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Induction of Apoptosis by Methanol Extract of Gloiopeltis furcata in
Human Leukemia Cell Line U937. Woo Young Choi'?, Cheol Park'?, Gi Young Kim’,
Won Ho Lee?, Song-Ja Bae* and Yung Hyun Choi"". 'Department of Biochemistry, College
of Oriental Medicine and Department of Biomaterial Control, Dongeui University Graduate
School and Institute of Oriental Medicine, Dongeui University, Busan 614-052, >Department
of Biology, Pusan National University, Busan 609-735, *Faculty of Applied Marine Science,
Cheju National University, Jeju 690-756, *Department of Food and Nutrition, and Marine Bio-
technology Center for Bio-Functional Material Industries, Silla University, Busan 617-736, Korea

Abstract  Epidemiological studies have indicated that the ubiquitous consumption of seaweeds
is a protective factor against some types of cancer. Previous results showed that the admin-
istration of seaweed powder or extract reduced the incidence rate of chemically induced tumori-
genesis using in vivo animal model. Recently, we reported that the extracts of Gloiopeltis
furcata, a kind of Korean edible seaweed, caused he cell growth inhibition of various human
cancer cell lines, among them methanol extract exhibited a relatively strong antiproliferative
activity. However, the molecular mechanisms of this seaweed in malignant cells have been
poorly studied until now. To elucidate this problem, we investigated the effects of methanol
extract of G. furcata (MEGF) on the growth inhibition in several human cancer cell lines,
and further we analyzed the effects of this extract were tested on the activity of apoptosis
induction in human leukemic cells. The results demonstrated that MEGF treatment resulted
in the morphological changes and the growth inhibition in a dose-dependent manner.
Furthermore, MEGF potently suppresses the growth of human leukemic U937 cells by induction
of apoptosis, which was associated with induction of cyclin-dependent kinase inhibitor
p21(WAF1/CIP1) in a tumor suppressor pS3-independent fashion and up-regulation of Fas/FasL
system. Further studies will be needed to identify the active compounds that confer the anti-
cancer activity of MEGF. Once such compounds are identified, the mechanisms by which
they exert their effects can begin to be characterized.
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A Ewlj oF
AFESE Q1A AP C-3,
ZLOHJIEJ HT-29, | HAIZ<1 A549, A
AGS 18] WEH A EQ U937 A FsA T
(KRIBB, Taejeon, Korea)ol| A F 2ot o, AL 2]
HjFS 9138l 10%2] F-El o} & A (fetal bovine serum,
FBS, Gibco BRL, Grand Island, NY, USA)3} 1%<]
penicillin-streptomycin &5 ©°] 3X3%¥ RPMI-1640 2
DMEM ¥ A|(Gibco BRL)E AF-&-3l] 37C, 5% CO,
ZA3F2] CO, incubatoroll A vl &F3lH T BES7HAL
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furcata, MEGF)& @7] #late] Az & Wgb&S A
7VakaL 37°C oA 11 3 ok 4AIRE B} 33 WS
F=ota 34 2F FF5VE Y s5AI1R
4

A 23 ATH13].

A9 A=
2

Al & ]

A& A 01—11] 3z

! fas =

do o
n,‘Z )

n
l~> r2§‘.=

o

D EDICERE R

A3 Bl kg 6 well plateol] ZF SA|Eo] A &5
o wel Qe BEshe] 2447 B SLABA K]
o2 MEGFE A4 == #jX| o 314 g5t
ThA] 48A17F B9t wokat 3, 9=} & v A (inverted
microscope, Carl Zeiss, Germany)< ©]-83}%] 200H]
o &= 7 HAMEFY = WE FH Y W}
s dESA

MTT assay®l &3 Al X AAAA ZA

M3 W FE 6 well plateol] 2t FHMEFE A

3t 24413 F<F FE 3R] B MEGFE 2
A A elste] 48417 EF A & ZF well®] HY
A& ME3A AAZ F tetrazolium bromide salt
(MTT, Amresco, Solon, OH, USA)E 0.5 mg/ml &%=
7} HA B At 2 ml¥ &3 3413 F2F CO,
incubatorol| A W& 2ptste] HE-EAIZ] T3 MTT Al
°k& A A3t DMSOZE 7} welloll A4 € formazin
S 77 FF O FE =<2 5 ELISA reader (Molecular
Devices, Sunnyvale, CA, USA)E ©]-83}%] 540 nmoll
Ao TR TS Z=AH3AT AL 25 A 1S 3}
Rom, 1o ok BT £F 2AHE Sigma Plot
40 ZZ 13 (SPSS Ins.) o2 F3FATH
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DNA flow cytometry ¥4

