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Induction of Apoptotic Cell Death by an Aqueous Extract of
Cordyceps militaris in A549 Human Lung Carcinoma Cells

Sang Hun Hong, Chul Woo Kam, Dong-ll Park*

Department of Oriental Medicine, Dongeui University

To investigate the anti-proliferative effects of an aqueous extract of Cordyceps militaris (AECM) on the growth of
human lung carcinoma cell line A549, we performed various biochemical experiments such as the effects of AECM on
the cell proliferation and viability, the morphological changes, the effects on expression of apoptosis and cell
growth-regulatory gene products. Results obtained are as follow; AECM treatment declined the cell viability and
proliferation of A549 cells in a concentration-dependent manner. The anti-proliferative effect by AECM treatment in
A549 cells was associated with morphological changes such as membrane shrinking and cell rounding up. Taken
together, these findings suggest that AECM-induced inhibition of human lung cancer cell proliferation is associated with
the induction of apoptotic cell death via regulation of several major growth regulatory gene products, and C. militaris
may have therapeutic potential in human lung cancer.
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Uslol ALESH A549 Q1R &AM Z (human lung carcinoma
cells)= American Type Culture Collection (Rockville, MD,
USA)jollA] @5 o} ALE3I oM, M2 ik $ioh 90%
9] RPMI-1640 viA}(Gibco BRL, Grand Island, NY, USA), 10%
9} FENo}a A (fetal bovine serum, FBS) 2! 1%L} penicillin X!
streptomycin (Biofluids, Rockville, MD, USA)7} & A A4l
R & AMBBIA 370C, 5% CO, A7 GlolA] wieFsIETHY. M29)
Aol W UL Jddg dlacky] st M 487
0.05% trypsin-ethylenediamine tetraacetic acid (EDTA, Gibco
BRL){: AElsld & BRAIY the dzugs siEgz] gAl
Z FA oiesia

Cordyceps militaris)= thA) &
H FFugkon 100 g2 1,000
14 2 3,000 rppmO 2 2027+ A4
HeAA ARES 781746}9112}. l:fz THA] 045 Q] A E
Ol&8I B diEg Aol & #8588 52 UZXsI Al
=Xl XWMEE 589 FFElaqueous extract of
Cordyceps militaris (AECM)[S] RZ|& Q8] AMZE 0.05%
trypsin-EDTAS 0|83l ATt HEe] HAIZHE BF
271 ke HES AEmerg SEE] ZAlol 6 x 10° A/m BT
T 250l 24417 B¢t QP AlZATE X EHE éégg Al
ol Melshzl 21 BE s dauile] Arlslo] ol o
&, 022 Q] pore sizeE 718 FANE HEIFUE AIETEALY
138 8% gy Ul g A8sl niidE % BaEe dejd o}
= Az JEMAE ZolFuEA 2y Aglciirt
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3. HematocytometerE O] &3¢t AlE WEEQ)
HZHHOEE 6 well plateo] A549 HQFA|E x 1070/ ml
BEE T8I 24417 S0t SR T %‘EE{E rE=
& HEsE AT & BTt 48413 F uiAlE FAH6H
L 0.05% trypsin-EDTA 05 m$ Q215 AZE B &
phosphate-buffered saline (PBS) 0.5 mf& 715l MEE 2 T}
&

ﬂ!!

|l

S ME 2FH 0.5% trypan blue (Gibco BRL)E SEIOE 4
o] 287t XeI5IAEt. Pasteur pippette?] Tl HLE 0] 83l
o M|ZZ hematocytometerol] &7 & QAL ¢lu|F g 0] &5}

of 2000H9] HlEE Halslo] FEMOE GUE HEE F2 M
AR FESHL glo] EA k2 HoRle AIZY &

St olol wh2 A= Sigma Plot 4.0 ZE T (SPSS Ins.)&
AIgBIl BAISICh

A Zup g 6 well plateoﬂ A549 HQNEE 2 x 1047H/m/z

FEE BFchL 2447 SO FEsIT thg RBEE FE

E’.ﬂl

2 hXof Sl M2let £ siekolirt. 48417 & wiAIE AASH
I 0.05% trypsin-EDTAE AE|sld AEE HFAZ & PBSE
7islo] MEE 22 THS 1,000 rpm 2 2 1087 A4 EEIE §1A
. 4592 HEll AED gl oS
(Sigma)i} PBSE 1: 9 H]gi 412 fixing solution& 500 ¢ &7}
4 20i4] 108 F¢ LFBINCE THAT 1,000
pme 2 587+ 2 ‘—E’-E]% SHiL AEN G BT T PBS 200 44

