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The purpose of this study was to investigate the anti-proliferative and apoptotic effects of acid extract
of Gracilaria verrucosa (AEG) on RC-58T/h/SA#4 primary human prostate cancer cells. AEG sig-
nificantly decreased the cell viability of prostate cancer cells in a dose-dependent manner. AEG also
showed relatively low cytotoxicity on normal cell (RWPE-1). The morphology of prostate cancer cells
treated with AEG was distorted to shrunken cell masses. In addition, it was revealed that AEG in-
duced cell death as evidenced by increased formation of apoptotic body and nuclear condensation.
Furthermore, AEG clearly modulated the down regulation of Bcl-2 (anti-apoptotic)/Bax (pro-apoptotic)
family and activated caspase-3 as an effector caspase in a dose-dependent manner. AEG inhibited cell
proliferation induced by environmental hormones as a bisphenol A in a dose-dependent manner.
These results indicate that AEG act as anti-proliferative effects as a potential therapeutic agent on pri-

mary human prostate cancer cells.
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9 stifoln W, X, tpAlnt, g S Zo] 4&o® AHEE
T e F2 7' F9 4FoIH20]. FxFdE grdtE
o gFo] 7H B, ¥, @id, Ad 534 2L HES
ekl AT RuHAT14]. dRE YA A £3&
of wjf- o} Fg B YYte =4 Fopa Had HE gle
U, dlz{ 9 g dides diste AxF &
of e Aol dfradh 2 #e Ees AP & F
245 WE, €8 W 2d2HE JAGA 5o 237t A
Slo] B WAS W T2, 11, 19 ZA Y= felvet
ool Y&, AL, Bolet 5 MAAA A EZ3H arach-

idonic acid Y eicosapentaenoic acid 59| E2Z3}A|H4ko] F
Fotn kst FAT 5o ATl i Havt Ho 9

o4, 9, 24], T} APALe] BhF FAH ATE 4B
uu @ AHoln, $4 2R L YR aRELS0 A
RAYT 2e 52E Bd AY5L Yot Yoo @ 4

E'\Q: =2& ET% E]—
Athal B w}i} Azgel dFEa oA R
gol[17].
whebA & ﬂ?ﬂlﬁt Aol ARE ake} o] Aol 7]
A9 FeQl primary cancer 24 S 25 £E|E AU UA
2 RC58T/h/SA#4 M EE o] &3to] BAY7|Z5EH A&
FEEY A BE Fdas 3 apoptosis frE EHE
Astg o, &4 5222 bisphenol Aol 93] AAo] fr &
APAGAZAA mA 7] FZEES A7t AZA%
adAoR AAsteA Lotr gttt

o g

{

of

= U gy

g

oH
A7 FE2Q M=
Ao AHgs mA Y = 2015 Az FET AA T
oA Fhse FHFFE GBS AA T, Az F 294A

< AA E2s I534 T 47‘4?4 %%%{aad extraction of
Gracilaria verrucosa, AEG)2] A&+ 2ol 108 (w/v) &%
01 N acetic acid¥} &&3a Aulol M 72417 FE31e o3}

AR zsto] Aol A&sAt A F FFEE
(ac1d-base extraction of Gracilaria verrucosa, ABEG)S] A Z+
e FEES 01 N NaOHZ F3F HAH3 & FF3}o
2 A2 A A A&kt 2N EE dimethyl
sulfoxide (DMSO, Sigma chemical Co., St Louis, MO)E ©] 4
34 50 mg/mle] ¥EE =9 stock solutions 77} THE
O A4 w22 WA g4ste] A-gstATt

|

ME i
B Ao AHE3 LNCaP# PC-3 AYA dAE A E
-’F%ﬁg(KCLB)Oﬂ A B 2o, primary A AHA A
29l RC-58T/h/SA#4 2 RWPE-1 A YA A 2

for Prostate Disease Research (Department of Surgery,
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Uniformed Services University of Health Sciences, Bethesda,
MD, USA)Z HE £ 1o} 100 unit/mle Antibiotic Anti-
mycotic (GIBCO®/ Invitrogen'™, Gran Island, NY, USA)$}
10% FBS (Fetal Bovine Serum, GIBCO"™/Invitrogen™)7} 3
7+e DMEM (GIBCO® /Invitrogen™)< o] 3te] 37C, 5%
CO;, incubator (Thermo Scientific, Waltham, MA, USA)ell A
Al wlFste] ARSI

