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Anti-proliferative Effects by Aqueous Extract of Cordyceps Militaris
in Human Leukemic U937 Cells

Sang Hoon Hong*, Dong Il Park, Sang Ho Seo, Yung Hyun Choi’

Department of Internal Medicine,
1! Department of Biochemistry, College of Oriental Medicine, Dongeui University - Biomedical Research Center of Oriental Medicine

Cordyceps militaris is a medicinal fungus, which has been used for patient suffering from cancer in Oriental
medicine. It was reported previously that C. militaris extracts are capable of inhibiting tumor growth, however, the
anti-poliferative effects of human cancer cells have not been poorly understood. In this study, to elucidate the growth
inhibitory mechanisms of human cancer cells by treatment of agueous extract of C. militaris (AECM) we investigated
the anti-proliferative effects of AECM in human leukemia U937 cell line. AECM treatment inhibited the growth of U937
cells and induced the apoptotic cell death in a concentration-dependent manner, which was associated with
morphological changes. We observed the up-regulation of cyclin-dependent kinase (Cdk) inhibitor p21(WAF1/CIP1) by
p53-independent manner and activation of caspase-3 in AECM-treated U937 cells, however, the activity of caspase-9
was remained unchanged. Additionally, AECM treatment caused a dose-dependent inhibition of the expression of
telomere regulatory gene products such as human telomere reverse transcriptase (hTERT) and telomerase-associated
protein-1 (TEP-1). Taken together, these findings suggest that AECM-induced inhibition of human leukemic cell
proliferation is associated with the induction of apoptotic cell death via modulation of several major growth regulatory
gene products, and C. militaris may have therapeutic potential in human lung cancer.
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EXBICHE Aol YEAA HATY. ol MEFY) £F AXS}
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1. QHl Zun et

Aslo] Algst U937 whedd Al E(human leukemic cells)s=
American Type Culture Collection (Rockville, MD, USA)ol| 4]
25 Hob AEsinem, dMES wigks st 90%Y
RPMI-1640 vl K(Gibco BRL, Grand Island, NY, USA), 10%£)
SPENOIE A (fetal bovine serum, FBS) X 1%%] penicillin 2
streptomycin (Biofluids, Rockville, MD, USA)7} 28HE uiX| &
ARE8l 37°C, 5% CO. 27 dlollA] Biekslsict.

I2E S&6LE(C. militaris)= i AiEkn §19)
4 SR Qlo Al ZEhEron 100 g€ 1,000 mio) &

Faeoll 3417 o]dk Zel F, 3,000 rpm 2 F 2027} 4] B4
A ARES WAHBIICE 0158 L] 045 mS ATAE 0838}
o BF J2g Zold = #8428 82 UXol ARSI
th ZElaqueous extract of C. militaris
(AECM)].—I ANEE floled A sEE miXo) Frisle =0l

S, 022 9] pore sizeE 718 FATIE HHFUE AIETEA
Lt 191% = 4B 7S Al ridE 2 EeES Foid

THE, AlZ9 JEhilA]E Zobrda A Melsidict

3. MTT assayE ©| 83} AT ZAE9 &F
AL HIQLE 6 well plated] U937 MEZE 3 X 10°7]/mle] 7§
22 well @ 2 m¥ BFEF1 24417 20 otERIZI TiE B
Bol: FEEE H}Woﬂ Y L2 HET F 48A17HS0 i
QABIRTE 48417 & HRAIE M AHSHIL tetrazolium bromide salt
MTT, Amresco, Solon, Chio, USA)E 0.5 mg/ml 557} TA
iAo 3481 2 mI¥ A2l &, 3A|7FEQ CO;, incubatoroi) A
H3A1ZL g MIT  Aleke A%ebAl AASHL
dimethylsulfoxide (DMSC))E 1 mi¥ X2|skd wellol] 4%
formazan2 7% =01 & 96 wello]] 200 x4 &HA ELISA
reader (Molecular Devices, Sunnyvale, CA, USA)Z 540 nmoj}
A EBLE SH0INTE 3HY FEUE B BEFE A2
Microsoft EXCEL programs o] &3i] 243Iirt

