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Extracts from Artemisia annua Linné (AAE) have been known to possess various functions, including
anti-bacterial, anti-virus, and anti-oxidant effects. However, the mechanism of those effects of AAE is
not well-known. The aim of this study was to analyze the inhibitory effects of AAE on cell pro-
liferation of the human hepatoma cell line (Hep3B) and to examine its effects on apoptosis. Activation
by phosphorylation of Akt is cell proliferation through the phosphorylation of TSC2, mTOR, and
GSK-38. We suggested that AAE may exert cancer cell apoptosis through Akt/mTOR/GSK-38 signal
pathways and mitochondria-mediated apoptotic proteins. For this, we examined the effects of extracts
of AAE on cell proliferation according to treatment concentration. Treatment with AAE not only re-
duced cell viability, but also resulted in the induced release of lactate dehydrogenase (LDH). These
results were determined with a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as-
say and a lactate dehydrogenase (LDH) assay. Furthermore, we determined the effects of apoptosis
through Hoechst 33342 staining, annexinV-propidium iodide (PI) staining, 55, 6,6'-tetrachloro-
1,1,3,3 -tetraethyl-imidacarbocyanine iodide (JC-1) staining, and Western blotting. Our study showed
that the treatment of liver cancer cells with AAE resulted in the inhibition of Akt, TSC2, GSK-3[3-
phosphorylated, Bcl-2, and pro-caspase 3 and the activation of Bim, Bax, Bak, and cleaved PARP
expressions. These results indicate that AAE induced apoptosis by means of a mitochondrial event
through the regulate of Akt/mTOR/GSK-38 signaling pathways.
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FAA e GFE 71HS T3 dAEY 22 FH =
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Apoptosis¥ mitochondriaE "} 7} 3} intrinsic apopto-
sis 3 death receptor (DR)E "} 7§ 3} extrinsic apoptosis =
FH-Et}. Intrinsic pathwayE mitochondria®l 7% 3 %
of ow, MEZEZoLY fd A FEEd 2=
caspase (caspase-9)9] &4 & F7Ito A FEHT WA,
Extrinsic pathway$] 79 Al Z 9o £4)3t= death receptor

of £4 ligand7} A3l caspase (capase-8)9] &< &
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< %53t apoptosisE F+ETTH10-12].
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M ZH S

Hep3BA| £ = American Type Culture Collection (ATCC,
Rockville, MD, USA)oll Al £ &3t 2™, 10% Fetal bovine
serum (FBS) (Hyclone, Laboratoris Inc., Logan, UT, USA)$
1% antibiotics7} Z3FHRPMI media (Hyclone, Laboratris
Inc., Logan, UT, USA)E &3t 5% CO, 37C A
v st H ok, w) 484170t} Trypsin-EDTA (Hyclcone, Labor-
atories Inc,, Logan, UT, USA)E ©] &3t MEE FHAEH=E
BE g A EE 1x10° cells/mlE B8t Althaj o 3

o,

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazoli
um Bromide (MTT) assay0il 2|8t M=o YEE £H

12 well plate®] Hep3B Cell 1x10° cells/mlE #F3}1
2447 F<k AABAZ F AAESF LY294002, Rapamycin,
BIOES 12717}, 2441 7Y, 48417 &<k A E]38te] CO, incubator
ol A v ettt 29 th& MIT solution 100 ug/mlE 7}
3t 147 & CO; incubatoroll A ¥E-3-AIZH T MTT sol-
utions A& & mediaE A7 31 PBS washing$ PBSE A 7]
3 5 DMSO 150 pl® 2o Z welld] A€ formazans &
T =9 o 96 well platee] 100 pl# &7 ¥ ELISA micro-
plate reader (Bio-Red model 680, Bio-Red Laboratories Inc.
Tokyo, Japan)Z 595 nmol A &3 =5 A3t A4S
Z s EE A W Adeglen, oo utE Haghdt 2EL
2t Microsoft Excel program< Ab§-3ho] £43} ).

