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Cordycepin, a derivative of the nucleoside adenosine, is one of the active components extracted from
fungi of genus Cordyceps, and has been shown to have many pharmacological activities. In this study,
we investigated the effects of cordycepin on proliferation and apoptosis of human gastric cancer AGS
cells, and its possible mechanism of action. Treatment of cordycepin resulted in significant decrease
in cell viability of AGS cells in a concentration-dependent manner. A concentration-dependent apop-
totic cell death was also measured by agarose gel electrophoresis and flow cytometery analysis.
Molecular mechanistic studies of apoptosis unraveled cordycepin treatment resulted in an enhanced
expression of tumor necrosis factor-related apoptosis-inducing ligand, death receptor 5 and Fas ligand.
Furthermore, up-regulation of pro-apoptotic Bax, and down-regulation of anti-apoptotic Bcl-2 and
Bcl-xL expression were also observed in cordycepin-treated AGS cells. These were followed by activa-
tion of caspases (caspase-9, -8 and -3), subsequently leading to poly (ADP-ribose) polymerase cleavage.
Taken together, these findings indicate that cordycepin induces apoptosis in AGS cells through regu-
lation of multiple apoptotic pathways, including death receptor and mitochondria. Although further
mechanical studies are needed, our results revealed that cordycepin can be regarded as a new effec-
tive and chemopreventive compound for human gastric cancer treatment.
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Cordycepin (3'-deoxyadenosine)e & & %28t 4] 9l
Aoz 5o 34, WE7IRAY, AEd 4, @29, 1d
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$ & adenosine analogue®]tH[6, 27]. Cordycepin® &&-2
1970, polyadenylation A &37} dH A WA thg A
T7F &l Ao} 28] B A2 T 53] cor-
dycepin®] 79 &S ojn] g Bt glof $to

ol MY TFH F5ol &3t apoptosis =9 vl
A3 AAE 7hRG2, 31, 32]. YHHE O 2 apoptosis7h 5
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trinsic pathway® A ==, F A ZA caspase™
initiator caspases (caspase-8, -9 % -10)9} effector caspases
(caspase-3, -6 & -7)2 FEHT. & initiator caspases?] &4
S}oll ©J3) effector caspases’} 4P O E A=+ caspase
cascade 2E AXA At} E3| initiator caspases % A
caspase-83} 9% apoptosis®] F8 F 7HA] A 22 extrinsic
% intrinsic pathway?] WA & ¢e] = #oste x4 <l
caspase®| TH[11, 19]. &4 318 effector caspasest= DNA re-
pairell #4438} poly (ADP-ribose)-polymerase (PARP)E %
3 S E4 Y caspase®] 712 @A Ads 2y
TFH 02 apoptosisE FTAATTH, 9]

