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Anticancer Activity of Methyl Gallate in RC-58T/h/SA#4
Primary Human Prostate Cancer Cells
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Sung Tae Yee4, and Kwon Il Seo”
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“Research Institute of Basic Science, 4Dept. of Biologyand, and
‘gDept. Food and Nutrition, Sunchon National University, Jeonnam 540-742, Korea
I Jeonnam Institute of Natural Resources Research, Jeonnam 529-851, Korea

ABSTRACT In this study, we investigated the anticancer activity of methyl gallate (MG), which is the major bio-
logically active component of Galla Rhois, in RC-58T/h/SA#4 human prostate cancer cells. MG inhibited cell pro-
liferation in a dose-dependent manner. Cell death induced by MG increased the population of cells in sub-G1 phase,
formation of apoptotic bodies, nuclear condensation, and DNA fragmentation. Apoptosis induced by MG was associated
with activation of initiator caspases-8 and -9 as well as effector caspase-3. Endocrine disruptors such as dioxin and
bisphenol A increased growth of RC-58T/h/SA#4 cells in charcoal-treated FBS (cFBS) medium. Cell proliferation
was highest upon treatment with 1 nM and 0.1 pM dioxin and bisphenol A, respectively. MG also dose-dependently
inhibited cell proliferation in RC-58T/h/SA#4 cells treated with endocrine disruptors. These results indicate that MG
exerts anticancer effects on RC-58T/h/SA#4 primary human prostate cancer cells.
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2 W)= (Galla Rhois)&= 24}
of A5 o] e F
7l - vhet ZHA| e 2
g, A9, AYg, By AA 3, s, w2l vk 7

A= AHgEA g 2 uztel

ARG D 22 Z9 AE

=4 =~
FAEL methyl gallate, gallic acid JJr & pyrogallol
tannin®. 2 2 A THR). L ujA}e] H= wapo gy 3}
e e 2 g+t €409,10), Al = (11)°ﬂ 73 ATE
o] At}

oujALe] =2 A E-2l methyl gallate(MMG)E methyl-
3,4,5-trihydroxybenzoic acid® ¥wWHH 0 2 gallicin®] 2}
3% gk}, MG solvent extraction, ultrafilteration, mo-
lecular sieve chromatography, reverse octylsine HPLC
o oate] HAENA 5 kA THI2). MGl gk A
7 g4 dF2E= oy 2 FA(12), 323 F44(13)
9 g ad14), TAGAE A AR a5 sol B
N

253 Qiek, MGol et 484 Asol AgE L 9o
o OiREe] @bel 2 A Est ol g dEsue] 219
93 glor] gAEe] F4 AR L AE AR 1A
BAG Fohastel e AT v ES Ageln,

Lol
wheta] B ol A= methyl gallate®] Q1A @A <o
A ZZ(RC-58T/h/SA#4)ol tgt 24 A a7} & apopto-
sisE& B AME7 Aol diste] ZAFSFAT

Mz 2 Gy

UMIE HHY L methyl gallate 2|

2 Adde] AREE QA g dd AlEFQl RC-58T/
h/SA#4+= Center for Prostate Disease Research(De-
partment of Surgery, Uniformed Services University of
Health Sciences, Bethosda, MD, USA)ZX-E Efito}
Ao AFg3FE o™ 100 units/mLe] Antibiotic Antimy-
cotic?} 10% FBS(fetal bovine serum)”} %715 DMEM
A& AFE3FATE dAIEE 37°C, 5% COs incubator
(HERA cell 150, Heraeus, Hanau, Germany)ol| A 5 2~3
3] 0.25% trypsin-EDTA & o 2 Ahujf sl AL-8-3}
Ao passage number”} 103] o] A uwj: #| 7|8l AY
2L MEE A wigste] Agstsith. Methyl gallate
(MG)+ Sigma-Aldrich Co.(St. Louis, MO, USA)ol A
doto] oflebE= &3lste] = Aol ARSIt

Charcoal—treated FBS M|Z

Serum® TEE AL H 234817 Y8t FBSOl 5%
charcoal& *&slo] 55°Co A 30+ &<F sk 3 3,000
rpm, 4°C, 2087t 942 3t A5 dE FHsI L, ol &
23] WHEsle] J& A5 8-S 0.45 pm micro filter2 o33}

=gy o] dE - AEd

o] charcoal-treated FBS(cFBS)E ¢4&
#ste] AFeo ARE-SHITH(6).