4% 9 MEGFS A 23 vl Aol A 4843t &<t
Hj AL 2 QA ZFE 2,000 pmell 5E7F AR
gsto] 5] viAE W ol Al3E pallet?t FofA]
PBS 1 mlZ F&3] AFF A F 2,000 pmO =
583 dAEE & F 45 PBSHE WP T
A X palleto] CycleTEST PLUS DNA REAGENT KIT
(Becton Dickinson, San Jose, CA, USA)E Al-&3}
314 9 propidium iodide (PI, concentration, 50ug/ml;
Sigma) FA NS A efste] A, 4TAM 152 &t
A [T, @2 T DNA flow cytometry (Becton
Dickinson, San Jose, CA, USA)oll thZ+ 2 MEGF
A HEAA FFWE WE histograme
ModiFit LT (Becton Dickinson) programS. 2 #2435}

At

DAPI staining®l] ¢J§F A3l Jef F2F

MEGF A gl 2]t erM3E 9] apoptosis 72 o F-
gl T o Pz WHIE AEstr] 9o
‘g 51 MEGF7} A 2] v =|ol| A 48A]3t 59k vl <F
H A ZLE 2 T3 37% formaldehyde -8<4 3} PBS
£ 1:99 H&Z 4L fixing solutionS FOFZ A3

1
50

o

0 ut A7yste] & flojE &, A2oA 10&
<ok 1A 2,000 ppm O E 5EZF A4l B3
T AFqe AASIAL PBS 200 b B WolA F7
. slide glass 9l 120 w0 A= BA=H 1200
rpmol| A 5331 cytospindl A Th PBSE 2 ~ 33] wash-

ing3}al slide glassE 7AZAIZl & 4°,6-diamidino-2-

o ok

Table 1. Gene-specific primers for RT-PCR

phenylindole (DAPI, Sigma, St. Louis, MO, USA) &<}
S MEZ7F 143 slide glass 910l A G &S Hojx=
d & Ue Adsta A2 4 GAAIFT oF 10+
7hg EMAR F, 333 AR (Carl Zeiss)= ©]-&-3t
o] 4008¢] ¥l &= Z} MEGF A ] s&=o| o2 <A
WYy Alxe] o] e wstE dEsT

Reverse transcription—polymerase chain re-

action ¥4

3719} LI =M FHE AEZE PBSE Al
3} 3L TRIzol reagent (Invitrogen Co., Carlsbad, CA,
USA)E 4TA 1A B2t #1838+ total RNAE
Zt Ae] s HE stk 22lE RNAS A
3+ 3 AHH primer, DEPC water ~12] 17 ONE-STEP
RT-PCR PreMix Kit (Intron, Korea)S 237 Mastercycler
gradient (Eppendorf, Hamburg, Germany)E ©| -85}
SE3IATH 2 PCR AHEES 44 Aol & FRls)
7] #1384 1x TAE buffer2 1% agarose gel S THE1L
well B ZH2Fe] primerl] 3| @3k PCR 4l=ol 6x
agarose gel loading buffer (BIONEER, Korea)E 41
A1 20 pl well®ll loading &+ ¥ 100 VE A7 95
AT 7195 S 2 DNA 287} B gel2 ethi-
dium bromide (EtBr, Sigma)S ©] &3} A2 &
UV 3loll A &213}aL Picture works' photo enhancer&
o] g3t Abxl 9 & 3T RT-PCRE ©] 83}
AE NS FH2Y 7+ Table 19 YERA
Hiel 2o, o] housekeeping AR glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) %
AE internal controlZ AF-&3}A T

Gene name Sequence
53 sense 5'-GCT CTG ACT GTA CCA CCA TCC-3'
P antisense 5'-CTC TCG GAA CAT CTC GAA GCG-3'
21 sense 5'-CTC AGA GGA GGC GCC ATG-3'
P antisense 5'-GGG CGG ATT AGG GCT TCC-3'
Fas sense 5-TCT AAC TTG GGG TGG CTT TGT CTT C-3'
antisense 5'-GTG TCA TAC GCT TTC TTT CCA T-3'
FasL sense 5-GGA TTG GGC CTG GGG ATG TTT CA-3'
antisense 5'-AGC CCA GTT TCA TTG ATC ACA AGG-3'
GAPDH sense 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3

antisense

5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'