Caspased] &4 F5¢ 38 GAEZAAY cordycepin
o &3 apoptosis fr=w oW ¥ A ZoA Sl vt
AT ©] & 3 caspase A+ calcium-calpain system 74 &
7} #3171 = 89 ([3], caspased] B4 o] &4 4kAF(reactive
oxygen species) 9] E4 0.2 dojur| & @ri[16, 20]. Cordy-
cepin®ll 93 apoptosis F %= A= MEF7] w5
HhE) 71 & she, GAl 2 F ol et S7] arrest [33] T
G17] arrest 2115 fL3l7]= st GA Lo w2 Ao] & B
of F ATh24, 25]. =3 FHEAME A= estrogen re-
ceptor H|&]&H 0. & apoptosisg =33 2 H[21], apopto-
sis =0l autophagy”t #o13t7] = s}AI ¥t o] 23 autoph-
agy® Euto] ALY S5l #Ad AR HEel #HAT
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phosphoinositide 3-kinase (PI3K)/Akt Al 57 o] &2 02 te-
lomerase E4 JA[13] & YA Z 2 Ho] At F3H[14, 15]
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H & 7oA AFEA $e T cordycepin® FY4S
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ojth, £ Aol A= cordycepin®] #9HE/d 7} apoptosis Al &
Ao ggo 3t 7120 ABE A7) Ysto] A YAl
ZE 422 cordycepinel & MEZFA Ao wWE
apoptosis = #d ¥ FHAES] Td HSE 2
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2 A7 A48 cordycepin (MW, 251.2; product no.
(3394)2 Sigma-Aldrich Chemical Co. (St. Louis, MO, USA)
A T8t 2™ dimethyl sulfoxide (DMSO, Sigma-Aldrich
Chemical Co.)oll =¢ & A4 == wjA o 343t A
ATk AGS A UM EE American Type Culture
Collection (Manassas, VA, USA)oll Al T3+ 2.1, 10% fe-
tal bovine serum, penicillin ¥ streptomycin 5°] %%
RPMI 1640 ] #] (Gibco-BRL, Grand Island, NY, USA)E o] &
8to] 37°C, 5% CO, 2 atol A ufjefat Gl Tt Cordycepin ] 2]
of W& AGS Ml Zo A&l mA= G&FS Hlasty] 9sko
A )% 6 well plated] 3X107)/mlE A ZE B33l w
A4 F59 cordyceping HI A ol A 2leqitt. 24413t 3 A
£ AABL tetrazolium bromide salt (MTT, Ameresco,
Solon, Ohio, USA)E 0.5 mg/ml FE& 3|45t 37°Col| A
3AIZE ok Astgltt. vhgo] B H MIT A% Al Asta
DMSOE A4% formazanes EF %¢ ¥ ELISA reader
(Molecular Devices, Sunnyvale, CA, USA)Z 540 nmol A &
FEE SAsH T Cordycepin A g0l &g AGS ME9| &
g Hst AE=E AHEY] 934 cordyceping HH FEE
B4 Agfsto] wiek 2443 A3 F =1 Fr 7 (inverted mi-
croscope, Carl Zeiss, Germany)< ©]-&3to] 2008 ©] Wi &=
A AT

Agarose gel M7|FS0 o5t DNA EHHE 24

Apoptosis 29| A A FAQ DNA ©Hs}t A4
24& 95t HA 2 cordycepin®] 2447 A H A EZES
B2 T lysis buffer [5 mM Tris-HCl (pH 7.5), 5 mM ethyl-
enediaminetetraacetic acid (EDTA), 0.5% Triton X-100]& 3
yate] 2ol A 3087t lysis A7 T 14,000 rpm, 4°Coll A

o

2083 A Ee skl AAZZE AAL 4S5 750 uE I
STk 35 4549 proteinase K solution (Sigma-Aldrich

Chemical Co.)& 05 mg/ml®] F=E A g|ste] 50°Col A 34
AR s ‘ﬂ%/\]ﬂ 750 ul9] phenol : chloroform : isoamyl
alcohol &3 89 (25 : 24 : 1, Sigma-Aldrich Chemical Co.)&
A7h8 7 3087 34 TAZ] T2 14000 rpmol A 1087
A EEstlT 4714 dojzl 45 600 uloll 300 ul2] iso-
propanol (Sigma-Aldrich Chemical Co.)#} 100 pl¢| 5 M NaCl
£ A7bsto 4°Coll A 24 7E 9t §HEAIZ1 3, 14,000 rpm,
4Tl A 3087 dAEAA F5HE A AL DNA pellet
& 22399, DNA pellet°ﬂ RNase A7} A9 Eol9&
buffer& ©] 83t 52 ¥, 6X gel loading dye (Bioneer,
Daejeon, Korea)E &35t th. DNA pellet& 1.5% agarose
gel& o] &3] 1A 52 50 VE H7]8E A2 $ ethidium
bromide (EtBr, Sigma-Aldrich Chemical Co.)E %443}
DNA ©#3 = o5& sttt

Flow cytometry 40l 2|8t apoptosis 72| Hats}

AGS M 29 A cordycepin®] 3= apoptosis =& 4
FH oz F4317] 9Jsta] A4 5l cordycepino] ¥E HjAl
ol Al 24N Fe WgE AZES B T 2,000 rpmo 2
583 dAZeste] 459E AAY F phosphate-buffered
saline (PBS)E o] &3te] 2~33] A& Al H3tAch FHlE Ax
+ CycleTEST PLUS DNA REAGENT Kit (Becton Dickinson,
San Jose, CA, USA)E ©| 83t 14 4 0“"3}04 4°C, A
A 308 Fek W AZ T WA A EE 35-mm meshE
o] g3t UM EE L] & FACSCalibur (Becton Dickin-
son)E A 8AA gFH-5o] 2 Cellular DNA content %
histogram< CellQuest software ¥ ModiFit LT (Becton
Dickinson) Z21#-& o] &35}o] £A35 9t}