% -20°Cel A K

AMEZ SA AX S}

Monolayer® A& dHX AdHEFE 0.25% trypsin-
EDTA &0 2 #23}] single cell2 ¥HE $ HF 5=
7} 1X10° cells/mL7} ¥ == 34510 24 well plateol] &
3+ o} 37°C, 5% CO; incubatoroll A 2413t &9 Hlj ¢k
& 5, MGE s % H7bsto] 24413 vEGAIA A
J, A EE sulforhodamine B(SRB, Sigma-Aldrich Co.)

cell counting W 93t F43F5vH(17,18).

Aﬂo

SEfEH mHEt

Monolayer® 8] %3t RC-58T/h/SA#4 AIXE Z well
I 1x10° =2 6 well plateo] F3F3 24A|7F vk &
MGE =82 AT ste] 2413t F<k v gtttk v ool
289 & 94 A A(LP-1, Leica, Wetzlar, Germa-
ny)& o|-&3te] ot AR Tl Fujshy] wals #
Zakdrt.

Sub—-G19| &2 =3

Monolayer2 H] s RC-58T/h/SA#4 AXE 0.25%
trypsin—EDTA &Moo 7 &3] single cell& e &
HjoFol o 7 HEEw7F 1x10° cells/mL7t =2 345}
o] 6 well plateo] £F3F t}2 37°C, 5% CO» incubatore]]
A 24417F W F3FATE. 241 7ko] Ak & ZF well®] Hj gl
S AAZ T MGE 5EHE welldl x8]s}e] 24413 ¢
HFAIZ] & 3]3tQlT). 318 Al E PBSE 33 A& 3}
e HE AAT i A7HE- 70% d¥E 5 mLE 7fst
4°Cell A abF &t A A E AEE 33] Al
3l3 0.1 mg/mL RNaseE A g|slo] 37°Col A 30&3F W5
AT WS £8 3 1 mg/mL9 propidium iodide(PI) &
Ao 307t AT A AlE e Flow
cytometer(EPICS XL, Beckman Coulter, Brea, CA, USA)
sto] AlEF7]E A8 TH19).
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£ o] &

SEH =

RC-58T/h/SA#4 AEZ 1x10° cells/mL U=
3k T} 37°C, 5% CO: incubatorol 4] 24 A3t 0l 3t
MGE sEH= A ste] 24217 mj sl vide] T 5
# wellol A 3|43 A2 PBSE 33] A& 3}al Hoechst
33258(Sigma-Aldrich Co., St. Louis, MO, USA)S A7}
sto] AZolA 202 GAg 5 G Ao HEsgih
(20).
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w7} 1x10° cells/mL7} 5| =2 3]43}o] 6 well plated
¢ b5 37°C, 5% COg incubatorol| Al 2442+ vl 3}
Atk 24X o] Ak 2 7} well®] wjFAE AT & MG
SR wello] A 2lste] 24A17F O vl A 2T Al
FAs &3 4FA(ysis buffer) S H7}se] 303
Ao MES GalA7]aL, 200X goll A 107 A2
3t} 100 ul9 coating solution(biotinylated anti his-
tone)& 96 well platedl] &3t F2ZAIZ1 £ 100 pLe]
L3217 45 N3} peroxidase-coupled anti-DNA anti
bodiesE =2 H7Fste] 907t -G A T wk3-o]
7} welloll 200 plL¢] washing solutiong #F3}e] 33] A
23}, 100 uLe ABTSI[2,2' azino-bis(3-ethylbenzo-
thiazoline-6-sulfonate)] 7] & (substrate)& #7}3k¢] 20
7F RE$A1Z1 ¥ microplate reader(Thermo Scientific,
Waltham, MA, USA)E o]-&3ate] 3H¢ 405 nmol A F3%=
£ SASIATHED.