Western blotting ¥4

A% 9 MEGF7} A 2| wj Aol A Apek SHAl S
S Ao lysis buffer [25 mM Tris-Cl (pH 7.5), 250
mM NaCl, 5 mM EDTA, 1% NP-40, 1 mM phenyme-
thylsulfonyl fluoride (PMSF), 5 mM dithiothreitol
DTD]Z &8l &, AEAHEY7E ©] 83}
14,000 rpmol] 15 E3F Al Z ) ZAES B2 o
& T @A S sodium dodecyl sulphate (SDS)-
polyacrylamide gel= ©]-83t 7|95 = &}
Aot EEl® 9@MEES  nitrocellulose  membrane
(Schleicher and Schuell, Keene, NH, USA)2. = elec-
troblotting®l &J3l Mo]A|l ¥ 54 o] o3t
A2}t 2o i3 o2 A ¥Whg-S AAZE & A
o] 4] Enhanced Chemiluminoesence (ECL) &<}
(Amersham Life Science Corp., Arlington Heights, IL,
USA)S A 2AIZ] B3 Xeray filmoll ZH3A1A 574
S o] o EAsAT B A AHE A
£+ Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA) % Calbiochem (Cambridge, MA, USA)| Al <
Aot om, 22 FAZ AHE-H peroxidase-labeled
donkey anti-rabbit % peroxidase-labeled sheep an-
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ti-mouse immunoglobulin< Amersham Life Science®]l

A Tk

t}oFglk HAl Z oA MEGFY F4 94 &3

2 7FA] AAFA S S mA] = BT
HEeE FEEMEGF) 9FS vlustr] ¢35k
A DY LA EPC-3), HAGAEHT-29), =L
A 3E(A549), ILHEAGS) B AA HE A ZU93T)
o MEGFE T3t 5 5(20~150 ng/ml)Z 48417t
ot AP T 72 FAEES] FEE Hdu A ol A
Atk A E L} AA B WS HATHFig. 1). 9A AHA
A PC-33 WA E A54990 A= Al 2] R oFo]
MEGF9] A& 557} S71&+5 F3E7]9 22
FEi7E FA AFEH7] AlReEE A mpRE A sk
oA = Ao F2g JAstes 5o A FeHd
HEPS Hom Az Uk QA A & &
oz ZoEUT. 18y YA EL] HT-29 2
LM ER] AGSOIA = MEGF A8 =7} S71E
T5 F2E o) Aol Uil wet Al=E7F 4% Bl

73 100 150

MEGF (pgiml)

Fig. 1. Morphological changes of several human cancer cell lines after treatment with methanol extracts of Gloiopeltis furcata
(MEGF). Cells were plated and incubated for 24 h. The cells were incubated with variable concentrations of MEGF. After
48 h incubation cells were sampled and examined under light microscopy. Magnification, X200.
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Y = A MTT assays ©|&3t A v A
o A At oA 9} MEGFE 34 2] 2]k ujj %] ol A
Ak FAEZ ] ATl AFES v S o,
Fig. 29| ZA3}o| A e} o] PC-3, HT-29 & A549 A
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Eo] - ZAT AL FAS o UV o™, MEGF
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A & 3llen, & ATl AR Al E T
YA ZF1 U937 M4 7HE ZHd o] Atk
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Fig. 2. Anti-proliferative effects of MEGF in several human
cancer cell lines. After cells were seeded as described in ma-
terials and methods, and treated with MEGF. After 48 h in-
cubation with MEGF, MTT assay was performed. Results are
expressed as averages +/- SD form separate experiments.

A JGEGE A ME A EQ] U937S o] &3t
AX 1S4 A 37T apoptosis FEH A
JE=AE AR Fig. 3 2 Fig. 4B2] flow cy-
tometry A Il A YERG A3} 2o A ul =] o 4]
bk U937 M2 o] 719} vlwskel & 79 MEGFE
A g oA A T o|EHoE Mz AE
o] dojt FFo = LHX sub-G17|7F L 571
st Ze glstden, 74 AxE F719 Taes
sub-G1719] Z7tef w0l By HrE WHeh=
2= =) ottt o9 28 sub-G171¢] =717 MEGF
A glol )3k apoptosisell 23 ZARJAA 27 A8}
$13te] DAPI staining= &A g A3+ Fig. 4A0 U
bl viel ok Aol A & 5 Aol B wjA el
Al HlFE U937 Aol A= 3] FEjrt FEistal
WA G AR, MEGFS 2] 2] 3 vl 2| o) A Hlj o
H A= 3 He] chromatin®] -8 £] gk apoptotic
body®] &3 °| MEGF A& v=o|&H o2 F714
< AT F AR o]} 2 A= MEGF] A
2ol o3 WA LA o] T4 A 37} apop-
tosis9] i@ AH A AH#HAF o] A ov]sted

FE Aol

MEGF {ugiml)
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Fig. 3. Effect of MEGF on the cell cycle distribution in U937
human leukemia cells. U937 cells were treated with MEGF
for 48 h. Cells were fixed and then stained with PI. The per-
centages of each fraction were determined by DNA flow
cytometry. Data are means average of two separate ex-
periments.
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Fig. 4. Induction of apoptosis by MEGF in U937 cells. (A)
After treated with MEGF for 48 h, cells were fixed and
stained with DAPI. The nuclear morphology was photo-
graphed with a fluorescence using blue filter. Magnification,
X400. (B) Cells treated for 48 h with MEGF and then the
cells were collected and stained with PI for flow cytometry
analysis. The fraction of apoptotic sub-G1 cells is indicated.
Data are presented as the mean values obtained from two
independent experiments.