Reverse transcription-polymerase chain reaction
(RT-PCR)OIl 28t mRNA & 24

YT 2AA g AGS AMEE TRIzol reagent
(Invitrogen Co., Carlsbad, CA, USA)E ©]§3}%] RNAE #
2a3lth. L2818 RNAS A& F, 479 primer (Table
1), DEPC water 183 ONE-STEP RT-PCR PreMix Kit
(Intron, Seoul, Korea)E 41 Mastercycler gradient (Eppen-
dorf, Hamburg, Germany)E ©| &3t %33t} 2+ PCR
AEE] FA AolE FUst7] A3k 1X TAE buffer= 15%
agarose gele TS well § 2+2+9] primere] 3 9-5t= PCR
AFE o DNA gel loading solutiong 414 loading ¥ ¥
50 Vel A7195& At 4719522 DNA &7}
B gel EBrz HAE $ UV sholl A #2319 21, glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH)E in-
ternal control2 A}-&-3} % T,
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Table 1. Sequences of the primer pairs employed in the RT-PCR reactions

Gene name Sequence
GAPDH Sense 5-CGG AGT CAA CGG ATT TGG TCG TAT-3
Antisense 5-AGC CIT CTC CAT GGT GGT GAA GAC-¥
TRAIL Sense 5-ATG GCT ATG ATG GAG TCC AG-3
Antisense 5-TTG TCC TGC ATC TGC TTC AGC-3
DRA Sense 5-CAG AAC GTC CTG GAG CCT GTA AC-¥
Antisense 5-ATG TCC ATT GCC TGA TTC TIT GTIG-3
DR5 Sense 5-GGG AAG AAG ATT CTC CTG AGA TGT G-¥
Antisense 5-ACA TTG TCC TCA GCC CCA GGT CG-3'
F Sense 5-TCT AAC TTG GGG TGG CIT TGT CIT C-%
a Antisense 5-GTG TCA TAC GCT TTC TIT CCA T-3
FasL Sense 5-GGA TTG GGC CTG GGG ATG TIT CA-¥
a Antisense 5-AGC CCA GIT TCA TTG ATC ACA AGG-3
Bal-2 Sense 5-CAG CTG CAC CTG ACG-¥
¢ Antisense 5-ATG CAC CTA CCC AGC-¥
Belxd. Sense 5-CGG GCA TTC AGT GAC CTG AC-¥
Antisense 5-TCA GGA ACC AGC GGT TGA AG-¥
Bax Sense 5-ATG GAC GGG TCC GGG GAG-¥
Antisense 5-TCA GCC CAT CIT CTIT CCA-¥
XIAP Sense 5-GAA GAC CCT TGG GAA CAA CA-¥
Antisense 5-CGC CTT AGC TGC TCT CIT CAG T-¥
CIAP-1 Sense 5-TGA GCA TGC AGA CAC ATG C¥
i Antisense 5-TGA CGG ATG AAC TCC TGT CC-¥
CIAP-2 Sense 5-CAG AAT TGG CAA GAG CIG G-¥
i Antisense 5-CAC TTG CAA GCT GCT CAG G-¥

