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Inhibition of PIBK/AKT Signaling Pathway Enhances Cordycepin-Induced
Apoptosis in Human Gastric Cancer Cells

Hye Hyeon Leel, Jin-Woo Jeongl, and Yung Hyun Choi'?

IAnti*Aging Research Center, Dongeui University
ZDepartment of Biochemistry, Dongeui University College of Korean Medicine

ABSTRACT The phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway plays a crucial role in cancer occurrence
by promoting cell proliferation and inhibiting apoptosis. In the present study, we evaluated the effect of a PI3K inhibitor,
LY294002, on the chemosensitivity of gastric cancer cells to cordycepin, a predominant functional component of the
fungus Cordyceps militaris, in AGS human gastric cancer cells and investigated possible underlying cellular mechanisms.
Our results revealed that cordycepin inhibited viability of AGS cells in a concentration-dependent manner and induced
apoptosis, as determined by apoptotic cell morphologies and fluorescence-activated cell sorting analysis associated
with attenuated activation of the PI3K/Akt signaling pathway. Treatment with cordycepin in combination with a subtoxic
concentration of LY294002 enhanced cordycepin-induced cytotoxicity and apoptotic potentials in AGS cells. Sensitiza-
tion of LY294002 to cordycepin-induced apoptosis was accompanied by activation of caspases (caspases-3, -8, and
-9) and was concomitant with poly(ADP-ribose) polymerase cleavage. Moreover, LY294002 up-regulated pro-apoptotic
Bax and enhanced truncation of Bid in cordycepin-treated AGS cells, which was connected with increased loss of
mitochondrial membrane potential and release of cytochrome ¢ from mitochondria to the cytosol. Taken together,
these results indicate that inhibition of the PI3K/Akt signaling pathway could augment cordycepin-induced apoptosis
in human gastric cancer cells by up-regulating caspase activity through mitochondrial dysfunction.
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2 ¥A ol calcium-calpain—caspase 4 =7} #ols})
a4 (7), BAAAZ ] FAJo] Aol dEre. a7 % Fr}
(9,12). ¥=3F cordycepin®] &%k 9FA 2] apoptosis %
o] = autophagy’} Zost7| = 317(8,10,11), E3] ket
M| E o] M= estrogen receptor’} H]&]£4 0 & apoptosis
& FESATHR). g+ EA & ok dAE 2] apop-
tosis T2 AlZF7]9] W& FHE7| % s=], cor-
dycepin®] 4-$- dAxEL] FFol wel S7] arrest(19) =&
G17] arrest(13)& a7 = sto] hAlato] W& xfol &
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oo AFEE AGS QA 9)et MEE American Type
Culture Collection(Manassas, VA, USA)lA 438132
™, 10% fetal bovine serum, penicillin & streptomycin
5ol &35 RPMI 1640 ¥ A (Gibco-BRL, Grand Island,
NY, USA)E o]&3}e 37°C, 5% CO, 718}l A w31l
t}. Cordycepin(MW, 251.2; product no. C3394)3} LY
294002+ Sigma-Aldrich Co.(St. Louis, MO, USA) %
Calbiochem(San Diego, CA, USA)°lA st o di-
methyl sulfoxide(DMSO, Sigma-Aldrich Co.)ol <l &
A w2 Ao M ste] AEagith. HE DMSO]
e AEEAEE UEhA &= 0.5% o= A&l
Cordycepin ©5 2 1.Y2940022}2] E3txgjo] & AGS
Aol A& v A= FFS Hwslr] flste] A Z27e
A HjF 5, 2,000 rpm o2 587 AR dto] FE5dS
A A3} /‘ﬂJ_e e E}u 0.5% trypan blue & (Gibco
BRL)S 2837F 28k & hemocytometerg ©|-&3lo] =Y
& v 7 (inverted microscope, Carl Zeiss, Oberkochen,
Germany) 2 2 2o}l N EE AFs ).
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SiE| H3IE E8t apoptosis S &0l
H4 <l apoptosisZt FEHAE 49 A FJejA WA
st5 #Fsr] Yot #vE AXZE<S phosphate-buf-
fered saline(PBS)2. & 2~33] 4=4] & 0.1 M phosphate
buffer(pH 7.2)°ll &4 ¥ 2.0% paraformaldehyde 317 %}
(Sigma—AIdrich Co)o & 1A AEES TASIET. 1