= 12 F, SElo|E2ekA Qo AZREFHE 80
WHEE "ol ol2 900 rpmollA] 527} cytospindiRrt
Cytospin0] £yt & PBSE 2~33] A& St PBS7} nl=7] Foll
02%9] Triton X-100 (Amresco, Solon, Ohio, USA)E HO{EP]
T 22004 1087} FQIC ThA] PBSE 2~33] MA511 PBSE
ARZEKA 2500 12 3AME  4,6-diamidino-2-phenylindole
(DAPL Sigma)E £EI0|1E ZoiA Yol Hugk gofg] o
4e Afdslal 1087 204 @4|zick. PBSE  DAPI
solutionS £83] AW E£F4Z e MAES S 100%
ethanolg O)|83ldl BaE e ARl &0l 2Tk fo
mounting solution AMZIE ¢ tlEg & dlnld (Carl Zeiss,
Germany)& o] &3l0] 400812] HIEE X#8EH FEE Al &
ol IE 30 HefHSIE THENS) TS AxioVision TE IS
olgslel ARlE st

formaldehyde solution

5. DNA flow cytometryol] 2Jgt AlZF7] 24

Z@EE 229 Azlo)] w2 apoptosis FLO HEES &
HHOT B3] A5 flow cytometry £ AUAISIFCE 0]
& ol g4 2 £BHEE 2EE0| FFE Al X HlE
EE PBSE FA| ¥ Mo, XM (70% ethyl alcohol, 0.5%
Tween™S H7ksld 4ColA LA F, 3ldloll B0l o7 A
groh= E&E220! DNA intercalating dye propidium iodide (P,
concentration, 50 gg/m¢; Sigma)@} 10 kunit®] RNase (Sigma)&
AMEIBKL 4To Al IAISCH BARBIATE OIS THA] PBSE F ¥
Aot %, nylon mesh® MEZE SN CRE 22jA17] & DNA
flow cytometry (Becton Dickinson, San Jose, CA, USA)ol| H&
AlA E@Z9gol W& histogramE ModiFit LT (Becton
Dickinson) ZZ 728 O & Choi'”¢] aho] £l 243519
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otuiAol 2#BEH FE2ES ME sLE 4ol M2l &,
trypan blueZ 283K hemocytometerE A0l M E9 4=
E AFdle] £&FEE FEE0| AelEA 42 AT vl us}
o Fig. 101 VIERHRITE olwl trypan blueo] lsi @Ao] HA|
22 HAZE Zolle MER hemocytometerE 0|83t Al
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Fig. 1o LIERA 1S} 2ol 48A17F S0 B4 s R4 Akt
Aol visle] XBEE FEE0| BRE XA E KBE
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Fig. 1. Effect of an agueous extract of Cordyceps militaris
(AECM) on the viability in A549 human lung carcinoma cells. Celis
vere seeced as described in materials and methods, and the viable cells were counted
after 48 h AECM trea'ment. Data are means +/- SD of three separate experments.

2. £BFE ZEE0] 9$} apoptosis T
ZEEE FE2E9 AHzlo) S Az YEE T
St B4 Azl o] apoptosis T o] USA
o171 9151 DAPI stainingS 4A|51 #2] FENE ZARBINA
OlE Qi Agdlol M&st A Zol U W XBEE &
E20] 3143 viXlofA] A1t A549 H LM EE O E 34t
BolHor Atk HAEZQ DAPI galg Edld #9] &
S GBS RARBIYCE Fig. 20ff LIERY B9l Zo] KE
FEEO] MElHA k2 "4 wiXlolA A Ml zolx] 89
Helrt R ZA0E gao] FUOL £BEE FEE0]
Mg x4 s Gz 42, HME SF(chromatin
condensation)oll Q|g} apoptosis7} Yot Aol MEFH R
BEE = apoptotic body7t £BEE FEE A2l 5L YI&EF
og AU
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Jgjoll 98t apoptosis FUS Hx
e | lod EnjE MEZES UCE PI Y
BAHE 0] 85l S HAUB F flow cytometryE 0] E5I
W} DNA S Bl 2431930 Fig. 3ol LiEht Hieh Zo]
BEE 2529 57} Z7E 42 apoptosis7} ol A Z9)
B %ol sk sub-Glrlol &35l= Al29 Bikrt S71E s ¢
o ARt EJ| 4.0 mg/ml AElFollAE & 11% olao] MES
o] apoptosisofl 915l AFEEAES ¥ & U
Z 0]= nucleosome®] linker DNA F29| ZHtio] 9t
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Fig. 2. Induction of apoptotic bodies in AECM-treated A549
human lung carcinoma cells. Cells were treated with AECM for 48 h, and
fixed and then stained with DAPL. After 10 m:n incubation at room temperature, the cells
were washed with PBS and nuclear morphology was photographed with a fluorescence
microscope using blue filter. Magnification, X400,
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Fig. 3. Increase of the sub-G1 cells of the cell cycle in
AECM-treated A549 human lung carcinoma cells. Cels were treated
with AECM for indicated zoncentrations for 48 h. Cells were then fixed and stained with
Pl. Apoptotic sub-G1 cells were determined by a DNA flow cytometry. Data are means
average of two separate 2xperiments.
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JBlol BT EkEERo] RIE T RV RIBSIo] BKO) B
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#ol SR Ak
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O FAF o] Ui CRIAES adlo] St LES B &
MR ARO] Tho] ARG S MBI, IAES] RAMKY &
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BRE KES 231 Jrin wEH ok

B AT ##8EEY A S48 Ak Y6
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o] Ol¢h apoptosis7t Yojyt AZollA] HEFHOZE AT =
apoptotic body2| £7} Hate BEE 4 AR, & oj=
nucleaseo] 2]3}F nucleosome®] linker DNA HEQ| Atto)] 9|5}
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8} flow cytometry 2410l 2l Aol AT apoptosisZ} Tt
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