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The extract from Artemisia annuain L.(AAE) is known as a medicinal herb that is effective against
cancer. Apoptosis is the process of programmed cell death, and mitochondria are known to play a
central role in cell death control. In this study, we evaluated the p53-independent apoptosis of extract
of AAE through downregulation of Bcl-2 and the mitochondrial pathway in A549 (lung cancer cells).
AAE may exert cancer cell apoptosis through regulating p-Akt, Cox-2, p53 and mitochondria-mediated
apoptotic proteins. p-Akt/cox-2 is known to play an important role in cell proliferation and cell
survival. The Bcl-2 pro-apoptotic proteins (such as Bax, Bak and Bim) mediate the permeabilization
of the mitochondrial outer membrane. Treatment of AAE reduces p-Akt, p-Mdm?2, cox-2 and anti-
apoptotic proteins (such as Bcl-2), while tumor suppressor p53 and pro-apoptotic proteins. Activation
of Bax/Bak releases cytochrome ¢ from mitochondria to the cytosol to activate a caspase. Caspase-3
is the major effector caspase associated with apoptotic pathways. Caspase-3 generally exists in cyto-
plasm in the form of a pro-enzyme. In the initiation stage of apoptosis, caspase-3 is activated by pro-
teolytic cleavage and activated caspase-3 cleaves poly (ADP-ribose) polymerase (PARP). We treated
Pifithrin-a (p53 inhibitor) and Celecoxib (Cox-2 inhibitor) to learn the relationship between the signal
transduction of proteins associated with apoptosis. These results suggest that AAE induces apoptosis

through a p53-independent pathway in A549.
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of ATk, AFAE g =4 3 BALS 2Yste A
ol A 7= T4 H ol % AA o e o2 7pA A
AFEES 8T & A B AR AT A7 Fol
o] Fo AL JTH12]. A& HAM A g AR TS YE
e AeZ 47 xd A2 NEE(Artemisia annua
L)ol Aot MEF&L2 =37} (Compositae) 9] %< (Artemisia)
o &3t G 2ROE 2 s 9 FY F4o] dF
HBOEN AR F5 W 9= A oA o TH18].
A o2 A £AE o] 8 MEL FAA Y AT

o) olfolPoRH WA FEEe AEFY] 24 BE o

Ax FA A, A EZY apoptosis (M EAZME)E =3¢
= a7 A EEE] ,\,lEHM] Apoptosist Z2Z I H A X
SR Ao = 9 AxT V| xPAY EAE
Zt=tH15]. o EW} tﬁ_}b}% =9 8 FAd Fog 4T
S ot QIARE AbEsfok ATt AR AbEEtA] gfod 2
2 AEZEY Aot doz APH 4 QT1e6].

Apoptosis®] FZ = 9 AA 7 & (extrinsic pathway)<}
WA 7 Z (intrinsic pathway)® 745 =8l apoptosis”} ¢
olts T HEZEote: F88 TS g, 53] Y
A AEE Bc2 family Ao o5 FE =HHATS]
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Anti-apoptotic T 4 ol = Bcl- 2/ Bcl-Xi, pro-apoptotic T
Aol = Bax, Bakol Y= o5 A2 ZAgsto] 3ol FA
(homodimer)$} ©] 3 o] FA) (heterodimer)E ©] &t}. o] T
429 44 Hl&L apoptosis®] A} 3 Tl FF
< F019].

AktE serin/threonine kinaseZ A| X F4 o]y £3}, A%
of #4433 Badl} caspase-97 Z-& pro-apoptotic T 2 9]
WS Adfste] apoptosisE JAStE AoE ¢HA AT
[17]. Murine Double Minute 2 (Mdm2)& A 3E< 43 &
o3ts Ao R Aktol 3 serlood Al oA <l4tstE T p-
Mdm2& p539] AAEA 5910 Zste] p539] ubiquitina-
tions +=TH23]. A A A (Transcription factor) 2 4] €]
p53e A E AEel #Hofdts A HH S 2Hsko HA
A Mz BAYS FRH 0T AFAFgoen o BA 9
A 715 FHIT0].