H

‘

TR

{1

Caspase M &H

Caspase?] &A4]2 colorimetric assay kit(BioVision,
Milpitas, CA, USA)Z A zAFe] W] whet =483t}
Z monolayer® H] %3 RC-58T/h/SA#4 AEE 0.25%
trypsin—-EDTA &M o2 xg|5to] single cell£ HHE & uj
kol o 7 34%-‘51—1-7} 1><107 cells/mL7} | E5& 3]2]3}]
10 cm dishell # 2 37°C, 5% CO3 incubatorel A
24117 v ekl ‘31r. 24’\] 7P°] Ak & 7t dishe] wjgHS
AAS & st o] MGE disholl A g s}t 24’\]7&
o WA Z T W-o] F849 disholl A 853 A ZE PBS
2 33 A3 & e dS AlAT Mazd 50 ul lysis buffer
£ H7tste] &3)81az, caspase-3(DEVD-pNA), caspase—
S8(UETD-pNA), caspase-9(LEHD-pNA)2} dtA 37°Cef
A 2A1ZF ¥ A o 2 wdkEt ). vk f}i % 96 well plate
€ microplate reader® 405 nmolA SFHEE FA 5]
24 AE=E FAATH22).

mlo\

Caspase inhibitor &X =X

Monolayer® Hj %3t RC-58T/h/SA#4 AXEE 0.25%
trypsin—EDTA &N o2 &3} single cell& ‘?}E <
Hjkol o 7 HFF7F 1x10° cells/mL7t H =2 345}
o] 24 wellel £58 T d5d& B AAstL MGE
A2 &t7] 2A7F Aol 2 pM2] caspase-family inhibitor
(z-VAD-fmk)7} #7Hel Wi A& A el ste] 37°C, 5% COz
incubatoroll A Bl ksl 2417 & MGZ %Etéi =
shaL 24 A7 ¥ REEAIZATE Wh-go] FRE £ 24 well9
MEE 7381 trypan blue £ 07 A AFlo] A= A E
9} F& MEE 27} countingdhS tH(23).

Western blotS 0|2¢t CHHiEl =X
Monolayer® w43l Al X = 0.25% trypsin~EDTA &

Ao 28t single cell2 THE & wjgH o7 FHE 5
=7} 1x107 cells/mL7} ¥ =2 3]4]81¢] 10 cm dishel %
7}ak k- 37°C, 5% COs incubatoroll A 24 A1 7k v %313
o} 24A)3Fo] Ak & 7} disho] wiFl& A7 g & vhgst
FEE FH)8 A 87 235 A v HS dishol] F7Fsta
48A)1ZF B vk A AT, vkS o] Z5 9 disholl A 3538k A
¥ Z PBSE 33] A&l & 500 pL lysis buffer(50 mM Tris,
150 mM NaCl, 1 mM EDTA, 50 mM NaF, 30 mM
NasP207, 1 mM PMSF, 2 pg/mL aprotinin)& 3 7}s}4]
oA &5t} AlxE 83N 2><3ample buffer&
o g Ao 65°Col| A 5E7F 22 3 8%} 12% sodium
dodecyl sulfate—-polyacrylamide gel electrophoresis
(SDS-PAGE)E A3l 27|50 1t gelo] w9l
A& nitro-cellulose membrane = transferd+ % block-
ing buffer(2.5%, 5% BSA)Z 4204 1417+ vkgA1 71 5
primary antibody(anti-PARP, anti-Bax, anti-Bcl-2, an—
ti-Bid, anti-cytochrome c)& 3]43}o] 4°Coll A 3% &
oF vk A AT T-TBSE 143 o)A A28l secondary
anti-rabbit IgG conjugated HRPZ 3|41 5}e] 4°Coll A 14
7 gAY ¥ $ 8§ membraneg T-TBS®E 1417k
o]} M #3}a enhanced chemiluminescence kit(ECL
king AH&ste] dEol wEAA vl S glskTH19).

SAXM

AP ANE A+ FFAXE FAsQ 0, 72t AT
S gz sk WEEE ep ik ZF o k] SAA
FIA el 3k A5L Student's —testE o]-&3fo] FolA
AH-E A3 THFK0.05).