—

4. DNA flow cytometryol] 9|3} Al EFE7] 24

SESIE FEEY Aelol WE MzF7 H 2258 T
Hog B4l sk flow cytometry 2418 AAIGIGTE 0]
S 95ld Y B &R £&20] g a0l ARt A
XEE PBSE FA ¥ Aojual, IFHN (70% ethyl alcohol,
0.5% Tween 20)2 E7I5ld 4TolA LHAIZ &, #likol B0
Koz Aol FEE29Q]! DNA intercalating dye propidium
iodide (P, concentration, 50 ug/m¢; Sigma)@} 10 kunit®} RNase
(Sigma)E AZISHL 4THA] 1AIZHSQH HAHGIHTE O1& THA|
PBSE % H Mol &, nylon meshE M EE IR OE 2E]
AlZ1 & DNA flow cytometry (Becton Dickinson, San Jose, CA,
USA)oll HgA17 YBut3ol wl2 histogram& ModiFit LT
{Becton Dickinson) ZE IO Z BAGIC]

ml

H;

5. SDS-polyacrylamide gel 21718 & 2 Western blot analysis

A YR SHER] FAlol 6 x 10°71/m BEZ UB7 HIE
250l 24417 B¢ AESAT the EF0E FEES
EISIATt. 48AIMA] wieket &, AIZZE PBSE Aof Wil o
AU EEIE ol MES ATt oA Roldl Aol Ay
9] lysis buffer [250 mM NaCl, 25 mM Tris-HCl (pH 7.5), 5
mM EDTA pH 80, 1% NP-40, 0.1 M phenymethylsulfonyl
fluoride ; PMSF, 1 M 1,4-dithio-DL-threitol ;
inhibitor cocktail]lZ H718l] 4TolAl 3087 HIEA)17] &,
13,500 rpm 2 E 3087 AXUBEIGld 1L SRS F3Ict 4
Zolo] w7 ST BioRad ThIZ HY A9 (Bio-Rad,

DTT, protease
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Hercules, CA, USA)9] AtEgiofl ol HEFO R Ui Uis &
2] Laemmii sample buffer (B-melcaptomethanol 5%, Laemmli
sample buffer 95%, Bio-Rad)E 410]4] sampleg HESICE o1&
A TR sHe (SDS)
polyacrylamide ge! H71G@E2E FEI5I9LE

LA ZELS 2ale 9181 Western biot analysisE 9151 &

o
etk

sample sodium dodesyl sulfate

2%

membrane (Schleicher and Schuell, Keene, NH, USA)S.F
electroblottingol] OJal FojAlZl &, 10% skim milkE

acrylamide gel& nitrocellulose

s
=

P}

fe12
PBS-T (0.1% Tween 20 in PBS)oll B0 212041 2417 HE
incubationdtd H1E0X Q! Tl IS0l that blockingE 4AlS
I PBS-TE 152(GEI 3H4) i AAsIArt A& & 1% ¢
A(PBS-Toll 1:500 L= 1:10000.2 8|43l AFR)E MElskd &
2041 1AIRF o]} B 4TollA] over nightAl7) th& PBS-TE
A58 18, 5871 5ehshl AEiE 1= Aol &g 27}

o
TT
A
(=]

=

|

O H 9RSAIZATE TR PBS-TE AE(10827F 3 3 5870
3H)3}2L enhanced chemiluminoesence (ECL) €% (Amersham
Life Science Corp., Arlington Heights, IL, USA)E A &A4}7] T}
£ YiollA] Xeray filmo]l ZhHEAIAH SHTAZ] e
vl 2439t 2 dgd A18F =
Biotechnology Inc. (Santa Cruz, CA, USA) % Calbiochem
(Cambridge, MA, USA)ollA] T-Ri5lo) oM, 22t SHAE ALSE

=4}

2
S
il

S|
=13
=

SIAES Santa Cruz

peroxidase-labeled donkey anti-rabbit immunoglobulin

=
immunoglobulins

peroxidase-labeled anti-mouse

Amersham Corp.oliA] TA51%3ch

sheep

6. Reverse transcription-polymerase chain reaction 24

EUSH Ao wiRE UBTMEZS ti4SF RNAzol
B(TEL-TEST, Inc., Texas, USA)E 083} total RNAE 22|35}
Qrt. B2 RNAS st &, Choi et a9 2ol Faiod
01838k 2 g
9] RNAOIA] ss cDNAE B5I93CE 0] cDNAE template= A}
g5l B2 th4t FAXE polymerase chain reaction (PCR) 2}
MO R SE519rH(Table 1).