lol
rot

|8t M=

Jn

Lactate dehydrogenase (LDH) assayOil
M =H

apoptosisAl M EEre] &40 2 LA E = LDHY ¥< =
%43t LDH cytotoxicity assay kit (Thermo Scientific, USA)
£ AHgstel A =4S Fs 5T W% Hep3B cell&
12 well plated] 1x10° cells/mlE 33} 24417+ 59k ¢HA
S}A71 & AAES} LY294002, Rapamycin, BIOE 244 7k3} 48
AZE 9 A2t CO;, incubatordl A Bl 4F3tA T 45
100 pl¢} LDH reagent 100 ulE &3t 3023 ¢2110A
13 A7 & stop solution® 2 1IN HCl 50 ulE 7+d &
490 nmst 59 nmo A FHEE FAste] IDHEZ TS Hla
skt

o

Fluorescence-Activated Cell Sorting (FACS)0l 2
st Apoptosis ZH&

Apoptosist FITC-Annexin V apoptosis detection kit (BD
PharmingenTM, San Diego, CA, USA)E At&3t Z4 39
th. Annexin V-PI stainingS 913, Hep3B celloll AAES 5%
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(30, 40, 60 ng/ml)= AZsHTh 24X Wt MEE
PBSE A3 % trypsin-EDTAZ 2-& TS, 1x10° cells/ml 9]
FEZ 94 binding bufferZ suspensiond} %t 1 $ Hep 3B
cell& Annexin V-FITC®} prodipium iodide (P)Z 153 &
A3 2 Flow cytometry - FACS Canto (Becton-Dickinson
Biosciences, Drive Frankline Lages, NJ, USA)Z BA5lo 4
}E BEAH.

Hoechst 33342 staining

12 well platec] Hep3B cell  1x10° cells/ml& #F3}1
37°C, 5% CO} uHe ZUA 2442 ek A AR
T AAEE FEH(30, 40, 60 ng/m)Z A 3Ath. 1 F 44
7+ wj kst Al EE Hoechst 333425 0.7 pl¥ A& 3 & 35%
formaline g8ty 2087 14 AlZTh 1 %, PBSE A %
3te] samples Al &8t &% AW (DAP)A A #2350t

Mitochondrial membrane potential (MMP, Aym)<|
24

Al Ze] MMP W3t =5 57317] $l5to] Hep3B cello]
AAEE FE(30, 40, 60 pg/ml)=E A 2|3t Ath. 244 7k wlj %
3t A ZE PBSE A A ¥ trypsin-EDTAZ & Thg 10 pMe
55, 6,6'-tetrachloro-1,1',3,3'-tetraethyl-imidacarbocyanine io-
dide (JC-1, Sigma-Aldrich) €% A 2|5t} 203 &<k 42
A BEEAFT o]F Al FHlE M ZE Flow cytometry - FACS
Canto (Becton-Dickinson Biosciences, Drive Frankline Lages,
NJ, USA)2 E43te AxE #E3HT.

Caspase-3/7 activity &4

M Z ] caspase activity W3t =S ZAst7] 915t
Hep3B celloll AAEE &= (30, 40, 60 ng/ml)Z A 2] 313t}
2447 Wb AIEE PBSE Al A ¥ trypsin-EDTAZ B2
Th& 50 ul9 1X assay buffer BAZ A X E E0JF F caspase
3/7 Reagent waking solutions 5 ul A 2|3t 37°C, 5% CO,
o] 30% &<+ ¥ AT F4l # sampled] caspase 7-AAD
waking solution< 150 pl # 23t 5& &<+ oA whg
A7l 5 Muse automated cell analyzer (Merck Millipore) 2
A8t 235 dEsAT