Cyclooxygenase-2 (Cox-2)& dFoly ol TAH =4
oM o] Frtet= A oi 53] e w i o5 4
of #oldtty YA Qi Hd @ Hf AZAE B
W S7h @8 A9 ST & 249 Hol T 5= =9
o dHA JoH13]. AES AR T s SPEe

oj=d s Cox2 A& A=) &4& AsjEo] FAEY
4ol dAHe Aex Hugd ue} Cox2 A% =
o] Az MY F4E AT e T

ATEAZ AT F des & F AT, 22].
webA B Ao A= AS49 H L ATl AAEE X3
< u) apoptosis EFE &8t 3¢, old HAstE

p53, Cox-2 A1 54 29 A3} ¢t Bel-2 family ¥ A7t 45
FBAHAE FH}ILA ST

Mz U

=

2 APAA AEE AESES tE FEHAZAA T
& B 7FE 250 gol 95% o €& 200 ml< 7}k
A EF FEsAT. ol Yo R F
28 AAEE A4e=71E ol&sta] st 534 AR
%, DMSO (Dimethy! sulfoxide)Z 100 mg/ml stock &% %t
501 20T o] Baste] ALt 3-(4,5-dime thylthiazol-
2-yl)-2,5-diphenyltetrzolium bromide (MTT)< Sigma Aldrich
(Sigma-Aldrich, St. Louis, MO, USA)el Al T3t 5 mg/
ml stock©. 2 BHE0 A AL&3H T =3 Pifithrin-a®} Celec-
oxib< Sigma Aldrichol A 7913t DMSO®l| =<1 5 2+
20 mM3} 100 mMOo.2 THEo] AHg3kgth

MIZEHHE
B Ao A AH8E A549 M EFE American Type Cul-

ture Collection (ATCC, Rockville, MD,USA)l| A &% w3k
o} A549 Al X3 & wild-type p53<& 7HA & 3 & A E o H}7].
A549+ 10% FBS (Hyclone, LaboratorisIne, Logan, UT, USA)
9} 1% antibiotics (Hyclone, LaboratorisInc, Logan, UT, USA)
7} 33+E RPMI 1640 ¥ A (Hyclone, Laboratris Inc., Logan,
UT, USA)E At83t$ 3 Fibroblast M| X+ ATCCOA &%
Hhok o1 10% FBS9F 1% antibiotics7} 23%¥ DMEM (Hy-
clone, Laboratris Inc., Logan, UT, USA) H A & At-8-3t¢] 5%
CO,, 37T zAstol mFstitt. w 48417 vkt Trypsin-
EDTA (Hyclcone, Laboratories Inc., Logan, UT, USA)E o]
&3te] AZE RGAHE BHE g, AZE 1x10° cells/ml

BFeta A wFstth

MTT assayOl 2/&t MZ =4 & HEE X

A ) F& 12 well plate] A549 Al ZZ 1x10* cells/mlE
B33 24, 48, 7243t T18] I Fibroblast Al ZE 1x10* cells/
mlZ £33 2447 Tl FA L F AAES A2 stglth
Pifithrin-a9} Celecoxib *] 2] Al ol & Pifithrin-a, Celecoxib <
302 HA A3 & AAEE FEHE A5t 48A7 &
Hj oF et STk, MTT& & 3014 718k 308 &< CO, in-
cubatoro] A v kgt &, MTT A ¢ke] = WA E Al A
1 DMSO 150 plE ¥ o welld] AAH formazang EF =
o] 96 well platee]l 100 ul® &7 A4 Microplate Reader (BIO-
RAD Laboratories, Inc, USA)Z 595 nmo A §3E=E &4
3ttt

s

i

Lactate dehydrogenase (LDH) assayE °[st ME =
o &3

Apoptosis Al AlEZeHe] E£40 2 Qs WA E = LDHY
¥& Z43t7] 98l LDH cytotoxicity assay kit (Thermo
Scientific, USA)E AH&3te] AE 54& A3t igd
A549K £ 24-well plateo] 1x10" cells/welld] 5= 2
atof 2443t wjoksto] FA 9 QbR S A7 &, AAEE ﬂﬂ
319 T}, Pifithrin-a®} Celecoxib #] 8] Al ol & Pifithrin-a, Cele-
coxib & 30 WA M T AAES TEHRE At 48
Azt S ettt 4S5 50 ul ¢k LDH reagent 50 ul&
et 3083 & =AM ¥HEAIZ] B stop solution .

2 25 WE 7} & 490 nm, 655 nmol A FFEE ZH 5}
LDH #&%&S ZAsa0.