ANE ZA AMs &H
UAE S AdA T AE AX Yo gild F3Fe §3
T2 Yehdlo] AZ AHE AT E 8Q3t= W< sulforhod-

amine B (SRB, SigmaAldrich Co., St. Louis, MO, USA)¥ &
o] &3t ZA3S ). Trichloroacetic acid (TCA, Sigma-
Aldrich Co.)oll ¢fal] A& AE¥ well plated] F2EH o
Az 9id i d7]4 ofw 4t 2717} SRBSF A gHéhof
npz ko]l X 2] 8k Tris bufferdl] =0} U9} §F=E Yehd
18], A E 24 A5 ATZ 210" cells/mI7} 5 =2
843} 48 well plated] £F8 thg 37C, 5% CO, incubator
of 4 247 Wl F3te ARE H7beta 4N B¢ AR
oo F8 F 12% TCAS Hol 4CoA AXE 2HA7|1
well& A A& ¥ 04% SRB &S AH7bste] dAstaint. ¢
A FS % 1% acetic acid (Kanto Chemical Co., Inc., Tokyo,
Japan)& A 3}3 10 mM Tris buffer (Sigma-Aldrich Co.)&
A7} 3t SRBE SATh 45 A& 96 well plate®] &7 mi-
croplate reader (Titertek Multiscan Plus, Labsystems, Espoo,
Finland)E A3t 540 nmollA FZFEE A8

UM SHEHO| Zt&E

FAEE 1x10° cells/ml7H HEZ 34 3ke] 6 well plate]
3 o& 37C, 5% CO, mcubatorol]/ﬂ 24 A7k v oF 5}
ANEE well plated] X3t 2447t F2t W A FiT o] F
Ao Fejstd W= 2000 &9 3831 4 (Leica Micro-
systems, Wetzlar, Germany) 2. & ##31 A& &3t Ath

__Hm

Hoechst staining

A ELE 5410° cells/ml7 HEZ 34 3ke] 6 well plate]
B33 th2 37T, 5% CO, incubatordl| A B %3St & A 85
At 4847 ¢k HEe A AT HESo] ZEH ANZE £
73] 200 pl Hoechst 33258 (bis-benzimide, 1 pg/ml,
Sigma-Aldrich Co.)& #7tate] A4 108 2+ FAA 21
* PBSE 23] Al A3ttt dAE AE FFAF o #F
3ttt

Western blot2 0|28t X =X
Western blot< ©] 83 &2 %4 MonolayerZ Hj %3
MEE 025% trypsin-EDTA & 402 A3t single cell®
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BE g o8 HEE T} 1x10° cells/ml7t HEE 34
3t 10 em dishell 3 718k ©+& 37T, 5% CO; incubator®l 4
2447t v ket gl Th. 24417k0] At & 7 dishe] #j g2 A
A% & AEGE T43 52 FHE AR 2349 g
< dishell 7lsta 48417 o ¥SA AT, Hhgo] FEH
dishol A 3|43 M| ZE PBSE 33] A4 & 500 pl lysis buffer
(50 mM Tris, 150 mM NaCl, 1 mM EDTA, 50 mM NaF, 30
mM NasP,07, 1 mM PMSF, 2 ug/ml aprotinin)&  7}3} o]
s A Belstich A2 &3 43} 2xsample buffers & %F
2i 410l 65CollA 53t 32 % 8% 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)E Al
Pttt A7l Bd gele] @S nitro-cellulose
membrane®. & transferdt ¥ blocking buffer (25%, 5% BSA)
Z Aol A 1A17F #-&A 71 ¥ primary antibody (anti-Bax,
anti-Bcl-2, anti-Bid, anti-caspase 3)& 3|4]3a}e] 4Tl A 3%
S A AY. T-TBSE 143t o] A& 3taL secondary
anti-rabbit IgG conjugated HRPE 343t 4T A 147t
HSAZY S £S5 F membranes T-TBSZE 143t o]
A A3} 3 enhanced chemiluminescence kit (ECL kit)E A&

sto] g =EAA 9dS Flstgini13].

Chacoal-treated FBS M=

AT 2L ORRE FEd FAEY F2 A ERE S
AetAth Serum?| TE2# #4& H4 85 7] 9)3he] FBSOl
5% charcoal& * &]3le] 55Tl 4 30% 5 adkgk 3 3,000
rpm, 4T, 2083t YAl &g sto] F5AE Hsta, o £ 23]
HEsle] dE AFE5HE 738 charcoal-treated FBS
(cFBS)E @& F 20Tl A B#ste] AP A&kt &
AzERogHE Ao FEH YA ZE 1x10° cells/ml7}
52 5489 24 well plated] $3§ L 37C, 5% CO,
incubatorol| A 2441 7t ulj &F3ske] 5% cFBS, 5% cFBS+bisphenol
A, 5% cFBS+bisphenol A ¥+ bisphenol A+AEGE FEH =
A7Veta 4847 Bk WS A AT W £8 & 12% TCAES
dol 4ToM AEE 2HANI L wellE A A3 & 04% SRB
Lds Arbsto] GG AT G FE F 1% acetic acid E
A A3t 10 mM Tris bufferE H7}ste SRBE ST 45
HE 96 welldll &7 microplate reader (Titertek Multiscan
Plus)E AH&3t4 540 nmol A FFEE SAHAT