Western blot analysis0l 2|8t EH#E WEi9] E4

FH " A Eo| AFF 9 lysis buffer [25 mM Tris-Cl (pH
75), 250 mM NaCl, 5 mM EDTA, 1% NP40, 1 mM phenyme-
thylsulfony! fluoride (PMSF), 5 mM dithiothreitol (DTT)]E
A7bete 4°Col A 1A1ZE S AT &, F A S Ee
stk 9 H5E Bio-Rad @ B A% (Bio-Rad,
Hercules, CA, USA) AH8 o] &3t B & 05 5359
Laemmli sample buffer (Bio-Rad)& 41014 samples &S
. 5% samples sodium dodecyl sulphate (SDS)-poly-
acrylamide gel2 °| &3l #71YFoz Ee3 &, PVDF
membrane (Schleicher and Schuell, Keene, NH, USA)2. &
electroblottingell o3} Mol it Zeld ©do] Hojd
membranes 5% skim milkE A 23] B 5ol A<l G A S
of & blocking= FAIst 12k FAE A gste] oA
2A 7k o] T 4°Coll A over nightAl 7] T PBS-TZ A4
st A 13 FA o B 22 FAE ARG oA
1M A5 B3 A AT ¥hgo] ¢ & Ao A enhanced
chemiluminoesence (ECL) solution (Amersham Life Science
Corp., Arlington Heights, IL, USA)& & &A%l th5 X-ray
filmoll ZH3AA E4dd o] Bd ¢S LAt & 243
of AHg¥ 14 FA 52 Santa Cruz Biotechnology Inc. (Santa

Cruz, CA, USA) 2 Calbiochem (Cambridge, MA, USA)9| Al
FAstH o, 22 FA 5L Amersham Corp.ol A T34
o},

In vitro caspase activity &8

Apoptosis & F7| caspase 4 BE9] AFA < H|
Aste] FHIE AZE Z2 A 4719 L BHeR
dg FE35ta A Fet At Caspase activity assay kite R&D
Systems (Minneapolis, MN, USA)ell Al T-§}3} % 2.1, 150 ug
o ggo] g8 50 el sampled] 714 100 pMo] &
reaction buffer [40 mM HEPES (pH 7.4), 20% glycerol (v/v),
1 mM EDTA, 0.2% NP-40 and 10 mM DL-DTT] 50 pl& €%
3te] 7k sample & ¥ %ol 100 ul7} A S &7l 7
caspase 71 & 5 WE A7kste] 37T, A 347 &3t wkE
A7l 3 ELISA readerE ©]-&3t] 405 nm9 &3 55 ©| &3}
o H$Y AEE ZAsAT. & Ao AH8H 7] H L cas-
pase-3¢] 9ol = Asp-Glu-Val-Asp (DEVD)-p-nitroaniline
(PNA)©| %1 1L, caspase-89] 7% %l = lle-Glu-Thr-Asp (IETD)-
pNA©°] 1 2™, caspase-9& Leu-Glu-His-Asp (LEHD)-pNA
SAth.

Rl
1=
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e Addd%e W + 2FUAE A3 AL SigmaPlot
(Systat Software Inc., San Jose, CA, USA)< ©]8-3}¢] Student
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Aol o 2 UHA o2, 3, 5 16, 2026, 31], YA A%
AZo] g3t Ras AR3 AAo|th B AT 4= cordyce-
pin =& -r|°“1]:1:°ﬂ M= apoptosisE FET Ao R o =3}
o] AGS A ZE tgoR HEe F40 mAt 98¢ 94
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0422 MTT assayE A A3 2.1, cordycepin A8 &%
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Fig. 1. Inhibition of cell proliferation by cordycepin in AGS cells.
Cells were seeded in 6 well plate at 3x10° cells/ml and
treated with the indicated concentrations of cordycepin
for 24 hr (A) or 30 ug/ml cordycepin for the indicated
times (B). Cell viability was measured by the metabol-
ic-dye-based MTT assay. Results are expressed as per-
centage of the un-treated control + SD of three separate
experiments (*p<0.05 vs. untreated control). (C) The cells
were photographed with an inverted microscope (Mag-
nification, x200).
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Fig. 2. Induction of apoptosis by cordycepin in AGS cells. (A)
Cells were seeded in 6 well plate at 3x10° cells/ml and
treated with the indicated concentrations of cordycepin
for 24 hr. DNA fragmentation was analyzed by extract-
ing the fragmented DNA and separating it by electro-
phoresis in a 1.5% agarose gel containing EtBr. (B and
Q) Cells were seeded in 6 well plate at 3x10° cells/ml
and treated with the indicated concentrations of cordyce-
pin for 24 hr (B) or 30 ug/ml cordycepin for the in-
dicated times (C). To quantify the degree of apoptosis
induced by cordycepin, the cells were evaluated for
sub-G1 DNA content, which represents the fractions un-
dergoing apoptotic DNA degradation, using a DNA
flow cytometer. Results are expressed as the means +
SD of three independent experiments. The statistical sig-
nificance of the results was analyzed by Student’s t-test
(*p<0.05 vs. untreated control).
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Wk §FS vIA=AE AT Fig. 39 ZoA &
%ol DR L& &8t 2 #474< DR4 ¥ Fas®
mRNA % @4 ) B o = cordycepin®] & B &< HIAA

