PG 1Y caspase 7E 4 i 7
o FEAEA . AR, MOk BT 5T UESE Bel-2
AN TR R B p it B 2T EWIEN,
O EZ A (1) Bel2 BT Ca®" PN 5 I B
W BRAR Ca® AR A5 I (4 4% 1% PN D7) it 335 4, BT BEL
YN T; (2) A FH IE caspase (3% 4k, & #5 H 4t
JHTMYER ; (3) Bel-2 2550 S 4k i, ol AR 2k
PRBE LA, PR AR R T

Yang Z %" WF5E % B0, Bel-2 Xof JifJed 4 e A
)5 M) AN 2 38 o AR B AR AR Y T2 H
Bel-2/bax SRUGEMM BT K AERT . X THEIE
Tk Xk N 5 9 A L ) e e A B iR R I 7
BEERRENEfE HEAE R T K F Bax WY ZEIL, Ml B =
KT Bel2 19315, G caspase-3 Fll caspase9, 1175
AR RE A T B, s T i B E 8 1 4ok A
BRI E TR
1.2.2 NF-kB 1z 518 %

KEMFITUESE, I (9 & A= HL ] -5 8 15 1 s A
T AP-1 fil NF-kB 7 X, NF-kB {5 @ G k)5, T
VAL BB B R A S 2 R A
KIBAH RFEH P FRIE, O A WIS, 7] DL i
ZAFRATHAMH] NF-«B il > Li S % E
T s BETE AT LAE S 0 ] NF-kB 38 B i B e
AR T

T Hh, ARG (COX) 2 RTHI R R (PGs) A 1K
WG A B8 v i SC PR BR A . COX A TR b W] T iy
COX-1 Fl1 COX-2, {4 Jy 45 ¥ BB FR b 5 2K B ul
Kl ; J5 & s Y, 2 20 0 Pt o e A i s S
TEVFZ R Al 4 rp S5 i R L COX2 Y ad 2

PR G IR AR K A ZE IR A e T e i
BTG A B ARG, Wei 2" S0 5% Rk N, 75 8 B 1K
AIRE 8 I A cox-2 A9 2 IR 5 1B G 96 400 ML A O
T2

1.3 LR

13,1 #phlizs

R HFFE R Y, 4 )8 & 1 A ( metalloprotein-
ase, MMP) -2 1 MMP-9 {75 3 g 200 i v 114 1 35
K HH R B AT A AE S K AR, MMPs fi2
HE IR R 2200 e A% 1 BIL A6 455 « B3R Ak 4T J A/ 8 B A
LN, £ 2t Irbeg ) 1 2 ZURE 5 VA S Ak i
Je A8 A A A0 5 I8 200 i 2R B AR 5 2 i AT B
£=l180  Rao JS 25V i A S Ad-uP-AR-MMP-9
A H1299 i 4 P, 400 MMP-9 (933K, 25
A2 AN M EA BT bR 15 R 1V T, BRI ) e g
WREE R BB GTME r H Y.

1.3.2 25 B 98 o 55 37 &

A= LA TR IR SIEAAR IR i A 2 7% 1Y ol ST
PRI PR TR R 25 B IR TR L I N
K K F (vascular endothelial growth factor, VEGF) J&
I i 30 1) e S ) I A A PR A I8 A 7R
b, T IAE N E AER) VEGE T Angs %
KGRI IR & PSR ™Y . 5 55 3R MR T b
VP ROML S L0 A5 B DI ang2 J&
UTAEARHT A B LA 2B B 8-, W90 2 HIE 55 ang-2
AR g ) A A B, DT 2 5 IR 1) At R B
Bk oA KB, ART R T A FE A
i ishikawa 20 MIFR)S , ang-2 mRNA J& R K 25 1 5
FIRIK-E AR, HED ART 7T B3 o 520 VEGF
IR, B ] ang-2 23k, IEREINE 7
AT B s 2 L 19 f2 28 BB T
1.4 HFIpPIE S 25T e