oligo dT primer®} AMV reverse transcriptases

Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
083 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
01 Sence 5-CTC-AGA-GGA-GGC-GCC-ATGY
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
hTERT Sence 5-AGC-CAG-TCT-CAC-CTT-CAA-CC-3
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
NTEP-17 Sence 5-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-3
‘ Antisence 5-COC-COA-GTG-AAT-CTT-TCT-ACG-C-3'
A Sence 5-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AGS
‘ Antisence  5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3
e Sence 5-AAG-ACT-CCA-GCG-CCT-TCT-CTG-3
¥ Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3'
GAPDL Serice 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
. Antisence 5-AGC-CTT-CTC-CAT-GGT-GG1-GAA-GAC-3

Ttelomerase reverse transcriptase.  2telomerase-associated  profein, Jtelomeric repeat
wnding factor, Aglveeraidehyde 3 phosphate debydrogenase

oluf  housekeeping HFAI]
dehydrogenase (GAPDH)E internal controlZ AMESIUE 2t
PCR {F2EE 1% agarose gel& 018510 H71HSTHL ethidium
bromide (EtBr, Sigma)iZ QARG & UV 3lollA] 20183

=V

glyceraldehyde-3-phosphate

7. In vitro caspase-3 2! caspase-99| activity £

Caspase-32} caspase-99] in vitro &4 Zdg 2
colorimetric assay kitst>= CLONTECH Lab. (Palo Alto, CA,
USA) % R&D Systems (Minneapolis, MN, USA)ollA] 2}Z} 7€
siem, FAlE o] £l g9 S d2E ZARBIN
th olE Q5 Hil ¥ E&581E £EE0] HEIB iAol 48
AlZE BioRE MEE 22 5 oldlg REsial gyble] 44
20 ugS) THMZEE fluorogenic peptide 7]& 100 pMo] ¥l
extraction buffer [40 mM HEPES (pH 7.4), 20% glycerol (v/v),
1 mM EDTA, 0.2% NP-40 and 10 mM DL-dithiothreitol] 50 uf
ol £86191 0™, microtiter plateo]] T}HA| extraction bufferol &]
A5l0] 2} sample & & volumeo] 100 w7} A AT 4&
ol AIE® 7|14e caspase-39] AHPol= Asp-Glu-Val-Asp
(DEVD)-p-nitroaniline (pNA)O|9A S, caspase-99] oA+
Leu-Glu-His-Asp (LEHD)-pNASC}. F£H]1E plateE 37TolA] 2
AlZFEQE incubation A7)
readerE ©]235kd 405 nmo}

EFsIrt

0l

% VERSAmax tunable microplate

FELEE 0183l v8d §EE

U937 Mg AF AIRY < BA7 B iAo &
E51% 2222 HF 552 945K Ml £, MIT assayS
A5k Fig. 101 LIEERHRICH
0.6
0.5
E 04
g o3
S oz,
0.1
0.0 J b S Ll
0 01 02 03 04 D5
AECM (mg/mi)
Fig. 1. Anti-proliferative effect of an aqueous extract of

Cordyceps militaris (AECM) on the growth in U937 human
leukemic cells. Cells were seeded as described in materials and metrods, and
lreated with various concenfrations of AECM. After 48 b incubation with AECM, M7°
assay was performed. Results are means +/- SD of three separate experiments,

Fig. 1ol LIERH HIS} 2r0] 48A17F F0F F&t uhiRlola] x)gt
U937 Al zof nigle] E&dlE FEE0] 2GE MAdd: 55
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SHE FEEQ Ut S5 AEHMOZ M2 SAlo] U445 E

= & 4 UL F 01 mg/ml Ml B gfE ol o

17% ol&k HZEE40] JHEA LM, 0,3 mg/ml He|FollA=

O 55% R MESA dMSAS BEE 4 ot I8l
5 mg/ml Mz Zojl A=

0. £ AES0] 5% R QM7 HA
4 é—q ;W EoES 2

2 2 £ QUQUCE 2L BY ZH0A
OlAl ®IQHAM S Ao} vluel = uf,
1 50% HE ZAoA 52 Vel §&512 £
7‘%4 T ek 20 mg/m HrBoem, 50 mgml XElrtol Al
oF 80% HILO ZSAIYAH EAHE LIER Aol vl U937 A
ZollMe Askoli je AHst Z40H 1S UERICH
s BEGHE £2EE0) GME ZA9M Fso0] Hok zol
A} Hrh HEy AlEoli] Kot ZEEe ¢ 4 %k

r

SEOIR FEE0] U937 A29) Selol o
E&IE 43%%4 Aeldl g 471
ZARBIATE 0|8 FIok] &SR
g 24 sTHEE A 16}01 BAIZE U wigS = 9
S EBIATE Fig. 2004 LERS HISE Z0] 55
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Fig. 2. Morphological changes of U937 human leukemic cells following

incubation with AECM. Exponentially growing cells were incubated with AECV
for 48 h. Ceit morphology was visualized by light microscopy. Magnification, X200.