Methyl gallate2| RC—-58T/h/SA#4 UM|Z2| FSA| AX|
k=anl}

MG7} Q1A A A9 AIESQ] RC-58T/h/SA#4 Al
Aol o] sk J S X=X E trypan blue assay =
o] gAstATHFig. 1A). W FT YA E MGE F=E=
Ak 7 2473 o MGFAIZ AT = &4 Oi A
x| FAE AT E & U 53] 250 uMe]

ol A ¢k 60% o’ AHEE 2 ¢
2347t S-S & T AT wEkA MGE QIAl A8

(e} 2~

mlm kel
1o,
0 olN

sh4 Mk selelr] 98 s R MGE xqao}oq 24 A)
ZF ke & 7F mrde sk ¥sle dngos BEs)
AtHFig. 1B). F A2l 4 well plateo] g4 0w
FAEo] AdH Q] FAo] o] Folxl Bl Wk, MG~ 2
2 o] 4SS wE gEH R AE FAo] AN
v A Z7} well plateZH-E] Ha]5]o] kool F43h B



370 HAEA - o] F3) - A
(A) 40 80
35
1
—~ 30 60
5
=3 3z
x 25 =
> @
g 20 40 3
3 10 i 20 °
5
(] 0

10 50
Concentrations (M)

(B)
"“

Fig. 1. Effect of MG on the viability of RC-58T/h/SA#4 human
prostate cancer cells. (A) Cells were treated with MG (10, 50,
and 250 pM) for 24 hr after which the viability of cells was
determined by trypan blue exclusion assay. Data values were
expressed as mean+SD (n=3). Significant differences were com-
pared with the control at P<0.05 using the Student's r-test.
(B) After 24 hr incubation with 50 and 250 uM MG, cell mor-
phology was visualized by inverted microscopy. Magnification
X200.

Control 250

otk mR AEE AT B A3 A7)7} ol E 4
& v Fof mol AES] Aol ol FolYE & & Uitk

Methyl gallateZ7t RC—58T/h/SA#4 M|Z2| apoptosis
ol O|Xl= &

MG®] A el w& RC-58T/h/SA#4 AE9] ApEo]

A E Y

(A)
7 ‘ ‘
25

Q)
=

o] e - A
apoptosisdl] 93l FE5% =22 Hoechst 33258 A&
gk 3 #z sub-Gl % W3l 9 DNA #4% ¥is)
Z3) A5kt WA RC-58T/h/SA#4 A
9 250 UM FLE 2 H7tsle] 24 A7k wjgE &
Aalse] slo) g Wi

o offl

=
=

o MGE 50

2 Hoechst
A2 A G (Fig. 2A). & E2T

o e &4 glol Felsk AAT W, MGE AT 2o
e £ ol daE % e, apoptosis®] 54 F skt
2l apoptotic body7} A€ A& @& 5 At E
MGell Jal] =¥ apoptosis =& FFA o= 24 87]
Qlstel MGE w2 2447 A elstar Pl A ko= <
AAA sub-G1e| ¥ H3E flow cytometry® 4319
th(Fig. 2B). 4 A3 MG9] s%=d &4 2= sub-Gl
FteFo] Zrbatgl o, 53] 250 uMe] FEAAE sub-Gl

gheko] ok 19.4% =2 71819tk Han 5(24)] wEwW py-
rogallol®] 1A #H ¢t M 3EF21 Calu-62] ME2] sub-G1¢]
6}& Big].i z:x% 734/} = _41%43; Sub—Gl-O/] @-%‘t
o] Z7Fetha W skt MGE A 2ldl upgl RC-58T/h/
SA#4 A3 A apoptosis7} X 3E wf AEZA YEIY=
DNAS] £4& AFH o= 2243817] 93 Cell death de-
tection ELISA™™ kit(Roche, Basel, Switzerland)& ] &
3 tH(Fig. 2C). RC-58T/h/SA#4 A X MGE 50 ¥
250 M9 sE=E A o, 242 gzl vlag
ggkel 747k 1.64, 1.88=2 WERRLTE. Saeki 5(25)2 2t 7h
Bl A Z2H = LEske] QIA Ak 4A|
xo)] AHeElgk A7} DNA #do] dojrtrta ®Hisla glrh.
e ARES TSI B uf 2 AP AMSS EElHE

h=] = O
EHES

A ggHEol MGl Aol W& RC-58T/h/SA#4 A E 9]
AP apoptosise} Aol AS5S & & AUTH

Fig. 2. Effect of MG on apoptosis in

(B)