A7 e fieb e 200 B 7™ A A T 24 1, 2 R R T R
W EBE IR H, £ 24525 ( multi-drug resistance,
MDR ) S5 th— 7 25 Wy 4 1] T g {2 7 A i 24
(7] 1oy of HAth 22 b 285 1 AV E FIAIL ) 58 AN [R) RO 08 24
WA e U 25 1 4. WF9EIA T, 7 4= MDR 1Y
HE K Z —J& ABC KIGEEH, a1 P-HE & 1 (P-
gp) , 2 24 25 A0 SC B L (MRP) [ ABCG2 9 5 &
ik, P-gp Al MRP 3@ i = BERR IR (ATP) $2{ERE A,
FEALTT 259 i 200 B PN 2 A B Ab B ARR 4 A P 40 i
S 2 )R B A AT e 9 ] ek 553 3 2k i < 3
N2, BFFERM, BRI 4 S isEH G2
(ABCG2) 5 i 1) 2 25 T 245 % U AH G, 48 ART 4b



988 KIRF=YIBE R 5T K

Vol. 28

RS ) Ecal09/ABCG2 # B AL MR 40 ffd , ABCG2 i
EWAL, DM ABCG2 25 T &8I £ 24 251 E
B, ART RJ 8 oo B AIG £ 487 98 48 B v ABCG2 1Y 3R 3A
T 0 2 B A IR R 25 /R
1.5 Hftr

T s BE AR v AR R R G A, (1)
e IZE T A2 0 i BRIR S S R T RE Y G R
TS HESR T A e 2 — 3. ALEFH NN
T i BEIR A S A T, A 2 35 A Oy A 3 i
BRI RE I AE 30 A NN R A R 1) 38 55 4
(2) A F00 [ AR Efferth T P 28 RF 5345 H
T IRRRREAEBR AL T AR A R SR TE MR, 0
PR e Ak R o1 F A I RS 4544, B0 e gt
MBS e A TT BB 2 ART B ibs i ALl 2 —
(3) I JE DRURN Mg 2 R - KA o8 B, 5 18 35 R
FIPTIREEALE] S Survivin (P21 (P27 (P53 459 5L K %%
YIFSG, (4) ARSI PE AN I AL T (ferroptosis ) : I 4F
K, A BRI ART 53 B iR 548 B 40 MOS8 T2 1
07 R[] T BRIV caspase /S AU T- 5 ER4E,
T 2 S — PR T SRR R R PP PR SR TR
S A T

2 BEIREEHPNEIG KRR A

T 8 2% OO T R B ARG YT . JEH:
X RETF AR, B 7 5 KA B 32 0T
ARy G g A R R U, 2 — A A R YU 2
Y. HACREIE., HAS RN, il s 2 — ok
O, B2 AR T B R 5 TR O IR AT AT R R b B
/D HCBERIAE T, 3 282 6 ik AT B 52 Pk, 2
et TR 200 T AR AR ORI R 728
2.1 MEE

Singh Narenda P %" & Y 4f% 8 75 i KL i ]
T BRI T MR SRR AN M8 o IRYT i B A AR
60 mg 75 & BEEEILE , 3T 15 d, )5S 16 d JTiR, 2
HAER IR & BE R 50 mg, ZRYT A H 5, i
FARTRII 45 /N 70% , S50k 12 459 20, 1835 1)
PRI GE FIRS IR S 2 I I 25 2
2.2 EHEKRE

Singh Narenda P VRN IR P R T
RIRIT AR B 12 DR, BRI AR &
A ISR )N (L P kBT 2 4 s e R B A, B
PN PR b A5 , W5 Rz 21 55 A0 G A IR FAARAE A
P RFUGE,

2.3 EBEMHEGRER

Berger %% 95 # BEBE VAT 2 0 48 1 2p afi b
WEAL 2R YT TR 110 TG ) A 6 P A 4 B A (2 2500 1R
& H 1 R ERIT 2R A e , 9D it o
RS A B S A e 7SR B TR) 3 47 AN A i v
FHIHRORBEE 2 ~5 N HB P AAAR R,
2.4 e/ B i