4 $ AIXES PBSE 3] A8 th3 0.05 M phosphate
buffer(pH 7.2)°] 2.5 ng/mLe %= 34149 4 6-dia-
midino-2-phenylindole(DAPI, Sigma-Aldrich Co.) &%
o7 Ao ons}oﬂAi 153F A8 o] vl PBSE
T3] =A% 3 & 3A v H (fluorescence microscope, Carl
Zeiss) sl A o FeE vl Th
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Cordycepin®} LY2940029] = 2 &3} X gl <3t
apopt051s —[rm AEE APFH o g Hushy ] 95l FH|=
AZES 2 tS 2,000 rpme 2 587 JA ] o
”&O"% Zﬂ7‘] I T °o]E MAEZE PBSE ©|-83l4 2~33]
A% Al# 33 Annexin V binding buffer(Becton Dickin-
son, San Jose, CA, USA)o| /A7 Y3 Annexin V-

fluorescein isothiocyanate(FITC) 2 propidium iodide

(PDE A zElsto] AdolA 208 5 WS AlF T HES-o]
i & A|EE 35-mm meshE o] &3] 9 A ¥xg £
gk T flow cytometer(FACSCalibur, Becton Dickinson)
o 283l apoptosis7} %‘?—i% AENVT/PIE & Gukgo|
whe} EA ST o &2 MAEF7] Ao A apoptosisZh
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et Ao Ao sldEs sub-Gl7]e AlE NEE
AeFst7] 918k Cycletest Plus DNA Reagent kit(Becton
Dickinson)& |83t 174 4 A& 3o 4°C, HAlolA
304 &t vESAIF T RESAIZL A2 E flow cytometerell
g3 4o whE cellular DNA content % histo-

grams A3kl

aif}

CtEi o] 22| 2 western blot analysis
EX g o] vy W3l A8 98] 25 mM Tris-Cl

(pH 7.5), 250 mM NaCl, 5 mM ethylenediaminetetra
acetic acid, 1% nonidet P-40, 0.1 mM sodium orthova-
nadate, 2 pg/mL leupeptin 2 100 pg/mL phenylmethyl-
sulfonyl fluoride?} -4 lysis bufferE o]g-ale] whuld
S B ofsE AEd 9 vEZEg o) gES
12]3}7] $13}4] mitochondrial fractionation kit(Active-
motif, Carlsbad, CA, USA)& A3t} vl d w2+
Bio-Rad @& A= A 2k(Bio—-Rad, Hercules, CA, USA)
& o] &3t AFe ths 5% Laemmli sample buffer
(Bio-Rad)& 4]o]A] samples ¥HE¢TH g hild =
o] ¥ E =43 3 western blot analysisZ 93l 539
gl A =S godium dodecyl sulfate(SDS)-polyacryl-
amide gel electrophoresisE ©]-&3}e] &l PVDF
membrane(Schleicher & Schuell, Keene, NI, USA)°. &
Aol A Y. Z+2Fe] membraned] 7 &4 2 enhanced
chemiluminescence(ECL, Amersham Corp., Arlington
Heights, IL, USA) &5 o] g-3te] dhdse] g wst
£ AT 2 A gl AM-¥l 13k A E-2 Santa Cruz
Biotechnology Inc.(Santa Cruz, CA, USA) % Calbio—
chem(Cambridge, MA, USA)ol A T3 o, 23 &
£ Amersham Corp.olA TF+Y 3.

In vitro caspase activity &3

Apoptosis % AA caspased] A A X7} cordyce-
pin T B LY294002¢}2] 3t Ao wpe} oful gk WS}
£ Ho|=AE dolry] 95t FHlE AEE B F A
oF e o Iy FEakal Gl Caspase
activity assay kit R&D Systems(Minneapolis, MN,
USA)A #9)skal o, 150 ngel wel Aol g% 50 ul
9] sample®] 7]& 100 uMe] /% 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 puL& &% a}o]
7} sample 3 F&o] 100 pL7} @A et o 7)o z+
caspase 7|4 5 pLE 7Fste] 37°C, §hdol A 3A13F &<t
HES-A] 71 3 ELISA readerE ©]-&3t4 405 nme] &3 =0l
Al gEEol AL E SASGTH & Ade AMEE 71d 2
Asp-Glu-Val-Asp(DEVD)-p-ni-
troaniline(pNA)°] 1L, caspase-8¢ 7-t-o+= Ile-Glu-
Thr-Asp(IETD)-pNAS 21, caspase—-9< Leu-Glu-His-

caspase-39] 7 -0 =

Asp(LEHD)-pNAS t}.