Annexin V-Fluorescein Isothiocyanate (FITC) stain-
ing0il 2/t apoptosis 8

Apoptosise HFHOE £437] 9|38 FITC-Annexin V
apoptosis detection kit (BD Pharmingen, USA)E A+-&-3} %
o MZE 2 g 3,000 rpm, 583 YA Belste 459
£ AAs AT PBSE ol &3te] 28 A A& 5 Annexin V



binding buffer 500 ulo #+A1# Annexin V-FITC ¥ propi-
dium iodide (PI)E.’ Aefstal o 294 305 WHSAIF
o} w30l ¥ % BD FACSCanto 1€ AH8-314 flow cy-
tometry ol &3] =483 ths BD FACSDiva SoftwareE
oj&ste] A3t

Mitochondrial membrane potential (MMP, Aym)2]
24

mEZCelote] B 299 Wt 2A87] 98] Muse™
Mitopotential Kit (MCH100110, Millipore Co., Billerica, MA,
USA)E AH&3stTh A549 Al Z+ 1X Assay buffers ©] &3}
] 1x10° cells/mlE A 7] I mitopotential working sol-
ution 95 plE £33t 37°C, CO, incubatoro] A 20& 5ot
HHEA AT ¥HE ¥ Muse Mitopotential 7-AAD reagent 5
s EFsto 5& ¢ A2oAM At Cell Analyzer
(PB4455ENEU, Muse" Cell Analyzer, Millipore Co.)Z ©] &
skof E43hid.

Western blotting0il 2|8 EHiE W5O| 24

6 well platec] A549 H|EZE well & 1x10° cells/ml= &5
sko] 24A17F < YT F AAES FEEE Aot
Pifithrin-a, Celecoxib¥} W& # 2] Aol & inhibitorE 30% W
A AgstRor, BE 245 HF AT T 8A% ¢
CO, incubator® A #j &3ttt Wi ol B¢ Al o RIPA ly-
sis buffer [25 mM Tris-Cl (pH 7.4), 1% NP40, 0.5% sodium
deoxycholate, 150 mM NaCl, 1 mM PMSF]E 7 wellel 150
w¥ Hrtste] g dS £ $, 14,000 rpm, 4Tl A 20&
¢ 94 ZYdte Aede At F2d did L
ELISA-readerE ©]&3}4] 595 nmol A &3 =5 =435lo A
Fat Aot 1 k5ol 8%, 12% acrylamide gel& ©] 838t 2
719 %S A AT & nitrocellulose membrane®] transferdt$l
t}. 2% Bovine serum albumin (BSA)< ©]8-3l blockingat i,
12 A E 4Tl A overnight A& & T 23 FAE A%
AN A 1A B 5 8-S A7 Blue X-ray filmol 733}k

43 23E A3

EAAZ

A ZE I SPSS (Statistical Package for the Social
Science) 22.0 Z2 W& AFL3IG T AF AA O tig B
B ttestS ANt Fo4S AASAY 2 A2E 3
Hoo] e e AYs ok dojd A= HASL
p<0.05¢) 4F FAHCE FoAY Aoz AAsAH.

AAEZ} A549 T2} M|zo

o =
T &0l

| SAl0f| DjX[= &8} apoptosis
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AAE Aol o & A549 HFAH 29 Sl vA= 9
olH 7] 9l MTT assay$¢t LDH release assays & 3l
A AZ FHGA AHE 747 S Th A £
fibroblast Al E ol ti3 AAEY AE 54L& A3 Ayes
Fig. 1A YetH 3Tt AAES lnmﬂ(zlo 60, 80 ng/ml)Z
A F 2443 T4 WA o ARAEY HESO
90% o142 fAFE AOE Hol, AAE FEE9 540
&S AU Fig. 1Bol UER vho} 20|, AAES 5%
(10, 20, 40, 60, 80, 100 ng/ml)= A 2| dk 3 24, 48, 724t