Z3t4th. 22y DRSS} tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL) ¥ Fas ligand (FasL)9
L cordycepin A 2] F= JEHOE HA B WY £F
A B4 F7hetA T dEbA 0 2 extrinsic pathway ] 7] A7}
A Zgtel| 23t DR TRAIL ¥ FasL 53 22 apoptotic
ligand7} Ao 2N AdTE HS 18T 911, 17,
£ A7 A= cordycepin®] A 2loll o AGS Al E oA <
apoptosis fr'&ol extrinsic pathway®] 24347} #3835
< BoFE Aot

T intrinsic pathway 28] Q83 &S 3t Bdl-2
family frA 79 2@ o] v A= cordycepin® &S ZAbst
Tt Bcl-2 familyol] 43t= T3 A2 mitochondria ¢ 9ol A
mitochondria 2.&3} mitochondria®l 93] =5 & apopto-
sisE ZA 3l intrinsic pathway?] 8.3 ZAA 2 A, Bcl-2
g Bad-xL 53 22 apoptosisE % A3t anti-apoptotic T
A3} Bax 9 Bad 53 %] apoptosisg 23t pro-apop-
totic FHAZ F4 = 0] JTh[17, 29]. AT anti-apoptotic
3! pro-apoptotic A S Ato] o FF o] AAAA HH mi-
tochondria®| 7]% ©]¢< F¥3tA =i mitochondria® W
gl 2452 9l apoptosis F¥ £7 UAEO] AEAZ
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Fig. 3. Effects of cordycepin on the expression of apoptosis-related genes in AGS cells. (A) After treatment with the indicated concen-
trations of cordycepin for 24 hr, total RNA was isolated, and RT-PCR was performed using the indicated primers. (B) The
cells grown under the same conditions as (A) were lysed and then equal amounts of cell lysates were separated on SDS-poly-
acrylamide gels and transferred to PVDF membranes. The membranes were probed with the indicated antibodies and the
proteins were visualized using an ECL detection system. Actin was used as an internal control. GAPDH and actin were
used as internal controls for the RT-PCR and western blot assays, respectively.
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HZH 0 2 A apoptosis ¥ ASE FEIAE AR 4
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9 IAP2% 77t TS caspase®te] A F3te] apopto-
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cepin®] FFE FABIH 21, Fig. 4A¢ immunoblotting 2
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_g]z,em 07 ZHAHYoU =R FAF gl dy 17}
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tivity assayS 5314} o] & caspase? T4 AEE HH B4
g A3k, Fig. 4B A vk vkl 2o cordycepin A 2] &%
o] Z7boll wel caspase-3, -8 % 99 BAo] foFHoR 4%
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Fig. 4. Activation of caspases and the degradation of the PARP
by cordycepin treatment in AGS cells. (A) Cells were in-
cubated with various concentrations of cordycepin for
24 hr, lysed and cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto PVDF
membranes. The membranes were probed with indicated
antibodies. Proteins were visualized using an ECL de-
tection system. Actin was used as a loading control. (B)
After 24 hr incubation with PVDF, aliquots (150 pg pro-
tein) were incubated with substrates, DEVD-pNA, IETD-
pPNA and LEHD-pNA, for in vitro caspase-3, -8 and -9
activity, respectively, at 37°C for 3 hr. The released fluo-
rescent products were measured. Results are expressed
as the means + SD of three independent experiments.
The statistical significance of the results was analyzed
by Student’s t-test (*p<0.05 vs. untreated control).



