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Apoptosis—Induced Effects of Extract from Artemisia annua Linné by Modulating
Akt/mTOR/GSK-38 Signal Pathway in AGS Human Gastric Carcinoma Cells
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ABSTRACT Extracts from Artemisia annua Linné (AAE) have various functions (anti-malaria, anti-virus, and anti-oxi-
dant). However, the mechanism of the effects of AAE is not well known. Thus, we determined the apoptotic effects
of AAE in AGS human gastric carcinoma cells. In this study, we suggested that AAE may exert cancer cell apoptosis
through the Akt/mammalian target of rapamycin (mTOR)/glycogen synthase kinase (GSK)-3f signal pathway and mi-
tochondria-mediated apoptotic proteins. Activation by Akt phosphorylation resulted in cell proliferation through phos-
phorylation of tuberous sclerosis complex 2 (TSC2), mTOR, and GSK-3f. Thus, de-phosphorylation of Akt inhibited
cell proliferation and induced apoptosis through inhibition of Akt, mTOR, phosphorylation of GSK-3p at serine9,
and control of Bcl-2 family members. Inhibition of GSK-3f attenuated loss of mitochondrial membrane potential and
release of cytochrome C. Bax and pro-apoptotic proteins were activated by their translocation into mitochondria from
the cytosol. Translocation of Bax induced outer membrane transmission and generated apoptosis through cytochrome
C release and caspase activity. We also measured 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay,
lactate dehydrogenase assay, Hoechst 33342 staining, AnnexinV -PI staining, 5,5',6,6'-tetrachloro-1,1',3,3'-tetracthyl-
imidacarbocyanine iodide staining, and Western blotting. Accordingly, our study showed that AAE treatment to AGS
cells resulted in inhibition of Akt, TSC2, GSK-3B-phosphorylated, Bim, Bcl-2, and pro-caspase 3 as well as activation
of Bax and Bak expression. These results indicate that AAE induced apoptosis via a mitochondrial event through

regulation of the Akt/mTOR/GSK-3f signaling pathways.
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AGS cell& American Type Culture Collection(ATCC,
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cell& 1x10° cells/mL= #5331 2447+ 53k ¢H4 3}3t
T AAES} 1LY294002, Rapamycin, BIOE 1243}, 244 3F,
48A17F FoF A gldte] COy incubatorol A wikalgict,
¢ o} MTT solution 100 pg/mLE A 7}ste] 1A]7F St
COg incubatore| A HE-SA|ZTF MTT solutione ] 2] gt
mediaZ A A3 PBS washing § PBSE AA3
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Tokyo, Japan)® 595 nmolA 3 =5 SA39 . 54

-

e}
2 R A A Akl o, o) mE Fd @ x5
2 A} Microsoft Excel program Ab-&3fe] #4181 T},

Lactate dehydrogenase(LDH) assay0l 2|gt MEZSN
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dide(PDZ 15%7F 93k & Flow Cytometry-FACSCanto
(Becton-Dickinson Biosciences, Drive Frankline Lages,
NJ, USA)RE 4 ste] Z23ts B8l



AGS AGAEZAA NE
Hoechst 33342 staining
}

12 well plateel]l AGS cellS 1x10° cells/mL& #3538
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idacarbocyanine iodide(JC-1, Sigma-Aldrich Co., St.
Louis, MO, USA) &2 A g]slo] 20 &k -20lA 1t
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cell analyzer(Merck Millipore, Darmstadt, Germany)=
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AAEO| 2|8t AGS 2|2t M|IZ2| apoptosis S E1t
AAE] 93k AGS cell®] S49#l& MTT assay<} LDH
assayE &3 A8kt ol g Ax F2 A afrt
apoptosisol] &3+ ZeIA] dolw 7] Y& Fig. 29| e
v} Zro] AGS cell] £ FEH40, 60, 80 pg/mL)=E
24X 7F &<k 28] $k & Hoechst 33342(10 mM) staining
7} Annexin V-PI staining& 53+ FACS 42 A 83}
o 1 AT olEAE Al e AGS cello] o] ©7
g 3 RS UehiA, AAES s AYEgle o
Aol o] F53 FH=E Q&) Yehts A3 A1 apop-
totic body”7} @8-S A8 tH(Fig. 2A). =3, AAES
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FACSE %3le] 891819 th(Fig. 2B, C). o|ga Avz
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Fig. 1. Extracts from Artemisia annua Linné (AAE) impacts on
the cell viability and cell damage. (A, B) Cell viability was meas-
ured by MTT assay. (A) is AGS cell line. The statistical analysis
of the data was carried out by use of an ANOVA-test “*P<0.05,
"1p<0.05, and “¥'P<0.05 (cach experiment, n=3). (B) is fibro-
blast cell line. The statistical analysis of the data was carried
out by use of an T-test P<0.05 (each experiment, n=3). (C) LDH
assay was performed for assessing cell deaths. Cytotoxicity was
induced by AAE. The statistical analysis of the data was carried
out by use of an ANOVA-test. “'P<0.05 and “*P<0.05 (cach ex-

N 20 40 60 80 100 periment, n=3).
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Fig. 2. Apoptosis inducing effects of AAE. (A) Cell apoptosis observed using Hoechst 33342 staining. AGS were treated with AAE
(0, 40, 60, and 80 pg/mL) for 24 h. Fluorescence was detected using a fluorescence microscope. Arrows indicate apoptotic bodies,
which were DNA fragments produced when apoptosis occurred. (B) Apoptotic effects of different concentration AAE were evaluated
by Annexin V-fluorescein and propidium iodide (PI). AGS were treated with AAE (0, 40, 60, and 80 pg/mL) for 24 h. Data analyzed
by flow cytometry. (C) Annexin V-PI staining was showed by alive cell/dead cell/early-late apoptotic cell fluorescence intensity ratio.

