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Apoptotic Cell Death by Pectenotoxin-2 in p53-Deficient Human Hepatocellular Carcinoma Cells.
Don% Yeok Shin'’, Gi Young Kim’, Byung Tae Choi*, Ho Sung Kang’, Jee H. Jung® and Yung Hyun
Choi . "Department of Biochemistry, Dongeui University College of Oriental Medicine and *Department of
Biomaterial Control, Dongeui University Graduate School, Busan 614-052, Korea, *Department of Molecular
Biology, *Department of Anatomy, School of Oriental Medicine, *Department of Pharmacy, Pusan National
University, Busan 609-735, Korea, *Faculty of Applied Marine Science, Cheju National University, Jeju Special
Self-Governing Province 690-756, Korea. - Through the screening of marine natural compounds that in-
hibit cancer cell proliferation, we previously reported that pectenotoxin-2 (PTX-2) isolated from marine
sponges exhibits selective cytotoxicity against several cell lines in p53-deficient tumor cells compared
to those with functional p53. However, the molecular mechanisms of its anti-proliferative action on
malignant cell growth are not completely known. To further explore the mechanisms of its anti-cancer
activity and to test whether the status of p53 in liver cancer cells correlates with their chemo-
sensitivities to PTX-2, we used two well-known hepatocarcinoma cell lines, p53-deficient Hep3B and
p53-wild type HepG2. We have demonstrated that PTX-2 markedly inhibits Hep3B cell growth and
induces apoptosis whereas HepG2 cells are much more resistant to PTX-2 suggesting that PTX-2
seems to act by p53-independent cytotoxic mechanism. The apoptosis induced by PTX-2 in Hep3B
cells was associated with the modulation of DNA fragmentation factor (DFF) family proteins, up-regu-
lation of pro-apoptotic Bcl-2 family members such as Bax and Bcl-xS and activation of caspases
(caspase-3, -8 and -9). Blockade of the caspase-3 activity by caspase-3 inhibitor, z-DEVD-fmk, pre-
vented the PTX-2-induced growth inhibition in Hep3B cells. Moreover, treatment with PTX-2 also in-
duced phosphorylation of AKT and extracellular-signal regulating kinase (ERK), but not c-Jun N-ter-
minal kinase (JNK) and p38 mitogen-activated protein kinase (MARK). Specific inhibitors of PI3K in-
hibitor (LY294002) and ERK1/2 inhibitor (PD98059) significantly blocks PTX-2-induced-anti-pro-
liferative effects, whereas a JNK inhibitor (SP600125) and a p38 MAPK inhibitor (SB203580) have no
significant effects demonstrating that the pro-apoptotic effect of PTX-2 mediated through activation of
AKT and ERK signal pathway in Hep3B cells.
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Fig. 1. Inhibition of cell viability and induction of apoptosis by
pectenotoxin-2 (PTX-2) in p53-deficient hepatocarcinoma
Hep3B cells. HepG2 and Hep3B cells were seeded at an
initial density of 25 x 10°cells per 60 mm plate, in-
cubated for 24 hr and treated with various concen-
trations of TX-2 for 48 hr. (A) Cell viability was meas-
ured via a MTT assay. Each point represents the mean
+ SD of three independent experiments. (B) The cells
grown under the same conditions as (A) were collected
and stained with PI for flow cytometry analysis. The re-
sults are expressed as the mean of two independent
experiments.
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Fig. 2. Effects of PTX-2 on the expression of apoptosis-related proteins and caspases activity in Hep3B cells. (A) The cells were
incubated with PTX-2 for 48 hr, lysed and equal amount of proteins was then separated by SDS-PAGE and transferred
to nitrocellulose membranes. The membranes were probed with the indicated antibodies and detected via ECL. To confirm
equal loading, the blots were stripped of the bound antibodies and reprobed with the anti-actin antibody. (B) After treat-
ment with PTX-2 for 48 hr, the cell lysates were assayed for in vitro caspase-3, -8 and -9 activity using DEVD-pNA,
IETD-pNA and LEHD-pNA, respectively, as substrates. The released fluorescent products were measured. The results are
expressed as the mean + SD of three independent experiments.