AZ 4 AR wAE MEGFS 9%
MEGF2| A gjol o]t MEAYA z o] F2/A] &
ol FFIA FRAA e AExF7] 2 AR
=9 2 ¥zt Aol A=A AFE A}
7] 18t AA7EA] e FESA /FAA F 7L
A Z=Q3H ps3 & D ARHQ NEF7] 2Hd =83
A S 3t cyclin-dependent kinase (Cdk) inhibitor
p21(WAF1/CIP1)2] ¥H&[5,12]0 U] X]= MEGF2] %
FS ZASIATE Fig. SA 2 B2l Z3+= RT-PCR
2 Western blotting®l] 2]$+ p53 2 p212] W&ol v]X]
= MEGFS] 93-S ZAS 2024, p532] A=
o] Mt e AA "R A wjdE A9 MEGF
Aelzol A HAL B W fzolA 2 wWEsl B3
H A ktont, p212o] 5= AAF B MY FEolA
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Fig. 5. Induction of Cdk inhibitor p21 by MEGF treatment
in U937 cells. Cell were incubated with or without MEGF
for 48 h. (A) Total RNAs were isolated and reverse-
transcribed. The resulting cDNAs were subjected to PCR with
p53 and p21 primers, and the reaction products were sub-
jected to electrophoresis in 1% agarose gel and visualized
by EtBr staining. GAPDH was used as an internal control.
(B) The cells were lysed and then cellular proteins were sepa-
rated by SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed with the
anti-p53 and anti-p21 antibodies. Proteins were visualized us-
ing an ECL detection system. Actin was used as an internal
control.

MEGF A2 5% 9&A 02 thah Z715Qth o=
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MEGF7} p53 7271 A48 A TS F¢4F
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g BHoh FAFQ] A7 e 7"k

Fas/FasL systeme®l ©]x]+= MEGF¢ <3k
AR 7FA] apoptosise] -+ 7 2+ mitochondria s
74 13l mitochondrial pathway<} death receptor®l]
2J3)| death signalS & 3}= death receptor pathway
2 A WYFofAH, F AR Fa QAAE AL
0] 9] cross-talking Z=%F apoptosis 2ol wl-$- F Q%
93-S 3HtH6,9]. L % death receptor pathwayoll A=
Fas (CD95/Apol) & ©]2} A3t ligand] FasL7}
del dEA AoH17,21]. wEiA B AFedAe
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MEGF A 2]l o|& W& A3 apoptosis o
o] &3t death receptors Y s ARE X
Aretth o] 918t Fas ¥ FasL + F4#49
mRAN tﬂ E]-Hﬂ;‘(_:] tﬂ-ﬁ:]oﬂ U]Z] MEGF-/] Odslzo
ZAGE A= Fig 60l UFERA Bke} Zrh WA mRNA
o] W@l A= MEGFS] A= Fig. 6A°] UERd
Hie} o] Faso] WA FS MEGFY A& 5% 9&
2o g thxol s S7FsEAAI N FasLo| ¢ =
< & ¥3 gle 28y el oA =
MEGF9] A &% o|&XH S F Fas ¥ FasL EF
-9~ Skl 21 skt = MEGFS] A 2o
ok A MG M E 93794 FA A &A=
S FFo| A Fas/FasL death receptorg 73 -3t
apoptosis®] &I} FABJATE JS ov S

" MEGF (ug/ml)
0 15 30 45 60
—— ——— |
———— .
———— .

B)

Fas

t
l
L
T

f

FasL

Actin

f

Fig. 6. Effects of MEGF on Fas/FasL system expression in
U937 cells. (A) After 48 h incubation with MEGF, total
RNAs were isolated and reverse-transcribed. The resulting
cDNAs were subjected to PCR with Fas and FasL primers,
and the reaction products were subjected to electrophoresis
in 1% agarose gel and visualized by EtBr staining.
GAPDH was used as an internal control. (B) The cells
were lysed and then cellular proteins were separated by
10% SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed with
the anti-Fas and anti-FasL antibodies. Proteins were vi-
sualized using an ECL detection system. Actin was used
as an internal control.
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