Mitochondrial membrane potential(MMP, Aym)2| 244

Cordycepin ¥ 3 1.Y2940029}9] 53 Aol &
MMP 3t W3t A& SA317] 9ste] F0lE AlxEe 10
uMe] 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl-imida—
carbocyanine iodide(JC-1, Sigma-Aldrich Co.) &%

A glste] 204 FF Aol A vEEAIH T HhEo] B §
ZzNe A AsI PBSE #A7tete] AEE ¥8A7 oS
flow cytometerd] Z-&3] MMP2 WH3E =A3T)
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BE A¥gAg= ﬁéﬁij—{%ﬂ A2 FAER A Sigma
Plot(Systat Software Inc., San Jose, CA, USA) Student
t-testE o]&3te] EAA 724 % Ak BE SAAY
o] FoAe X0.05 F=ollA AEsTh
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sis7b dojd AZo A & e 7P dubAQl ¥sks
FeeH o7 Mo AV7t FAEM, de] §37} DNAS]
w3 3t th(16). Cordycepin W5 A 2]7F AGS Al 322] A
Eol WA= dEgS FAE] HOP‘# ket 5 %=(0~25 ng
/mL)& 24412k 2]k & trypan blue &0 & ¢ A3}51
hemocytometer& ©]-&3}e] Aolgl+= /‘ﬂ_n_/] TE A3t
St Fig. 1A Yehd vle} o] AGS A2l cordycepin
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B AE] FUF fFelHo R AT
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Fig. 1. Inhibition of cell viability and induction of apoptosis by
cordycepin in AGS cells. Cells were treated with the indicated
concentrations of cordycepin for 24 h. (A) Living cell number
were determined by hemocytometer counts of trypan blue ex-
cluding cells. Results are expressed as percentage of the vehicle
treated control=SD of three separate experiments (P<0 05 vs.
untreated control). (B) The cells were fixed and stained with
DNA specific fluorescent dye DAPI solution. The stained nuclei
were observed under a fluorescent microscope (Original magni-
fication, 400X). (C) To quantify the degree of apoptosis in-
duced by cordycepin, cells were stained with FITC-conjugated
Annexin V and PI for DNA flow cytometry analysis. Apoptotic
cells are determined by counting the % of Amnexin V'/PI” cells
and the percent of Annexin V'/PI” cells. Results shown are ex-
pressed as the mean of two independent experiments.

2 18,99 & =7}8t% th(Fig. 10). o]&l 3 Aa= cordy-
cepin Aol ©| AGS AlaEe] BEE A 7F apoptosis
AAH RS HolFE Zlo|t), ofgd] & A9
Aol A e AGS 919 Mol A cordycepin®] apop-
tosis &= Ao Ari AYUMINFEY A AE
vl & A &=l A apoptosis F =% UL
FE9 v uFPE A A AR o2 010

TR
tH(9,11,13).

01:
sl

(e}
IRy

odb
=
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Fig. 2. Inactivation of PI3K/Akt signaling pathway by cordyce-
pin in AGS cells. (A) After treatment with the indicated concen-
trations of cordycepin for 24 h, the cells were lysed and then
equal amounts of cell lysates were separated on SDS-polyacryla-
mide 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.

o] ¢12}+3}o]l WX cordycepin® &S FALE)
20 VER vl o] PISK 2 Akt A bz
= YERA] &% 21 cordycepin A2l FE
PI3KE T o} 2} Akte] Q1Aks}a o] A}
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P A k= M99 PISK A AA|Q1 LY294002 5 %=(10
uM)E A4 3}ke] PISK/Akt A& A2 &84 37} cordyce—
pinoll 213 AGS AHI3E 9] apoptosisol] VA= &S AL}
At} Fig. 39 Ao A & 4= l50] LY294002+% cordy—

Fag

o)

w

F

HU 12 o o
Y

<
T
Fi-
5

[e]
Ri

Lo o %

cepin ¥H= X gjol] 93t M A ] =3} apoptosis FETE
o B'HD’O}*“ MEL WIS JAIF 2T, cordycepind] 2
3 AlE AEEE ASAZT S PI3K/Akt 215 Al 9] Ak

S cordycepind] 93 NEEAS O A7) =

BAFASES 4 F AT

ats
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Cysteine-dependent aspartate-directed proteases®l
&8k caspasets AlE7F Ao AE B SAT B5
3} mitochondria®] <=l &34 AHeQl proenzyme &
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G EH HAEd 714 g AdSe] RS Sukdlo 2y
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Fig. 3. PI3K inhibitor, LY294002, enhanced cordycepin-induced
AGS cell apoptosis. AGS cells were treated with LY294002
(10 uM) and cordycepin (25 pg/mL), alone or in combination,
for 24 h. (A) Apoptosis was then analyzed by staining with
DAPI and flow cytometry analysis. Results shown are expressed
as the mean of two independent experiments. (B) Living cell
number were determined by hemocytometer counts of trypan
blue excluding cells. Results are expressed as percentage of the
vehicle treated controliSD of three separate experiments ( P<
0.05 vs. untreated control; “P<0.05 vs. cordycepin-treated group).