S AZE T AAES Tk A7 20 A549
AZY AEEo] Faste As AT o2
LDH release assay s A A 3ti=tl, LDHE= /‘ﬂ ?J_Oﬂ J-ZH 0}
T HAE AEgo] &g o
Th24]. webA Az &4 A%
Foﬂ Eoi)\)\l__ LDH }ﬁ é
AAEE 55 (20, 40, 60, 80, 100 ug/ ml) 2 xmf& X 24, s,
7277 Fk WA W) LDH W& &0l AAES] Fx9 A
Z 37hste A 24 OP‘E\"% oj2f3 F4 Al
B 37} apoptosis =l 9 AJAE Ldotr7] 93 flow
cytometryE ©]& & annexin-V/PI staining B8 AANEY
t}. Fig. 1Del Wehd uhe} Zo], AAES 5= (40, 60, 80 g/
m)E A2 F 4847 5 w-EAA HH Zé & A o A
AT HEMEY AAA apoptosis®] ' FIEE o 543% 2
ol @tou AAE A w57 S7HE = HETt St
o] 80 ug/ml AFAH = F 21.79%0l | 3ote Al Eol A
apoptosis7t =8 A2 #HZHT wehA AAE Aol
o3k A549 HFAZO| HEE H T
g3 dAgdes & F AN

>
Hd o
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=

A+ apoptosis®l

ey

AAE01I olst D|EEC2|0t 9f M| Sstet 2ted CHE g

NEZEgol AEE T3 apoptosis7t Fr =5 AZZ |

EA%e ZE ol ¥ apoptosis 24 G o] nEZC g
olZ o] Fsto] mEZ ol & 3}(fragmentation)’t ¥ o]
gt} ol 2 e mEZEgot o #ESIF B 24

7 (permeability transition pore)s €] apoptosisell &
T @dEe eE 37 d9 33 DNA &3
53l apoptosisE FE=atA ATk, 11]. W EZE o} 7
A9 9] WstE Folry] 918 Muse” Mitopotential KitS At
&3k Cell Analyzer® #43t$th. Fig. 2A0l UEb Hh9}
o], AAES 55940, 60, 80 ng/ml)Z A 23 F 4847
T BSAAE W Y WA AT dAE A

T HEE F1536%% Hl$ Wekou AAEY
Ae w27t S7HEE HETE S718k 80 ng/ml AP
A= ok 9.6%°l 3 B3k Al Eol A apopt031s7} =9 7
S BEHUG. M EZE ot HANE FAS=H T

ol'

m{m

apoptosis?] i
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Annexin V

Artemisia annuain (AAE) inhibits cell proliferation and induces apoptosis in A549 lung cancer cells. (A) Cell proliferation
rate was measured by MTT assay. Fibroblast cell was not effected by Artemisia annuain 40-80 pg/ml for 48 hr. The statistical
analysis of the data was carried out by use of a t-test. N.S;not significant (each experiment’s, n=3). (B) A549 cells were
treated with Artemisia annuain 10-80 ug/ml for 24-72 hr. The statistical analysis of the data was carried out by use of
a ttest. p<0.05, " p<0.001 compared to control. N.S,not significant (each experiment’s, n=3). (C) AAE increased the LDH
release in A549 lung cancer cells. Cells were treated with the indicated concentrations of AAE for 24-72 hr. The statistical
analysis of the data was carried out by use of a t-test. ™ ®p<0.01, ~****p<0.001 compared to control (each experiment’s,
n=3). (D) Apoptosis was measured by Annexin V-fluorescein isothiocyanate and propidium iodide (PI). Cells were treated
with the indicated concentrations of AAE for 48 hr.

& 4&E ste M A Z = Bel-2 family7b ATH20]. Bel-29} PARPS] S7F 3 & ¢ vt 7H4 ok9 @Al o A8t

Bcl-X. 22 anti-apoptotic & &2 W] EZE o} 2o QHA T caspase-3°9] 93te] e 5= @Al PARPE DNA re-
3}5 #2583l Bax, Bak3} 2 & pro-apoptotic T A& v & pairth A2k AR FA Y FAJAAZ gt A T TH o