Western blotting

6-well plated] Hep3B cell& 7z welld 1x10° cells/mlZ
TF8ko] 2443 T w3 T AAESH LY294002, Rapa-
mycin, BIOE A g3ate] 2447t 5<¢F CO, incubatorel A 1l &
Sttt Wi o] £ Al Z o] RIPA lysis buffer [25 mM Tris-
Cl (pH 7.4), 1% NP40, 0.5% sodium deoxycholate, 150 mM
NaCl, 1 mM PMSF]E 7 wellell 150 ul® #7}sto] ohald 2
2 g H 14,000 rpm, 4T A 208 & A £ 3k

Fede Attt FE5F @ d & ELISA-readers ©] &3}
o 595 nmoA FHES A8k AFTE 8%, 12%
acrylamide gel ©] &3t ¥HE01%¥ & samples loading3
H W79 %5 & AAE T nitrocellulose membraned] transfer
A3, ool 2% Bovine serum albumin (BSA)& ©] &3]
blocking & &, 12FZ A S 4TCAlA FA| ¥H-&A]7] 1L TBSTZ
584 44 washing$ 2434 S 2¢A 2 t& 4F2HE

S8t

=

SHANZ

AgdA U3 EH& A =
Chicago, IL, USA)9] Student's t-test® ARSI AT 2 A5 &
39 o] WrEH A& Bty 4ol Z2H=E HAAT

2y o

=

ek

AAE7} Hep3B 2t MZQ| Z4/0f DXl= A&

Fe AE FA% ABE AE A5A2 HA o wel b
BAARA Az F24o] dojue FA I AE W apoptosis
7 &3] o] oA A ofe W dEhbE AW E LA 9
tH17].

MNEEFZE(AAE)] Hep3B 2t AE F40 mjA& 9
shQlsty] AE AAES 5 53(10, 20, 30, 40, 60, 80 ng/
2 A g F MIT assay & ol &3t A X FAEE 24
o I A AAES 1247F, 2443, 48747t 5<F A28k
FE B AL gETHoR AX FH] AHE AL
I3t A th(Fig. 1A). B3 EQ1 Al ok & (Fibroblast cell)

ek AAEY] Al 54& ST 23 AAES 919 54T
FEE U FF AR W Aotz F4E0|
90% o] Fo2 FAHE ASZ Hol AAEY FA ] §l5&
st dth(Fig. 1B). =&, FAHL 54 $£F ks 96
MEZ7L AL o) HEZE oL AlEeto] B EHA FEH
£ E42l lactate dehydrogenase'} & %< £ 43} LDH as-
sayE A 3T AAEE Hep3B cellell MTT assay} &
FEE Azste] 244313} 4843 014 LDH W& FE SAH T
A3, g5 JEHOE LDH BE%o] 3718< AT +
2.1 (Fig. 1C). | &% A2 AAES] 93 AZ F4 oz
AE &4 g Ad S &+ Aok
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AAE0| 2/t Hep3B MZ2| MZ apoptosis 7= &t
MIT assay®t LDH assayE 53 Hep3B cell®] 54 %Al
No1A AAEZF 5= 5L AT o EA o s A g RS
o o2 gk Al &l o l2FA 9 A#7} apoptosis
of ofgk ZAJAA Lopr 7] e Fig. 2014 Ve HEgl o]
Hep3B cello] AAES % =% (30, 40, 60 ug/ml)= 2447+ 50
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Fig. 1. (A, B) Cell viability was measured by MTT assay. (A) is Hep3B cell line. (B) is Fibroblast cell line. The statistical analysis
of the data was carried out by use of an ANOVA-test. “* p<0.05 and ™ 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 (each experiment, n=3).