EAANzZ

AdZddes 3 g8 g JF 2 ZFHAZ BASH
on, Zt AYTs gzl g HEEZ YR 4
T 7t SAH F949 i A5 Student's t-testE A

A

Alste] o4 o2 BAATH* p<0.05, ** p<0.01, *** p

Zn g @

AEG % ABEG7I MEIM 2AMZS| ME N0l DIXl= Het
AEG 3! ABEG A 27} AEA Al S4 Aol vA]=
ke x4 F/l:z% og 524 0}7] _rlo}o:] LNCaP, PC-3 Eﬂ RC-
58T/h/SA#49] 359 AP GAH T 72+ FE2ES 0, 200,
400, 600, 800 Z 1,000 ng/ml ¥=2 A st 2443t <
H3A %1 F SRB assayE ©] &3k &2ls}oith(Fig. 1). AEG
= A 5o st APAGAZY F4E Al A,
8], PC-3 2 RCH8T M Z oA 200 ug/mle] F=5E 9
| < B oH LNCaP Al Z+ 400 ug/mle] &=
gAel ANZ =4 AdA &50] Y&& el & 4

MuE a2 =

. ¥k, 200, 400, 600, 800 % 1,000 ug/mle] AEGE 24/
RWPE-1 A JA a4l ol A2t o 222
A E o] HEHA B3O U(Fig. 1), 48 % 7243
39S 200 pg/mle) FEFE FH HEAE
AT (supplementary data. 1). Te}A] 244 2E9] AEG
14 AYM GHE 2L AA st g7} = A

AhE o, RWPE-1 Ao A A9 548 YehA] &3
dA T A MYFHOE AAGE F28
. 39, ABEGE LNCaP, PC-3 2 RC-58T/h/SA#4
A oA AAAATES YEA 234
Do 0[5]# Lee 5[19]& TxFH&NA T8 7
o] YERYH, pH7} Sopd ol me & &

S ds # Aok Eug df Qo ol B AFeA
GAE AH A %S B ABEGE NaOH #3124
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Supplementary data.1. Effect of AEG (acid extract from Gracilar-
ia verrucosa) on RPWE-1 cell growth. The cells were treated with
200, 400, 600, 800 and 1,000 ng/ml Gracilaria verrucosa acid ex-
tract for 48 and 72 hr. Data values are expressed as mean *
S.D (n=3). *p<0.05, *p<0.01 and ***p<0.001 by Student’s t-test.
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Fig. 1. Effect of extracted samples (ABEG, acid-base extract of Gracilaria verrucosa; AEG, acid extract from Gracilaria verrucosa) on
LNCaP (A), RC-58T/h/SA#4 (B), PC-3 (C), RPWE-1 (D) cell growth. Each type of cell was treated with 200, 400, 600, 800
and 1,000 ug/ml Gracilaria verrucosa extract for 24 hr. Data values are expressed as mean + S.D (n=3). *p<0.05, **p<0.01

and ***p<0.001 by Student’s t-test.

A Concentration (ug/ml) B Concentration (ug/ml)
Control 200 400 Control 200 400
600

800

1000

800 1000

Fig. 2. Photomicrographs (¥200) of the RC-58T/h/SA#4 cells treated with ABEG (A) and AEG (B) for 24 hr. Morphological changes
were observed by microscopy at x200 magnification.

A AR BRI HYHORE GAET} F4H =
B25E AT £ 9l9lon, AEGE AP AZE 557 &
obfel wet A7} FREA Zeta RfotRon, AEl
T7 ZaEE e 49T AATHFg. 2). 53], 800 ng/ml
o FEAME A EE A27L JFo] g o Bidte
A& A 4 9ol ¥E ABEGE Al TolAe F)
&2 Wsrl Ao BEEHA %gkon, o] SRB assayst Y
g A% Uit

AEGSt ABEG7I RC-58T/h/SA#4 MZ

ol jxl= ge
Apoptosise
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53], Apoptosis7}
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A Concentration (pg/ml)

Concentration (pg/ml)

Fig. 3. Nuclear fragmentation induced by ABEG and AEG for 24 hr in RC58T/h/SA#4 cancer cells. Sample treated or non-treated
cells were washed once with PBS and stained with 10 pg/ml of Hoechst 33258, and finally, examined by fluorescence.

o 3 P E BFe AT (Fig. 3). HE2TAAE A=
o] &4Fo] RAHA GRoy, AEG AsE7F F7HE
w2t DNA Ago] o3 g2 359 FE <l apoptotic
bOdy7} S7bete s Yt 53], 600 nug/ml ©]/d9