Cordycepin (pg/ml)

0 10 20 30

=

2L ‘u—. ——.—-—-‘-—Cytochromec
=

o

S & “-—-—(4—00}(\1

£

%’E S — -%-Cytochromec
0w B

g.g ‘-— e — ——‘4—Actin

Fig. 5. Release of cytochrome c from cytosol to nucleus by cor-
dycepin treatment in AGS cells. Cells were incubated
with various concentrations of cordycepin for 24 hr. The
cytosolic and mitochondrial proteins were extracted and
Western blot analyses were performed using the in-
dicated antibodies and an ECL detection system. Actin
and cytochrome c oxidase subunit 4 (COX IV) were used
as internal controls for the cytosolic and mitochondrial
fractions, respectively.

caspase-99] &4 715 FF AEZZE 9] cytochrome ¢
3 caspase-39] Ao & 7|A GHAESY Eaj7t T &

&5 e Ao AZ4H A, IAP family?] 2H 72
o] caspase®] #/4do] AAEA X3t 2= apoptosis
L AE A& A2 A4HANY. HF o]
92 d77F B a3 AA 5 cordycepin A g ol <3}
apoptosist extrinsic ¥ intrinsic pathwayE =
multiple apoptotic pathway®l ¢Jste] 24=d A

=
i
rorr 2 (r

o 41 & 2 %o o w

o
N
e, T
o

ZA 2

ol £ L NISIE AR (FAF2T ) AUOR @
FAFARY AU Wb 28 71297419 (No. 2015
R1A2A2A01004633).

References

1. Agarwal, A, Mahfouz, R. Z, Sharma, R. K, Sarkar, O,,
Mangrola, D. and Mathur, P. P. 2009. Potential biological
role of poly (ADP-ribose) polymerase (PARP) in male
gametes. Reprod. Biol. Endocrinol. 7, 143-163.

2. Chen, L. S,, Stellrecht, C. M. and Gandhi, V. 2008. RNA-di-
rected agent, cordycepin, induces cell death in multiple
myeloma cells. Br. ]. Haematol. 140, 682-391.

3. Chen, Y., Chen, Y. C, Lin, Y. T, Huang, S. H. and Wang,
S. M. 2010. Cordycepin induces apoptosis of CGTH W-2
thyroid carcinoma cells through the calcium-calpain-caspase
7-PARP pathway. ]. Agric. Food Chem. 58, 11645-11652.

4. Chen, Y. H,, Hao, L. ], Hung, C. P., Chen, ]. W,, Leu, S.
F. and Huang, B. M. 2014. Apoptotic effect of cisplatin and
cordycepin on OC3 human oral cancer cells. Chin. ]. Integr.
Med. 20, 624-632.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Life Science 2016, Vol. 26. No. 7 853

. Choi, S., Lim, M. H,, Kim, K. M,, Jeon, B. H., Song, W. O.

and Kim, T. W. 2011. Cordycepin-induced apoptosis and
autophagy in breast cancer cells are independent of the es-
trogen receptor. Toxicol. Appl. Pharmacol. 257, 165-173.

. Cunningham, K. G, Manson, W., Spring, F. S. and Hutchin-

son, S. A. 1950. Cordycepin, a metabolic product isolated
from cultures of Cordyceps militaris (Linn.) Link. Nature 166,
949.

. Danson, S., Dean, E., Dive, C. and Ranson, M. 2007. IAPs

as a target for anticancer therapy. Curr. Cancer Drug Targets
7, 785-794.

. de Graaf, A. O., de Witte, T. and Jansen, J. H. 2004. Inhibitor

of apoptosis proteins: new therapeutic targets in hemato-
logical cancer? Leukemia 18, 1751-1759.

. Duriez, P. J. and Shah, G. M. 1997. Cleavage of poly

(ADP-ribose) polymerase: a sensitive parameter to study cell
death. Biochem. Cell. Biol. 75, 337-349.

Fiandalo, M. V. and Kyprianou, N. 2012. Caspase control:
protagonists of cancer cell apoptosis. Exp. Oncol. 34, 165-175.
Fulda, S. and Debatin, K. M. 2006. Extrinsic versus intrinsic
apoptosis pathways in anticancer chemotherapy. Oncogerne
25, 4798-4811.