SRR " 452 5t v g 390 A1 /0N 200 i i 8 2 g B
23R 4L (KRR ) A 5 BR R I A& by 4 (I
41), 220 2 ANJEHWIRIT, &5 K s AT &
PR, R0 2E R U 2 ) 9 0 i) 23 AR o 0 R e (1]
G225, 400 R 88.2% (24 J& 1 72.7% |
20 J& . $RURT EBEARA T RE IR D Bl B T bR X
feI7 25 24 , S8R A2 % ki), SiE R AR RIS ]

{Ef5— R, Konig M"™) 25 75 75 5 5% 155 4 By
TRYT RS o) e 0 L Mg B I 5 |
FER R, TE 23 BRI AF R LB E T 4 4
BGPTSR G BN, X 1] fE 57 BY
FRIEEAR &, HEINTF 2, 58 & L A wE
I R IR TR T 1D, A 6 Rt B 1) 2B 0 o i,
KAAEEA]

3 4iE

25 LR, I 20 Ak X i T BRI A A g R
T B 1 2 AL A S TR R 7R A AL
70 2k Y F] PR X A 8 200 PO 6 b s, T I DN,
X EARE A 2 A AT RE A BT R A AR 259 . 2
JE , XA [ Rg 1 o 436 P 3% 03 A1 50 A 1 L
WA SEEE . NI RATT & ART 7E3 4 F A
PR A=W = RO R I 5T, TR BT TP R B9 1 L
i, B EAT AR A R R SO IZ R
BEAN, AR T T SRR TR BT T, 10 ak o 2240
T8 BEIE AN RN AT, LA i R 4 4 I 24 2
HE%

S 3k

1 Tu Y. The discovery of artemisinin ( Qinghaosu) and gifts
from Chinese medicine. Nat Med ,2011,17 ;1217-1220.

2 Jiang HY (¥541H) ,et al. Research progresses of artesunate
in inducing tumor cell apoptosis. Chin J Biochem Pharm
("PEAAZ Y RE) ,2014,34:181-183.

3 Efferth T,et al. The anti-malarial artesunate is also active a-
gainst cancer. Int J Oncol ,2001,18.767-773.

4  Mandal M, et al. Bel-2 prevent CD95 ( Fas/APO-I) induced
degradation of lamin B and Ply ( Aop-ri-bose) polymerase



Vol. 28

A5 A T IR (R AL -5 166 PR N T R RIS e

989

10

11

12

13

14

15

16

17

and restores the NF-kB signaling pathway. J Biol Chem,
1996,271 :30354-30359.

Ai JX(34:55) . Inhibiting effect of artemisinin on HeLa cell
growth. J Shanxi Med Univ (L1 P4 BB} K 2#2%4)k) , 2007,
38.:204-207.

Willoughby JA, et al. Artemisinin blocksprostate cancer
growth and cell cycle progression by disrupting
Splinteractions with the cyclin_dependent kinase_4 ( CDK4)
promoter and inhibiting CDK4 gene expression. J Biol
Chem 2009 ,284 :2203-2213.

Jeong da E, et al. Repurposing the anti-malarial drug artesu-
nate as a novel therapeutic agent for metastatic renal cell car-
cinoma due to its attenuation of tumor growth , metastasis , and
angiogenesis. Oncotarget ,2015,6 :33046-33064.

Li YX(Z=52%) et al. Inhibition effects of artesunate on no-
vel human palatal salivary gland cell line of adenoid cystic
carcinoma in vitro. Guangxi Med J(J V4 BE%2) ,2012,34 .,
517-521

Papanikolaou X, ei al. Artesunate overcomes drug resistance
in multiple myeloma by inducing mitochondrial stress and
non-caspase apoptosis. Oncotarget ,2014,12 .4118-4128.
Yang Z et al. Cardiovascular inflammation and lesion cell ap-
optosis :a novel connection via the interferorrinducible immu-
noproteasome. Arterioscler Thromb Vasc Biol,2009,29.1213-
1219.