SoflA AE = 2 apoptotic body?] 7171 &8 #F
54913} §¥, ABEGE Aed AxdAE g9 F5& F=
32 Ratdon ol B3l Fig. 1 2 29 A#9} npziriA =

Az Aol dFE MAA Xt Ae 3&“’]@ 3
Atk weA AEGY A el wE °”1| LOWIE-‘/]"‘
apoptosis 7% YHE #Ho] = A R he

AEG7} RC-58T/h/SA#4 MZQ| Bcl-2/Bax family &
8i0fl oxl= F&
AEG A gl o Al247% A ek A#E apoptosis frE
o 9T F= AAYAE FUs7] 938k, apoptosis] T
AYFo dofste x4 23 ddS Fls gt Apop-
tosis %2 ZA mitochondrial pathwayety &7 in-
trinsic pathway®} death receptor pathway® 4217l extrinsic
pathway 2 0] JTH[8]. 53], apoptosisE #=3t= HAl
S d 2 A2 Y mitochondrial pathway®ll 38t Bcl-2/
Bax family® € 4 %t Bcl-2& anti-apoptotic AAZA &
H]EQI apoptosisgl A A 3= W pro-apoptotic YA+ Bax

apoptosis® FE3te H&S 3 FT[15]. Bal-2/Baxs

z4& 53 cytochrom ¢ &9 4 o] mitochondria® FH A
AR WEHI ole FFAALAS] p53 P caspase 57
-2 endonuclease 59 &4< 2Esto A E A7} AHE
< fFETTH28]

AEGYl 9 A YA A 29 apoptosis =7} Bel-2/Bax

family] T4 g siol FAE o] Q=4 E western blot
& 53ta] #913 AdE Fig 49 2t} RCH8T/h/SA# Al E
of AEGE % EE Astis v Bax®] 2L w59 &F
08 Z7}shE e Ba2o] ML ZamE Ao Vet
(Fig. 4). w2hA], RC-58T/h/SA#4 YA FHE oA

AEG A2 3% YA E Z2
Bol-2 Ao a4l Bax ©
el 4 st

A 2 apoptosis frEE I &
o) STk #¥ol e

AEG7t RC-58T/h/SA#4 M=ZS
0xl= H&

Apoptosis = 8% FAHAJARE ZE3t= caspase
protease= M 3 U A &3} mitochondria &2l €0 &
3 4 HlRl pro-enzyme HE|E EA 3 TE7L 959 death sig-
nal®| 1} endoplasmic reticulum stress 2] Aol <3 243
gye A2 ¢EA 6] YA O E caspase-92 mi-
tochondria®l A1 8% cytochrome ¢} 2% 3t apopto-
somes 343t apoptosisE =31l caspase-8& death re-
ceptor®] &3 243l o] HFH O T caspase-39] A IE
53l apoptosisE fr=3HTH1].

RC-58T/h/SA#4 M o A AEGE] A elo] €3 caspase-3

| Caspase-39| M0

AEG (pg/ml)

0 200 400 600 800 1000

Bel-2 | D G W — — — ‘
Bax | o — — ---‘
Procaspase-3 |”“-  — _‘

Cleaved caspase-3 | e gm— a— -“-‘

factin |- — — — — ‘

Fig. 4. Effect of AEG on expression of Bcl-2 family protein and
caspase activation in RC-58T/h/SA#4 cells. Cells were
treated with AEG for 24 hr. Bcl-2, Bax, Procaspase-3 and
Cleaved caspase-3 activation was assessed by Western
blot analysis. Cell +lysates were subjected to 12% SDS-
PAGE.
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o $4WHE HAF A%, AEGE AT ZAA FEIE  Kwon S[17]¢ B 448 F229 A7 94 x2E
# © 2 procaspase-3& AW /H active caspase-37} 57} o8 FAol FEH Y FAE 2 AP G E F2
T A& AT & AATH(Fig. 4). ©o1H T 275 T3 AEG < gAdGL B son, ol f2F FEE] EAES
o A dAEY SA A H apoptosis FEEIHE cas- ZEA G APAGA Y vBFHA F4E JAT +
pase-3 A AT ARS 7HITE A FAT F YN Athe A& AT

EAS2EE ANalst RC-58T/h/SA#4 MZ0WA AEGE ZIAlel 2
2MZ Z4 AmED

FFLEES F71 84, S22 59 AFFFEEAA B ATFe 2SR AGYAZAYGAALHoE 5
HAskE o BetEd 9 SHUE AWE %017}/‘1 = gatgi7]oll olo ZAEHUG
I frAre 8-S st WEHA Y 1ds 4073 229
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