Hensley, P., Mishra, M. and Kyprianou, N. 2013. Targeting
caspases in cancer therapeutics. Biol. Chem. 394, 831-843.
Jang, K. J., Kwon, G. S, Jeong, J. W., Kim, C. H., Yoon,
H. M., Kim, G. Y., Shim, J. H., Moon, S. K., Kim, W. J. and
Choi, Y. H. 2015. Cordyceptin induces apoptosis through
repressing hTERT expression and inducing extranuclear ex-
port of hTERT. ]. Biosci. Bioeng. 119, 351-357.

Jeong, J. W. and Choi, Y. H. 2014. Cordycepin inhibits the
migration and invasion of HCT116 human colorectal carci-
noma cells through the tightening of tight junctions and in-
hibition of matrix metalloproteinase activity. . Kor. Soc. Food
Sci. Nutr. 43, 86-92.

Jeong, J. W, Jin, C. Y., Park, C.,, Han, M. H.,, Kim, G. Y,,
Moon, S. K, Kim, C. G, Jeong, Y. K, Kim, W. ], Lee, ].
D. and Choi, Y. H. 2012. Inhibition of migration and in-
vasion of LNCaP human prostate carcinoma cells by cordy-
cepin through inactivation of Akt. Int. ]. Oncol. 40, 1697-
1704.

Jeong, J. W,, Jin, C. Y., Park, C,, Hong, S. H,, Kim, G. Y.,
Jeong, Y. K, Lee, ]J. D., Yoo, Y. H. and Choi, Y. H. 2011.
Induction of apoptosis by cordycepin via reactive oxygen
species generation in human leukemia cells. Toxicol. In Vitro
25, 817-824.

Kimberley, F. C. and Screaton, G. R. 2004. Following a
TRAIL: update on a ligand and its five receptors. Cell Res.
14, 359-372.

Lavrik, I. N., Golks, A. and Krammer, P. H. 2005. Caspases:
pharmacological manipulation of cell death. ]. Clin. Invest.
115, 2665-2672.

Lavrik, I. N. 2010. Systems biology of apoptosis signaling
networks. Curr. Opin. Biotechnol. 21, 551-555.

Lee, H. H., Park, C, Jeong, J. W., Kim, M. J., Seo, M. J.,,
Kang, B. W,, Park, J. U, Kim, G. Y., Choi, B. T., Choi, Y.
H. and Jeong, Y. K. 2013. Apoptosis induction of human



854

21.

22.

23.

24.

25.

26.

BBULRIX| 2016, Vol. 26. No. 7

prostate carcinoma cells by cordycepin through reactive
oxygen species mediated mitochondrial death pathway. Int.
J. Oncol. 42, 1036-1044.

Lee, S. Y., Debnath, T., Kim, S. K. and Lim, B. O. 2013.
Anti-cancer effect and apoptosis induction of cordycepin
through DR3 pathway in the human colonic cancer cell
HT-29. Food Chem. Toxicol. 60, 439-447.

Lee, H. H, Jeong, J. W,, Lee, ]. H, Kim, G. Y., Cheong,
J., Jeong, Y. K,, Yoo, Y. H. and Choi, Y. H. 2013. Cordycepin
increases sensitivity of Hep3B human hepatocellular carci-
noma cells to TRAIL-mediated apoptosis by inactivating the
JNK signaling pathway. Oncol. Rep. 30, 1257-1264.

Lee, H. H., Kim, S. O., Kim, G. Y., Moon, S. K., Kim, W.
J., Jeong, Y. K,, Yoo, Y. H. and Choi, Y. H. 2014. Involvement
of autophagy in cordycepin-induced apoptosis in human
prostate carcinoma LNCaP cells. Environ. Toxicol. Pharmacol.
38, 239-250.

Seong da, B., Hong, S., Muthusami, S., Kim, W. D., Yu, J.
R. and Park, W. Y. 2016. Cordycepin increases radio-
sensitivity in cervical cancer cells by overriding or prolong-
ing radiation-induced G2/M arrest. Eur. ]. Pharmacol. 771,
77-83.