" Control

sub-G1 (%)

(©)

DNA fragmentation

1
0'5 J
0

Control

50
Concentraion (M)

250

Control

RC-58T/h/SA#4 human prostate can-
cer cells for 24 hr. (A) Apoptotic body
formation was observed under a fluo-
rescent microscope after Hoechst 33258
staining (magnification X 400). (B)
Sub-G1 content was detected by flow
cytometry after propidium iodide
staining. Significant differences were
compared with the control at "P<0.05
using the Student's #-test. (C) DNA
fragmentation was measured using
cell death detection ELISA™™ kit. Data
values were expressed as mean+SD
(n=3). Significant differences were
compared with the control at "P<0.05
by Student's -test.

50
Concentration (uM)

250
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Fig. 3. Caspase activity in RC-58T/h/SA#4 cells treated with
MG. Data values were expressed as mean+SD (n=3), Significant
differences were compared with the control at P<0.05 by
Student's #-test.

Methyl gallate0f 2|8t caspase &M

MGE A 23t RC-58T/h/SA#4 AX2] Abde] 9l
caspase-3, -8 ¥ -9¢] &4 o5& colorimetric assay
kit(BioVision)& AH&-3ste]l F43kthFig. 3). 5 MGE
RC-58T/h/SA#4 Al 10, 50 2 250 tM F=2 A 23}
o] 24A17F wjekEt A kitE ©]-&3}o] caspaseEd A4S
543 A3 v oE&H 0w Ao Ttk b AF
st A E v o= MGE A 23k RC-58T/h/SA#4 A|3Z9]
apoptosisi= caspase?] &4 o3& FEES F5&
AT o]= A2l y] 95te] caspase inhibitordl z-
VAD-fmkZ A 2lslo] 22189 th(Fig. 4). RC-58T/h/
SA#4 A EZE v]Fste] z-VAD-fmk *&]-3} F A 2]l
MGE F=H= A &
SAg 43 F AT

trypan blue assayZ® ©|&3&}o]
749 50 ¥ 250 uMe] F o)A

-1 O
E2 AMEES HYoy, AT A9 F Aol vl
So AEHES YEMATLE 9 AFE Fste] MGl st
oAl AEA IAIES] apoptotic H]E /\}“é =7} caspase
g AR o AdS FTHE = AUSTh Kang 5(26)2
resveratold RC-58T/h/SA#4 primary A HA ohA] E o

50

40
:’é 30 i
=
3
g 10

0

Control 10 50 250

Concentrations (pM)

Fig. 4. Effect of caspase inhibitor (z-VAD-fmk) on cell death
induced by MG. RC-58T/h/SA#4 cells were preincubated with
10 uM z-VAD-fmk for 2 hr and then treated with various con-
centrations of MG. Data values were expressed as meant+SD
(n=3). Significant differences were compared with the control
at "P<0.05 by Student's #-test.

Cont. 50 250 pM
pe— 116 kDa

PARP
m——— 82 kDa
B-actin |* e 43 kDa

Fig. 5. Effect of MG on the PARP cleavage in RC-58T/h/SA#4
cells. RC-58T/h/SA#4 cells were incubated with 50 and 250 uM
MG for 24 hr after which cells were harvested and lysed. Protein
lysate were subjected to 12% SDS-PAGE and then immuno-
blotted with corresponding antibodies.