Zhang P et al. Artesunate inhibits the growth and induces ap-
optosis of human gastric cancer cells by downregulating
COX-2. Onco Targets Ther 2015 ,8.845-854.

Van Waes C. Nuclear factor-kB in development, prevention,
and therapy of Cancer. Clin Cancer Res, 2007, 13.1076-
1082.

Wang D, et al.

stimulated proinflammatory responses by suppressing TLR4,

Artesunate attenuates lipopolysaccharide-

MyD88 expression and NF-kB activation in microglial cells.
Inflammation ,2015 ,38:1925-1932

Li S,et al. Effect of artesunate on inhibiting proliferation and
inducing apoptosis of SP2/0 myeloma cells through affecting
NFkappaB p65. Int J Hematol ,2009,90.513-521.

Méric JB, et al. Cyclooxygenase-2 as a target for anticancer
drug development. Crit Rev Oncol Hematol ,2006,59:51-64.

Zuo W et al. Artesunate induces apoptosis of bladder cancer
cells by miR-16 regulation of COX-2 expression. Int J Mol
Sci,2014,15,14298-14312.

Rasheed SA et al. First evidence that the antimalarial drug
artesunate inhibits invasion and in vivo metastasis in lung
cancer by targeting essential extracellular proteases. Int J

Cancer ,2010,6:1475-1485.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Visse R,et al. Matrix metalloproteinases and tissue inhibitors
of metalloproteinases structure, function, and biochemistry.
Circ Res,2003,92:827-839.

Rao JS, et al. Inhibition of invasion, angiogenesis, tumor
growth , and metastasis by adenovirus-mediated transfer of an-
tisense uPAR and MMP-9 in non-small cell lung cancer
cells. Mol Cancer Ther,2005 ,4.1399-1408.

Nesbit M. Abrogation of tumor vasculature using gene thera-
py. Cancer Metastasis Rev,2000,19 :45-49.

Karamysheva AF. Mechanisms of angiogenesis. Biochemistry
(Mosc) ,2008,73:751-762.

Murray J, et al. In vitro oxygen availability modulates the
effect of artesunate on Hela cells. Anticancer Res,2014,34 .
7055-7060.

Bach F,et al. Angiopoietins in malignancy. Eur J Surg On-
0l ,2007,33.7-15.

He RR(fiJ2 %% ) ,et al. Effect of artesunate on expression of
the angiopoietin-2 in ishikawa cellline. Chin J Prac Gynecol
Obstetrics (7 [F S AR5 2R ,2010,26 :260-262.

Liu L,et al. Reversal of multidrug resistance by the anti-ma-
laria drug artesunate in the esophageal cancer Ecal09/AB-
CG2 cell line. Oncol Lett ,2013,5.1475-1481.

Efferth T, et al. Enhancement of cytotoxicity of Artemisinins
toward cancer cells by ferrous iron. Free Radic Biol Med,
2004 ,37 :998-1009.

Eling N, et al. Identification of artesunate as a specific activa-
tor of ferroptosis in pancreatic cancer cells. Oncoscience,
2015,2.517-532.

Singh NP et al. Case report of a laryngeal squamous cell car-
cinoma treated with artesunate. Arch Oncol,2002, 10 279-
280.

Singh NP, et al. Case Report of a pituitary macroadenoma
treated with artemether . Integr Cancer Ther,2006,5:391-
394.

Berger TG, et al. Artesunate in the treatment of metastatic
uveal melanoma-first experiences. Oncol Rep, 2005, 14.
1599-1603.

Zhang ZY (5001 ) ,et al. Artesunate combined with vinorel-
bine plus cisplatin in treatment of advanced non-small cell
lung cancer: A randomized controlled trial. J Chin Integr Med
("hVEBEZS A4 ) ,2008,2:124-126.

Konig M, et al. Investigation of ototoxicity of artesunate as
add-on therapy in patients with metastatic or locally ad-
vanced breast cancer: new audiological results from a pro-
spective, open, uncontrolled, monocentric phase I study.

Cancer Chemother Pharmacol ,2016,77 :412-427.