3. MEF71Y Bio niXle S50z &89 E¢
thE2 550kE FE2529] Melo] o Ey A 29 &4
A 7E AEFT7] BF A9 mEt ddu dadol Al
ARE ZAlBICE 01F figlad BF5IE F&E0] g7¥ Al
ol 4] 48417k S0 i E MEE L2 F DNA flow cytometry
2418 YA)EI9em, 1 ATke Fig 3 W Table 20 LIERA H}
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b 2ot A" ddofdd & 4 lRo] b wiAolA R
U937 MEQ] A2 G177} AA Q] ¢ 51.61%Z RABHL UYL
w, S7)9} G2/M7joll &3k A7) 22t 2821% H 20.18% &
TRrt 21T 02 mg/mlQl BEESE REE ELolA 4827}
HRQEE M ZEO) AL G17171 57.39% 2 tha E71Een, 7191
G2/M710f d3h= MAEY T F 23.15% W 1946% 2 M)A
OF of7) ZAECh IEh) 04 mg/mi L 05 mg/ml K|
9] B 4 gix|ofA] niekE KﬂitQ} A 438 Ho 58

% F&B0) 93 U7 MO FAH BYL HEF7 W)
of & @akg nxl= A A Q9ich 2Lk apoptosis i
ke

Jolghe sub-Glol| 38} H]:t%J ST e A4 iRl ollA
B AIZY B2 oF 2% njolYloL), 8051 E FEE A
S5 =0l 4+E Z7izElo] 03 mg/ml el e oF
2%E, 0.5 mg/ml Hz]TolAl= oF 14.9%2 Uehfo] 536}
éir%%/l Aeloll Qg U937 A o] A A= apoptosis
= ol HE AEE0! dfdo] A2E ¢ 4 UEL

. o

ne B 32 E Z mo M1 ok
S
ﬁ

x_

AECM {(mg/mi)
[} 0.1 0.2 03 0.4 05

NO of cells

DNA content

Fig. 3. DNA-fluorescence histogram after AECM treatment in
U937 cells. Exponentially growing cells were incubated with various concentrations
of AECM for 48 h. Cells were trpysinized and pellets were collected. The cells were fixed
and digested with RNase, and then cellular DNA was stained with Pl DNA flow
cytometric cell cycle analysis was performed comparing unireated controls with cells
treated with WEAB.

Table 2. Fractions of each cell cycle phase of human leukemic
U937 cells cultured in the presence or absence of various
concentrations of AECM, each phase was analysised by DNA flow
cytometry after 48 h treatment with AECM.

AECM % of cell

{mg/mi) G S G2IM
0 5161 2821 20.18
0.1 4747 2923 2360
02 5739 23.15 1946
03 4881 2887 2032
04 4744 3156 2000
05 50.90 24.85 24,05

4l Cdk inhibitor p219] glgloll 1)x]+&=

Cyclm dependent kinase (Cdk) inhibitor= cyclin/Cdk
compler} ghelal 1 84 E Orgks ALE YeA Asd
E5| CIP/KIP 2ol 8k p212 £ A STAI] ps3ol
Olo}oi gasiE]o] MES HUPEQ BAS ARG 4 Y A
OF U A Qo Mo £F W A9 2ol wzt p53
HIQZER0l AEE S5l @45k S5 Qo meid 2 d
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Aloiall Grbvt olg 5 wEAke] Wt dikgol 9
RT-PCR % Western blot analysisZ
Zalol] & 5 QO] PRI BES
HIE TEEA RRUAQLE p21E He
Char S7HEACE 58] p53ol olikal
D +EY WHE BEEL 2l

)3 p219) W E7k= p53

HOE W2zl A, S&ql
g M2 FAlAol p2lo]
Z85|0] T,

=g
Eolul ZABISACE Fig. 49]
bR 2EE9 Azl mE
| ol A wksol Bl
] phopho-p532] tHul
EEGE 282 Azl
HEE Edl] 2R
Helofl Qg U937 i

BAY £ US RO

R
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o
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L B U9
7= 7
rEE
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=
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rﬂJ e o