Lee, H. H., Hwang, W. D,, Jeong, J. W., Park, C., Han, M.
H.,, Hong, S. H, Jeong, Y. K. and Choi, Y. H. 2014. Induction
of apoptosis and G2/M cell cycle arrest by cordycepin in
human prostate carcinoma LNCap cells. . Life Sci. 24, 92-97.
Li, Y, Li, R, Zhu, S., Zhou, R, Wang L, Du, ], Wang, Y
Zhou, B. and Mai, L. 2015. Cordycepin induces apoptosis
and autophagy in human neuroblastoma SK-N-SH and
BE(2)-M17 cells. Oncol. Lett. 9, 2541-2547.

27.

28.

29.

30.

31.

32.

33.

Liang, Z. C, Liang, C. H. and Wu, C. Y. 2014. Various grain
substrates for the production of fruiting bodies and bio-
active compounds of the medicinal caterpillar mushroom,
Cordyceps militaris (Ascomycetes). Int. ]. Med. Mushrooms 16,
569-578.

Nair, C. N. and Owens, M. J. 1974. Preliminary observations
pertaining to polyadenylation of rhinovirus RNA. J. Virol.
13, 535-537.

Ola, M. S., Nawaz, M. and Ahsan, H. 2011. Role of Bcl-2
family proteins and caspases in the regulation of apoptosis.
Mol. Cell. Biochem. 351, 41-58.

Stennicke, H. R. and Salvesen, G. S. 1999. Catalytic proper-
ties of the caspases. Cell Death Differ. 6, 1054-1059.
Thomadaki, H., Scorilas, A., Tsiapalis, C. M. and Havredaki,
M. 2008. The role of cordycepin in cancer treatment via in-
duction or inhibition of apoptosis: implication of poly-
adenylation in a cell type specific manner. Cancer Chemother.
Pharmacol. 61, 251-265.

Thomadaki, H., Tsiapalis, C. M. and Scorilas, A. 2005.
Polyadenylate polymerase modulations in human epi-
thelioid cervix and breast cancer cell lines, treated with eto-
poside or cordycepin, follow cell cycle rather than apoptosis
induction. Biol. Chem. 386, 471-480.

Wang, X. A, Xiang, S. S, Li, H. F, Wu, X. S, Li, M. L.,
Shu, Y. J., Zhang, F., Cao, Y., Ye, Y. Y, Bao, R. F,, Weng,
H, Wu, W. G, My, ]. S, Hu, Y. P, Jiang, L, Tan, Z. ],
Lu, W, Wang, P. and Liu, Y. B. 2014. Cordycepin induces
S phase arrest and apoptosis in human gallbladder cancer
cells. Molecules 19, 11350-11365.

P
Jhu

~ =
o
(St Srsds, 5ot

SCEL LR ELER)

Nucleoside adenosine =42 313l cordycepin (3'-deoxyadenosine) Cordyceps o141 frEl® &4 E4 59
<

StUZA g, st 2 3ors A
AGS A ALAE9

AGS AlXY AEEo] A & &4

233 g 4y asol de
Ao PA = cordycepin® FFFH #HH J|H AFE A=
o2 Z+4E3on, DNA B3 9 flow cytometery

AOE 2 dEA Ut & d7dAMe
3t 9Tk, Cordyceping] A gl w}hz}
Ao mWE apoptosis

20
T =23 FYHoE e es FUsAT. olH @ cordycepin A el WE AGS MES apoptosis =l

A#EH AU b2 cordycepine Bcl-2 family %
pro-apoptotic 123l Baxe HHL 71X % 21, anti-apoptotic 1 AHQ] Bal-2 & Bel-xLe Hd2 A 2 HY FF
A QAN o] FFEL extrinsic B intrinsic apoptosis®] initiator caspase (caspase-8 % -9) ¥5F o} g} effec-

TRAIL, DR5 ¥ FasL9 mRNA % wuldo] g =717}

tor caspase$! caspase-39] €A 3} PARP ¥4 dAdt

Z7hh ABAel

9]% apoptosis?] 32 death receptor 24 3 mitochondria 7%

3
A2 A4ET v E & o AT 71 A7 ATt Austol HAAY, & 479 3= cordycepin®] 2
F7HA8E A% 712

&< odste T2

AnEg.

# A7t 9 Aolw $F +99

N

DAk kA AGS ME A cordycepin®]

S I3
&4e 33

multiple apoptotic pathway7} %

NZx AREAN 1 A7} e =8 Aog




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