AAES] Aol mE AGS cell®]

sis frEel o AdS & F

2194 a3+ apopto—

AUt

wrtof
st

Apoptosis intrinsic pathway©ll #¢]3}+= Bax @22

AAE7Z} AGS cell LHOIA] apoptosis =& CHEHZEIO|
O|x|l= I&kat MMP(Aym) 2 caspase activity

F2 AxEAd A3 DNA £40] dojubd nEZRC
gJo} ko 7 o]F3}o] oligomerizationdl ¢l& T3t} o
oy} cytochrome C& AZAZ ] AIZ 224 apoptosis
& R=3c} o] 3 pro-apoptotic @A Q1 Baxs Al
St @l E e Bel-29 Bel-xLZ PlEZEglo} Hhof A

Bax?] oligomerizationS A df|dlo] A|E &S 23}



AGS 1A EANA MES% 582 Apoptosis & &I}

Cytochrome C f2lol 2]3} caspase-9 2 -39] &A4l3l=
apoptosis® %3t} Caspaset initiator caspase$!
caspase-8 % -99} effector caspase$] caspase-3, -6
2 -7 Uy =), initiator caspase’} &A43H W Y
Al effector caspaseS dAdslgo =z A x9
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213l mitochondrial membrane depolarization assay(JC—
DE At AAES F=H 40, 60, 80 ng/mL)= 24
AlZE &2t Ak 23 40 ug/mLoAl A 71.8%, 60 ng/mLo
2] 96.6%, 80 ng/mLolA 98.4%2] A3E HATHFig. 3B,

D). o2 B8l AAEZ} ¥= ojExow nEFEe} v 4

219 HEFE FEshS AT 8, AAEE A3}
%S Wl caspase FAS F<2ldt7] Y&l caspase-3/7 ac-

tivity assay= A A8}t Fig. 3C, Eoll Ve wpe} o)
AAEE 5% (40, 60, 80 ng/mL)=2 24A13F &9t At

A3} 40 pg/mLel A 32.8%, 60 pg/mLollA 46.6%, 80 ng/

GSK-3p9] wdo] 43S Felatlrh. e, anti-apop- mLo A 52%2] A3tE B o2]d A3t Fsle] AAE
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Fig. 3. AAE effects on the expression of apoptosis regulatory proteins and MMP (Aym), caspase activity. (A) Cells were treated
with the indicated concentrations of AAE for 24 h. The expression of Akt, mTOR, TSC2, GSK-3f, Bcl-2, pro-caspase 3, and
the activation of Bax and Bak were analyzed by western blot analysis (each experiment, n=3). (B) Mitochondria membrane potential
were evaluated by JC-1. Cells were treated with different concentration of AAE (AGS were treated with 0, 40, 60, and 80 pg/mL
of AAEj) for 24 h. (C) AGS were treated with 0, 40, 60, and 80 pg/mL of AAE 24 h, caspase 3/7 activity was analyzed using
a Muse™ Caspase-3/7 kit, as described in Materials and Methods. (D) Mitochondrial depolarization is indicated by an increase
in green/red fluorescence ratio. The statistical analysis of the data was carried out by use of a T-test. ™ P<0.001 (each experiment,
n=3). (E) Caspse-3/7 activity was showed by alive cell/dead cell/apoptotic cell fluorescence intensity ratio.
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Fig. 4. Effects on cell proliferation and the control of the signal protein via inhibition of Akt‘'mTOR/GSK-3f. Cells treated LY294002,
Rapamycin, BIO, and AAE in AGS cells. Cells were treated with 20 uM LY294002, 100 ng/mL Rapamycin, 1 pM BIO, and
60 pg/mL AAE for 12 h, 24 h and 48 h (A) Cells viability was, measured by MTT assay. The statistical analysis of the data
was carried out by use of an ANOVA-test “p<(.05, “°P<0.05, and “*P<0.05 (each experiment, n=3). (B) LDH assay was performed
for assessing cell deaths. The statistical analysis of the data was carried out by use of an ANOVA-test * “1p<0.05 (each experlment
n=3). (C) Cells were treated with 20 pM LY294002, 100 ng/mL Rapamycin, 1 pM BIO, and 60 pg/mL AAE for 24 h. The expression
of Akt, mTOR, TSC2, GSK-3f, Bcl-2, pro-caspase 3, and the activation of Bax and Bak were analyzed by western blot analysis

(each experiment, n=3).
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