caspase?l caspase-3 ¥ -7 SO UFojX=d|, WA
initiator caspase’} A 3}E ™ Aol = effector
caspaseZ A 3}sto 2 M A X9 apoptosisE FEH3kCh
(14,15). PARP+= &4 3}% effector caspase®l &]3alo] &
= gzAHel 718 awaz AAACl DNA 8o}
FrAA; FA FA el AR Z #8349, 116 kDa®l
EAHES 7H] PARP @ o] 85 9 24 kDao] dHo =
ﬂfﬂ Al =W PARPO| 752 234 skA =1, PARPS] W

£ caspase ZHA 9)F4 apoptosis &9 AB3}erA T2
A2 ARg-o] 543’— UTHB). kA 2 AT A= tExA
apoptosis % F 74 Z9] initiator caspase(caspase-8 %
-9)9} effector caspase?! caspase-39] Lol wx|=
LY294002 2 cordycepin Ztzte] a3} B3 2o w2
Qs AT B AT AeE 2R @A o)A

#2HE vpel 7+0](11,12,23) cordycepin®] @5 2w wj
ROl A vl %l AGS A3EA caspase-8 2 -9%ul o}]g}

caspase-39] EEAE vz o] whgo] &
w, o]# g A a3 1.Y294002¢ cordycepin £3F A
goA o AstA #ZHAHFig. 4A). 181 HF
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Fig. 4. PI3K inhibitor, LY294002, increased cordycepin-induced
activation of caspases and degradation of PARP in AGS cells.
(A) AGS cells were treated with LY294002 (10 uM) and cordy-
cepin (25 pg/mL), alone or in combination, for 24 h. The cel-
lular proteins were separated by SDS-polyacrylamide gel elec-
trophoresis and transferred to PVDF membranes. The mem-
branes were probed with the indicated antibodies, and the pro-
teins were visualized using an ECL detection system. Actin was
used as an internal control. (B) The cell lysates obtained from
cells grown under the same conditions as (A) were assayed for
in vitro caspase-3, -8, and -9 activity using DEVD-pNA, IETD-
pNA, and LEHD-pNA, respectively, as substrates. The relative
fluorescent products were measured. Data are means+SD from
representative experlments performed at least three times ( P<
0.05 vs. untreated control; “P<0.05 vs. cordycepin-treated group).

7}l AE &= cordycepin B A g woll A Ktk LY294002
% cordycepin 3§ Aol A vl A dEbskT) vt
A caspase?] @A ARE HFgH o= 3dslr] Yt in
vitro caspase 42 T8 A3, ZALE 37}4] caspase
o] gdo] Z4zte] whm Aol H|ste] E3F Aol A
Fold o2 =4 F71519 tH(Fig. 4B). oF&8 LY294002
9} cordycepin g3 2]toll 4] PARP ¥l 2 o] W 3l
ul$- Z7hsked (Fig. 5A), PI3K/Akt A1 &A1) e cor-
dycepin®l 9|3} caspase &4 Z71A]A apoptosis 2
45 055 ¢ 5 AT o2]g PI3K/Akt A& A
Zpetell 93k cordycepin®] apoptosis fE0lA] caspase &
4 STl ok A ol a0 P EAE A HEE
A AR S & 7 AATHET).
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0| X|= PI3K/Akt AS7|e| &t

nEZE ot 7 &4 A@E apoptosis ZH9
Q83 95 g+ Bel-2 familydl &3t g d S =
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Fig. 5. PI3K inhibitor, LY294002, enhanced cordycepin-induced
mitochondrial dysfunction in AGS cells. (A) Total cell lysates
were prepared from cells treated with LY294002 (10 uM) and
cordycepin (25 pg/mL), alone or in combination, for 24 h and
western blot analysis was performed using antibodies against
Bax, Bcl-2 and Bid, and ECL detection. Actin was used as an
internal control. (B) The cells were stained with 10 uM JC-1
for 20 min at 37°C. The mean JC-1 fluorescence intensity was
then detected using a flow cytometer. Data represent the means
of two independent experiments. (C) Cytosolic and mitochon-
drial extracts were prepared from cells grown under the same
conditions resolved by SDS-polyacrylamide gels, transferred to
PVDF membranes, and probed with the anti-cytochrome ¢ anti-
bodies and an ECL detection system. Actin and cytochrome ¢
oxidase subunit 4 (COX IV) were used as internal controls for
the cytosolic and mitochondrial fractions, respectively.
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