A& F Annexin V-PI staininge 5% FACS #4374
Hoechst 3342 (10 mM) stainingS 23 3}% . Annexin V-PI
stainingd 7+ AAES A23td< o $% ¢ &2 % apopto-
sis7b fr=8 = 3k th. Hoechst 3342 (10 mM) staining®l
M obF A3t & Hep3B cell®] o] EfH 9]
24 9 HEbAA T, AAES FEEE AYsAs
) Mz 3 =3 EAZ A A AREAZE & FH
U= A3 A2 apoptosis®] 574 WEHH ST (Fig. 2B).
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AAE7} Hep3B cell LHOIA apoptosis Z& HHHZO| &5
ol 0jXle Y& MMP (Aym) ¥ Caspase activity 23

intrinsic pathway® Z43}& 53 apoptosisfrdel= o
g TR ddo] oty 11 F Al ZA A3 Baxe
7l 9213 BH3-only proteinE©] 2, ZtH A 02 243}
Al7] ¢ BH3-only proteind Bime F & Baxol {4 o=
Agsto] 2457 E Ao s ¢¥A gt ¥HE Bdl-2 pro-
tein Bax®| A Z&S Fajste] P AR YA =
AOZ d#A At} TS DNA £47 2 2Eg 27} A

AW B EZT o} ¢uto] A BAKH oligomerization®l ©] 3l
MEZC ol gte] M9 24 55 33 A old g 3
AoZ MEAZ cytochrome C & o 93] caspase-9 &
38 243} Ho apoptosisE FEFTHL, 8, 9, 15, 20, 28].
Caspaset initiator caspase?! caspase-8 % -99} effector cas-
pase?! caspase-3, -6 ¥ -70.2 ¥ =1, initiator caspase’}
243} HE 549 dAlol Y& effector caspaseS 43 A7)
S 2R ALY apoptosisE FEHH[7]. & A= Hep
3B celldl AAEE 5= (30, 40, 60 ug/ml)E A 25t apop-
tosis 27 THAE] FFE Yotr7] 93| Western blotting
< AT Fig. 3AY A UER vl o], w5 9EF S
Z AE Ao Boqstes A5 S E p-mTOR, p-TSC2,
p-Akt, p-GSK-3p¢] Wdo] Zaste Ae sk, o2
I8l anti-apoptotic T Al Bel-29] &4 o] A g o 2N
pro-apoptotic &9 A<l Bim¥} Bax, Bake ®#o| F71st=
dd9 ﬂiﬁig 248 dve As FAd&is £,
caspase®] H1&A 3} Q] procaspase-39] WHFO] A 3§
© A& A8, apoptosisAl EA3HE caspased] 9] g
cleaved PARPY] &80l AAE 5% SEH0 2 F71Ee
gelst gl

U
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Fig. 2. (A) Apoptotic effects of different concentration AAE were evaluated by Annexin V-fluorescein and propidium iodide (PI).
Hep3B were treated with AAE (0, 30, 40, and 60 pg/ml) for 24 hr. Data analyzed by flow cytometry. (B) Cell apoptosis
observed using Hoechst 33342 staining. Hep3B were treated with AAE (0, 30, 40, and 60 ug/ml) for 24 hr. Fluorescence
was detected using a fluorescence microscope. Arrows indicate apoptotic bodies, which were DNA fragments produced

when apoptosis occurred.

ApoptosisE %3+ % & F intrinsic pathwayw DNA
&4, cytokine, 444 F(ROS) 59 A= s e
o A=og o MEZE=g FHE Mol vAF
(mitochondrial permeability transition pore)°] #e|Al B2
Ex mEZEgot B MYzxd s¥e 33I3A Hof
Cytochrome C, Smac/DIABLOZ & apoptosis 71 A &4 &
S AZARE FEIAAY3, 25]. ]9k 2o] AAEY 9 apop-
tosis 7] &<213t7] 93] mitochondrial membrane depola-
rization assay(JC-1)& A A 3tAth. AAEE 553 (30, 40, 60
ng/ml)E 2447 5k Al A3, 30 pg/mio A 10.3%, 40
ng/mlol A 26.7%, 60 ug/mlol Al 84.7%2] ZA3E K th(Fig.
3B, D). JC-1 assayE &3l AAE7} HJEZEgo} 2 99
g5 FES st MES =0t B At EES
35 Cytochrome C fr&lol 2|3 caspase’} &4 35 of
apoptosisE frestA He=d, & 4P AAES A 253
< 9 caspase A& F213t7] Y3l caspase -3/7 activity as-
sayE ST Fig. 3C, Eoll Al YERH nhél Zo] AAES
FEH(30, 40, 60 ng/ml)E 244 7F 52k A A7, 30 ug/ml