1450 $B UK 2007, Vol. 17. No. 10

PTX-2¢] €]t apoptosis 2o o]} & death receptor7}
o329 ARE ZARE A, Fig 2Ad] Yehd npe} 2
o] PTX-29] 5% 9|0 & Fas ¥ FasLe] w32 uj o =
7Vehs A3384< B4, PTX20] 9]8 Hep3B 4 X 9| apopto-
sis fr&Hol| Fas/FasL system?] #o 7}54S BAFYu).
¥4 apoptosis o] H4HA 4EE = caspaser
&3 mitochondria®) o] E@AFH T EA5dr}
apoptosisg FE3h Aol oste 843 =3, 8434
caspaseT A|E W tg4d 14 dil o] dHdE iy
apoptosisE f+ = 3H0H19]. w}A caspase?] E433}+= apop-
tosis®] ol g3t & o2 FA7 2 & Yo g8 Ay
AT FAAM A5 ok £ A7 A caspase-3, -8 2 -9
£t o= PTX-29 9]3}"1 24385 eAY 95 E i/\}??}
A3, Fig. 2A0 A B 4 3150] A 37}A) caspase &
PIX2 HE)sk JEH 02 uEAY duldo] 2o %‘i
e B4Y dide] 3d 2718 HAFU) in vitro
caspase 249 H=E 2F ¥4 23, Fig. 2B A e}
W e} Zo] PTX2 A2l 5 % Q&30 2 caspase-3, 8§ L 9

MAPK AMSHEA 0jXl= PTX-29 A&

NE AZALAY 34129 mitogen-activated protein
kinase (MAPK) family= Z 7| extracellular signal-regulated
kinase 1/2 (ERK1/2), c-Jun NH(2)-terminal kinase (JNK),
p38 kinase 2 A H o] 9l=ul, ERK1/2= ME9| FAoL}
£38E FPse Asd2 F4o #osa, INK 3 p38
kinase= TNF, interleukin-1p 59 proinflammatory cyto-

kineolu} o3 AEFHXAAY A9 AsdD HAQd Fog
t}. ERK1/29} INK 18] L p38 kinaseE2 25 AALZ2AQY
AEE QWA A o FAAE] BHE 24T F U
[12711,13]. =% AKT= phosphatidylinositol 3-kinase
(PI3K)e] %3 o2, inositol phospholipidE <14+3}A] 7]

lipid kinase= % 23} A5 A2 &4l phosphatidyl-3,4,5-tri-
phosphated] 44& #Frdtt}l. 2& systemol A PI3BKe] &
A A AKTY &4s= ALY 4, 43 2 AES
Z2%o] By wt ;,15}[5] m2tA oj# g A HEA A v
A& PTX-29] 43 % apoptosis 239 AAAE 2
A3}, Fig. 3AdA & 4 gl%o] Hep3B M E A AKT ¢
ERK1/27} PTX-29] Al 93to] Aibshr} =AY,

9 Aol BF IS AU
A) Time (hn) Time (hn)
0 05 t 2 4 8 12 24 36 48 0 05 1 2 4 8 12 24 36 48
—Hm
B s s s A S | 4— Actin
HepG2 Hep3B
B)

% of cell viability

I T I A
FEr v+

+
+

[ I ]

LI N I

1+ +

ti4+1 11

PTX2 (31
z-DEVD-fm
stwo 6

51) uM)

i

+""+-

11+ 1+
1+1 011+
0 T I I

1+1101

88203580 6 2

Fig. 3. Roles of MAPK signaling pathway on the PTX-2-induced anti-proliferative effects in hepatocarcinoma cells. (A) The cells
were treated with 3.0 ng/ml PTX-2 for the indicated amounts of time. An equal amount of cell lysates was resolved on
SDS-polyacrylamide gels, transferred to nitrocellulose membranes, and probed with specific antibodies. Actin was used as
an internal control. (B) A caspase-3 inhibitor (z-DEVD-fmk), a PI3K inhibitor (LY294002), an ERK1/2 inhibitor (PD98059),
a JNK inhibitor (SP600125) and/or a p38 MAPK inhibitor (SB203580) were used for pretreatment for 1 hr before treatment
with 3.0 ng/ml of PTX-2 for 48 hr. Cell viability was measured via MTT assay. Each point represents the mean + SD

of three independent experiments.
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