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Abstract

Cordyceps militaris is a medicinal fungus which has been used for patient suffering from cancer in Oriental
medicine. It was previously reported that C. militaris extracts are capable of inhibiting tumor growth and
inducing apoptosis; however, the anti-poliferative effects of human cancer cells have been poorly understood.
In this study, to elucidate the anti—cancer mechanisms of human cancer cells by treatment with aqueous extract
of C. militaris (AECM), we investigated the anti-proliferative effects of AECM in human hepatocarcinoma
Hep3B cells. AECM treatment inhibited the growth of Hep3B cells and induced the apoptotic cell death in
a concentration—-dependent manner such as formation of apoptotic bodies and increased populations of apop-
totic-sub G1 phase. The induction of apoptosis by AECM was connected with a proteolytic activation of cas—
pase-3 and caspase-8. and concomitant degradation of poly (ADP-ribose) polymerase (PARP) and B-catenin
proteins. Furthermore, caspase-3 inhibitor, z-DEVD-fmk, significantly inhibited AECM-induced apoptosis
demonstrating the important role of caspase-3 in the observed cytotoxic effect. Taken together, these findings
suggest that AECM-induced inhibition of human hepatocarcinoma cell proliferation is associated with the in-
duction of apoptotic cell death via activation of caspase-3 and C. militaris may have therapeutic potential
in human cancer.
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Table 1. Gene-specific primers for RT-PCR

Gene
name

Sequence

Sense 5'-ATG GAC GGG TCC GGG GAG-3'
Antisense 5'-TCA GCC CAT CTT CTT CCA-3’

Sense  5'-CAG CTG CAC CTG ACG-3'
Antisense 5'-ATG CAC CTA CCC AGC-3'

Bel-X Sense  5'-CGG GCA TTC AGT GAC CTG AC-3’
L Antisense 5-TCA GGA ACC AGC GGT TGA AG-3'

Bax

Bcel-2

SDS—polyacrylamide  gel M7 |g=s g
analysis

FHE A Eo A lysis buffer[250 mM NaCl, 25
mM Tris-HCI(pH 7.5), 5 mM EDTA pH 8.0, 19 NP-40,
0.1 M phenymethylsulfonyl fluoride; PMSF, 1 M 1,4-di—
thio-DL-threitol; DTT, protease inhibitor cocktaillZ 37}
] 4°Coll A 3087 ¥F-g-A171 3 13500 rpm 22 3053
AAEYste] 2 AS5dE Atk Fe5de dwld v
= Bio-Rad @9 3@ A% A< (Bio-Rad, Hercules, CA)<]
ALERlof weEl FEFo 7 wrE oS F 39 Laemmli sample
buffer(B-melcaptomethanol 5%, Laemmli sample buffer
95%, Bio-Rad)E 43°]A] sample2 TEUTE o]EA Tt
sample %S sodium dodesyl sulfate(SDS)-polyacryl-
amide gel 71952 Esiith. Eejd @ dS
3l acrylamide gelZ nitrocellulose membrane(Schleicher
and Schuell, Keene, NH, USA)2. 2 electroblotting®l] ]3]
HolAlZl & 10% skim milkE /3 PBS-T(0.1%
Tween 20 in PBS)ol|l o] oA 2A12F AE in-
cubationdle] B E-o]H ] @A S gt blockingS A Al
33 PBS-TZ 15% A& A Hsth AH £ 13 A&
sl g0l 1213 o] &= 4°Col A over nightAl
71 ok PBS-TE Al¥ 3t =& 12 Ao A 24}
FAE AHESIS A2 A 1A AT vESAI AT THA
PBS-T=Z A& 3}3L enhanced chemiluminoesence(ECL) &
M (Amersham Life Science Corp., Arlington Heights, IL)
= HEAZ v A 0117‘1 X-ray filmell ZH3AA 53
un;d,] 1< ok}J—O Bl BA O]_g‘:}\\;} -k /\l-@oﬂ /\]_%g_ 3}
A E-& Santa Cruz Biotechnology Inc.(Santa Cruz, CA)oll
A FYstRen, 221 A2 AFEE peroxidase-labeled

donkey anti-rabbit immunoglobulin ¥ peroxidase-labeled

Western  blot

sheep anti-mouse immunoglobulin Amersham Corp.®ll

A sk TA7).
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Fig. 1. Growth inhibition and apoptosis induction of human hepatocellular carcinoma Hep3B cells after treatment with aqueous
extract of C. militaris (AECM). (A) Hep3B cells were seeded and incubated for 24 hr. The cells were treated with variable concen—
trations of AECM for 48 hr. The growth inhibition was measured by the metabolic-dye-based MTT assay. Results represent the
mean=SD of triplicate determinations. The significance was determined by a Student’s ¢t—test (‘p<0.05 vs. untreated control). (B) After
48 hr incubation with various concentrations of AECM, cell morphology was visualized by a inverted microscopy. Magnification, x 200.
(C) The cells grown under the same conditions as (B) were stained with DAPI for 10 min and photographed with a fluorescent microscope
using a blue filter. Magnification, x400. (D) The cells were fixed and stained with CycleTEST PLUS DNA REAGENT kit, and analyzed
by a flow cytometer. The data shown are means of two independent experiments.
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Fig. 2. Effects of AECM treatment on the levels of Bcl-2
family members in human Hep3B cells. (A) After 48 hr in-
cubation with AECM, total RNAs were isolated and reverse-
transcribed. The resulting cDNAs were subjected to PCR with
the Bax, Bcl-2 and Bcl-xL primers and the reaction products
were subjected to electrophoresis in 1% agarose gel and vi-
sualized by EtBr staining. GAPDH was used as an internal
control. (B) The cells were lysed and then cellular proteins were
separated by SDS-polyacrylamide gels and transferred onto ni—
trocellulose membranes. The membranes were probed with the
anti-Bax, anti-Bcl-2 and anti-Bcel-xL antibodies. Proteins were
visualized using an ECL detection system. Actin was used as
an internal control.
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Fig. 3. Activation of caspases, and degradation of PARP and
B-catenin proteins by AECM treatment in human Hep3B
cells. (A) Hep3B cells were incubated with AECM for 48 hr and
lysed. Aliquots (150 pg proteins) were incubated with DEVD-
pNA, IETD-pNA and LEHD-pNA for caspase—-3, -8 and -9 ac—
tivity, respectively, at 37°C for 3 hr. The released fluorescent
products were measured. Data represent the mean of two in-
dependent experiments. (B) The cells grown under the same con-
ditions as (A) were collected and then lysed. The cellular proteins
were separated by SDS-polyacrylamide gels and transferred onto
nitrocellulose membranes. The membranes were probed with an—
ti-PARP and anti-B-catenin antibodies. Proteins were visualized
using ECL detection system. Actin was used as an internal control.
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Fig. 4. Inhibition of caspase-3 activity alleviates AECM-in—
duced apoptosis in human Hep3B cells. (A) Hep3B cells were
pretreated for 1 hr with or without z-DEVD-fmk (50 uM), and
then with AECM (1.0 mg/mL) for additional 48 hr. The cells were
stained with DAPI for 10 min and photographed with a fluo—
rescent microscope using a blue filter. Magnification, x400 (A).
Caspase-3 activity (B) and DNA contents (C) were determined
using MTT assay and a flow cytometer after 48 hr in the presence
of the caspase-3 inhibitor z-DEVD-fmk (50 uM) for 1 hr before
WECM (1.0 mg/mL) treatment. Data are expressed as mean=+SD
of three independent experiments. The significance was de-
termined by a Student’s ¢-test ("p<0.05 vs. untreated control).
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