24X 7 A 3RS wf 100 uM o)A ETol A Tz
H|3)] oF 1.58] A= caspase?] &Ao] F718Fittal Hais)t
A=

Methyl gallateOl 2|8t PARP CHEHE! Hisio| 5|
MG7} RC-58T/h/SA#4 A|3E0l apoptosisE - =3F+=4)
#sts WA F/FE Lol 7] 93 western blotH
S Al &}Sl ). Effector caspase?] caspase-3+ PARPS}
2o G A =9 cleavageE 5319 apoptosisE =3
tH(27). MG7} PARP w7 o] 9o cleavages =3}
04 apopt0313a frEstal=A E1g A3 Fig. 59 2t
GE A g sA &2 45 cleaved PARP7} & & X
?LOLP 50 % 250 uME A& %% cleaved PARP7}
dHANEE &l o} =2 x4 cleaved PARP
o] Fobxl tpéﬁa T ATt Chen 5(28)2
ZFARLR 2 5 %ﬂ% polyphenol 3}3E5S A
b A 3E<21 HL-60°1 4ﬂ5}°3 < o 50 pg/mL o]’do] =
oA caspase-3¢] &S F=319% 2™ cleaved PARP7}
L H AT Bkl Fﬂri}/‘i MG+= caspase-32| &
S 3o ZM cleaved PARP W2 o] vt & F71A]

7 apoptosisE FE=FTS 215

o mE &P _11

ﬂl

Methyl gallate0f| 2§t Bcl—2 family THEHZA! Hi5{o| 3|

MGE RC-58T/h/SA#4 A3l A 2]38t3l& @ apopto-
siseh 7HE BT AL 7HA = S E ] Bel-2 family
kg o] wkao) o gk-S WX =X]E western blotHS &
3 8213}t (Fig. 6). Anti—apoptotic ¥A}Z 4] apopto—

sis®] & JAEE 715& 7 Bel-2 v A o]
MG s=7F obd 5 Fo] 53121, pro-apoptotic w4+
%A apoptosis? FES =5+ Bax @d o] utg o

L7t FolASE FUHEE gt e E4dste
caspase—8< Bid @& 9] cleavage® FX=3}10] tBid ©

WAoo S S/ B E Bid 9HlE e MEZE
otz o]§3dte] cytochrome ¢ @ E o] W&ES FE=3t
o]Z Elstr] ¢35t Bid @& 9] cleavage?} cyto-
chrome ¢ @92 9] wl& S 313t 734/} 7} HolALE
tBid ¢ 2 o] w0l *57}0}03 o w3 cytochrome ¢ T
o] whelo] Fkel S-S E<letith. Hong# Kim(29)
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Cont. 50 250 pM
Bax — —_ 23kDa
Bcl-2 — 26 kDa
Bid ’-Q 22 kDa
t-Bid . — 15kDa
Cytochrome c 11 kDa
B-actin — 43 kDa

Fig. 6. Effect of MG on the levels of Bcl-2 family proteins
in RC-58T/h/SA#4 cells. RC-58T/h/SA#4 cells were incubated
with 50 and 250 uM MG for 24 hr after which cells were har-
vested and lysed. Protein lysate were subjected to 12% SDS-
PAGE and then immunoblotted with corresponding antibodies.

& olA FHkel AEe

o} Al X2 MDA-MB-231¢]] epigallocatechin
gallated A#]39S W Bel-2 family @2 <l Baxe}
Bel-29] ¢z ‘ﬂeL S A3 o 24 apoptosis

S AR APE S doittar Bastal Qi 919
3 MGE Bel-2 famlly chld o] Wb o) o gk
58T/h/SA#4 A|E| A apoptosisS L=

AUt

!

A T T ]
O

&

offl o

[e]
Py
<El
=z
T

AW

(e}
A=

Methyl gallate?| Xz2|ofl mWZE &A s=22o0| Xz|€
RC—-58T/h/SA#4 M= S AXN|S0}
AHA FAE 4 T2 #2] dioxin bisphenol AS
228 AAZ wjA ] z}2 1 nM¥} 0.1 pM«] T2 A
Fo] RC-58T/h/SA#4 /‘]g—é— o MGE ykst
2 Ayt 72417 T MEAA F2A dAEHRE
A HFig. 7). L 7ﬂJJr dioxin¥} bisphenol AS ]
RAA R EX R Ao FAE A8
Bt 53] dioxin¥ bisphenol AE &3 o

0 uMe] FE=olA £2 &S YERHUTH Kwon

= A) /\]

ol

oBi I-H

}

Bl eot v of }olv

- mﬁs‘é

A
1}
25

(A)
08
06
04

JII[

0.2
1% cFBS dioxin

Absorbation (540 nm)

dioxin + 1% cFBS + MG (uM)
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