AECM (mg/mi)
|
0 0102030405

AECM (mg/mi)
| ——
0 040203 04 05
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«— GAPDH » g
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Fig. 4. Induction of Cdk inhibitor p21 expression by AECM
treatment in U937 cells. (A) Cells were ncubated with AECM for 48 h and total
RNAs were isolated and RT-PCR analyses were performed using pb3 and p2l primers
described In materials and methods. GAPDH was used as a house-keeping control
gene. (B) After 48 h incubation with AECM, cells were lysed and cellular proteins were
separated by 8 or 12% SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with indicated antibodies. Profeins were
visualized using ECL detection system. Actin was used as a loading control,

5. Caspase-3 W caspase-99] W&l &dlo] nlAlE S&slx &
&89 gF
MZS] W19 XI=oll 98 apoptosis7t YolLFH AE
9] &4loll 5339 dgrE 8l poly (ADP-rlbose) polymerase i
EY oigse Ea7h $ulmoiRed™?, o=
apoptosis BF8 & caspasetb H40 4ol Yal viERL = &
Holth. WE SESKE F589 Aelol 9%} apoptosis Fat
ol . Ol21¢t caspaseQ] E3} FAEO] PR UeAS o
& ZAROISACY. Caspaser M| EQ] apoptosis kol S84]Z0]
Stz ol QIALEA MEZEUS] 313} mitochondriall Q9o
HS JENE EXBICE7Y apoptosisE R Edke Ab=toll gole] &
g 5 Aok o SQBH A0 kR U937
EZES AOFE caspase-3 L caspase-92| THHA wisiol wlA]
Hakg ZARSH A= Fig. 5ol LERA Biel Pl Fig. 50 24
oAl o] F5=0] caspase-39) caspase-99) THYNZE! BiH S A}
HiAolA BHE M 2L} BESIE SEZ0] R wiXlolA] Bl
o Mz ZRolAl foE0l & Wyt BEE A it 18
E43519] MEE in vitro caspase activity
assayE Edlo] AEdlE 2T caspase-92 & H3} GAS
L}, caspase-39] AL 0.3 mg/mi Ag|TollAl ¢ 1.988 Z71314
05 mg/ml AglLolAE ok 27 FEE E E7iEo &
FEE0] Al uhE %

glg ¢ 4 UCh olEe] pro-apoptotic Bax
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rlr Ho0x ek R 4[1
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Lt = &5 caspased] £

apoptosis Fetoll caspase-37}

memberol £3H= Bad®l WS Lk Agidtold v &7
=Lt ol S&ESIE FEB 738 ol 9|3} apoptosis T LOl
Bel-2 member®] ©131 7340 u}E Bax memberQ] AHEC] wk
8 Z7loll 7ol ABATY o BT Aol Ue 2
ek g 5 JACE 9PAE caspase-3 €4 HIE R EY
apoptosis7} dofit Al ZoflA] HEE] = B-catenin T’/}H_H 210 T
3 e B AE oA #3EE 5

AECM (mg/ml)

| 1
0 01 02 03 04 05

-+— Caspase-3
: Relative activity

-+— Caspase-9

Fig. 5. Effects of AECM treatment on the protein levels of
caspase-3 and caspase-9, and activites of caspase-3 and
caspase-9 in U937 cells. Cells were incubated with AECM for 48 h, lysed and
oellular proteins were separated by SDS-polyacrylamide gels and transferred onlo
nitrocellulose membranes. The membranes were probed with the indicated antibodies.
Proteins were visualized using ECL detection system. Additionally, cells were lysed and
then aliquots (20 ng protein} were incubated with DEVD-pNA and LEHD-pNA for
caspase-3 and caspase-9 activity, respectively, at 37°C for 1 h. The released {luorescent
products were measured. Data represent the mean of two independent experiments,
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6. Telomere REQIXEY) vldio] nix)= BE&565LE ZEE9)
E ZSAES] W gite] EMske 7t

3 DNA E3OZA] Q1710 A0l (TTAGGGNY ¢7|ME
O] A vEEE F2E 7 Yew B)Z4HE0] DNA AlE
g AAshd GaR7} dute g BAEE Ag §1, mitotic
dockQZAG 715&€ & Rolgks AKlo| Haldl uel £
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Fig. 6. Effects of AECM treatment on the levels of telomere
regulatory genes in U937 human leukemic cells. Cells were treated with
various concentrations of AECM. After 48 h incubation, total RNAs were isolated and
RT-PCR analyses were performed using indicated primers. GAPDH was used as a
house-keeping control gene.
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