o A 36.60%, 40 ng/mlell A 45.15%, 60 ug/mlol A 69.65% 9]
A3}E B ole g AHE T3] AAE7F Hep3B cellol A
intrinsic pathwayE %34 apoptosisg& fr=dthe & &
At

Akt, mTOR, GSK-3B2| AsH0i| &
ot MEZESAM O|xl= HE

mTORE Akt A&7 29 o] G2 Az Y43} &
3}, 4 &S X389 apoptotic signal& A gt I EE,
g/43stE Akt - mTOR A E7% = apoptosisg A3k Al
2o HZL Z/A 7S 4FL FH19]. GSK-3E Akto] o

Al CHERIO

}_X

k3

=2

i =dH e oY é]i anti-apoptosis &+# Tl o] Wy =
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7

guy
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JatAE W, ME2FA 0 vAE G} AT o
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Western blotting= A8t T 1 23, Fig. 4Ad Yehd
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Fig. 3. (A) Cells were treated with the indicated concentrations of AAE for 24 hr. The expression of Akt, mTOR, TSC2, GSK-38,
Bcl-2, pro-caspase 3 and the activation of Bax, Bak, Bim and cleaved PARP were analyzed by Western blot analysis. (B)
Mitochondria membrane potential were evaluated by JC-1. Cells were treated with different concentration of AAE (Hep3B
were treated with 0, 30, 40, and 60 ug/ml of AAE) for 24 hr. (C) Hep3B were treated with 0, 30, 40, and 60 pg/ml of
AAE 24 hr, 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. (E) Caspse -3/7 activity was
showed by live cell/dead cell/apoptotic cell fluorescence intensity ratio.

13 9k BIOE A @ Tl A=
2] 3t %2 control# FAS AE A ES
. =&, Fig. 4BoI A= LDH assayl Al AAE A 2]
33.4%, LY2940025 A 2§ ol A= 154%, Rapa-
mycing A3 ol Ae 145%2 LDH W& %] S71H =
A& gelg ¥Y, BIOE Aed TolAE 104%% oM AlE
AeJ3kA] %-& controlw# W& A9 FE YERES &9
st o123 A2 EYE Aktdt mTORE A2 o
FAE FA L A AdvE AL FstAon, WH, BIO
A2 sl GSK-3p9 A4ts}7} o] Fo] A A] Fol GSk-3B+
A7 = H, JAH GSk-3p= ME A7 AHHel FFS FA
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Fig. 4. Cells treated LY294002, Rapamycin, Bio and AAE in Hep3B cells. Cells were treated with 20 uM LY294002, 100 ng/ml

Rapamycin, 1 pM Bio and 40 or 60 ug/ml AAE for 12 hr, 24 hr and 48 hr. (A) Cells viability was measured by MTT
assay. *p<0.05, **p<0.01 and **p<0.001 (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 T-test. *p<0.05, **p<0.01 and ***p<0.001 (each experiment, n=3).
(C) Cells were treated with 20 ptM LY294002, 100 ng/ml Rapamycin, 1 uM Bio and 40 or 60 ug/ml AAE (40ug/ml) for
24 hr. The expression of Akt, mTOR, TSC2, GSK-38, Bcl-2, pro-caspase 3 and the activation of Bax, Bak, Bim and cleaved

PARP were analyzed by Western blot analysis.
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