FZrgol o8 olFste] o B S S 9 Z ZgA =9 PARPY 7|5 AAsHA At o]2)g PRAP
ZHo}(3]. o] 2 ¢ apoptosis A o] &A= H 7 A4 A o] @A 3= caspase 2/ & E2Q apoptosis F =9 A3}
&S s Ao= U7 caspase-37F B4 5 E o] PARP & A FAAE ALLEHI UTHe]. oY AFE AYE 4,

w2

& BT gety 2 AFol M PARP, pMdm2,  AAEZF A549 B GAEo)M WA Ao HAFoH
Cox-2, p-Akt, p53 T Ak ofret YA Azet el apoptosisE fFEste GulA S &

oX,

2 fEdnE A2

nNEZCol AZE FA43e gl 1d AT E &l & 4 AT
7] #1383 Western blottingS 4 A 3% T}. Fig. 2Boll YERd 1l

ok Zol, AAES 55940, 60, 80 ng/mh)= A3t < o p53 Y Cox-2 MsHI7t A549 HH MZS| 40| OJX|
3 AR Az2F4 e #AqstE p-Akt, p-Mdm2, Cox-29} an- = g
ti-apoptotic &4l Bcl-2, Bcl-X;, pro caspase-39] #4E p533 Cox-27F A549 H St M9 F2 el plA & Y3 &

AT & AT & A FAAR] pd33 pro-apoptotic T A&7 $l8) p53, Cox-29 A A QI Pifithrin-a¢} Celecoxib
A9l Bax, Bak, Bim, 182 PARPS] £33} A<l ceaved- 83 AAE 95 52 B3 A & MIT assays &
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B AS549, AAE (pg/ml), 48 hr

N 40 60 80

PARP 116KDa
Cleaved-PARP 89 KDa
Mdm?2 90 KDa
p-Mdm?2 90KDa
Cox-2 74 KDa

Akt 60 KDa

p-Akt 60KDa

P53 53KDa

Pro caspase-3 36KDa
Bel-X, 30KDa

Bel-2 28KDa

Bak 25KDa

Bax 23KDa

Bim 23KDa

B-actin 45KDa

Fig. 2. Evaluation of the effect of AAE on the apoptosis through the mitochondrial signaling pathway. (A) Cells were treated with
the indicated concentrations of AAE for 48 hr. Cells stained with Muse'" Mitopotential Kit and analyzed by Muse'" Cell
Analyzer. Data shows four cell populations - Live, Depolarized/Live,Depolarized/Dead, and Dead cells. (B) Protein level
was measured by Western blotting. Cells were treated with 40-80 pg/ml of AAE for 48 hr. The {-actin probe served as

protein-loading control.

AEe] AE&T NEFH JAE &lstAt. Fig 3Ad U
el whe} o], Pifithrin-a 20 mM$} Celecoxib 100 mM,
AAE 60 ng/ml& 48A17F 53 &5 S WA e e o
AAE F4& s AT AAEE @502 AP S ol
© 9 58%, Pifithrin-a& =42 WS ol oF 96%, Pifi-
thrin-a$} AAEE WA AE A& W= & 68%, Celecoxib
402 HEP& o= oF 78%, Celecoxib® AAE ¥ 3 4

>
&

100

:
g 80 *
=)
E.a *%
°\= 60 - &&E *hE
E 40 -
=
g
Z 20
]
&}
0 1
None A P PA C CA
A3549, AAE (ng/ml), 48 hr

g A& ol s oF 58%9 HEES EYH Celecoxibs &5
S AAES BHPAY e o EE] =3

Pifithrin-aE A& HE&0] A} Ml A A GAEY
BEET Aol7t gl AL AT 32 E LDH re-
lease assayE 4 A 3FS1Th. Fig. 3Boll U Ebd ul9} 2o], AAE
4502 A PS o= oF 27%, Pifithrin-a®h AAES % 3
A S o= oF 34%, Celecoxibe BE50 2 XS uf

B
40 4 ks
% N.S.
£ Fekke
§ 30
Fk
k]
5 20 ok
2
[
-]
2
=10
=
=
—
0 - T T T T
None A P PA c CA
A549, AAE (pg/ml), 48 hr

Fig. 3. Effects of Pifithrin-a on p53-independent apoptosis. Co-treatment of Celecoxib and AAE inhibits cell proliferation. Pifithrin-a
did not affect apoptosis. (A) Cell proliferation rate was measured by MTT assay. Cells were pre-treated with 20 mM Pifithrin-
a or 100 mM Celecoxib for 30 min and co-treated with 60 pug/ml AAE 48 hr. The statistical analysis of the data was carried
out by use of a t-test. p<0.05, p<0.01, " p<0.001 compared to control (each experiment’s, n=3). (B) AAE increased the LDH
release in A549 lung cancer cells. The statistical analysis of the data was carried out by use of a t-test. "p<0.01, ~ p<0.001
compared to control. N.S;not significant (each experiment’s, n=3).
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