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Abstract

We investigated the effect of gingerol (Zingiber officinale Roscoe, Zingiberaceae) on Bcl-2 and Bax
expression in MDA-MB-231 human breast cell lines. The oleoresin from rhizomes of ginger contains [6]1-
gingerol (1-[4’-hydroxy-3’'-methoxyphenyll-5-hydroxy-3-decanone). We previously reported that [6]-
gingerol inhibits cell proliferation in MDA -MB-231 human breast cancer cell lines. In this study, we examined
protein and mRNA expression associated with cell apoptosis in MDA-MB-231 human breast cancer cell lines.
We cultured MDA-MB-231 cells in presence of various concentrations 0, 2.5, 5 and 10 uM of [6]-gingerol.
Bcl-2 protein and its mRNA levels were decreased dose-dependently in cells treated with [6]-gingerol, but
Bax protein and its mRNA levels were unchanged by [6]-gingerol treatment. Bcl-2/Bax ratio was decreased
in a dose dependent manner treated with [6]-gingerol. Caspase-3 activity was significantly increased dose-
dependently in cell treated with [6]-gingerol (p<0.05). In conclusion, we have shown that [6]-gingerol induces
apoptosis in MDA-MB-231 human breast cancer cell lines.
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Telvtetel A Aaf Al 199+ ge] AR|saL gl
o, FToll= A, ARG, e, 2bgeke] whye] &
7hstar Sl FAleleh. 53] oo AA fuehe 714
HEAEE telrl(l). oFe) ol A H 9l 8.9l9)
90% 2Hg-3he, oL Fell A= Al Ee] F23 810
=3l 3eh2,3).

A7H(Zingiber officinale Roscoe)< 7=, Azt 34215
+2, BOOF 5o AEE g o] 8H 1 gl gl
A= AAA, TE, 55, AL 5 X EA 2 AREA R o] 4
Hol &3 oleh4). A7 e el A AFEE A
FZ% 3l gingerol®] DNA &4 A 2H8-(5), FofdA 2
a2 2867, AW AAA s ZIH4), FAakstA 242 =}
4 FFALR) o] Hmxfe] gl

A7kel AR S FEEQ oleoresind 457 FF-ol
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oleoresin-2 gingerolF, shogaolF-, de-
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hydrogingerone 5% ¥-#3t1 91.2™, oleoresine®|
u)-g-ut A £-2) gingerol<> o-methoxy phenolic Pﬂ—?{}gi/iﬂ
6-gingerol, 8-gingerol, 10-gingerol¥ -2 aromatic ring
o Aol7} t}E alkyl X|#AE 2= F=A7F EA7CH9)

A Z 2] FL(cell death)-2 A EAPE (apoptosis) T Kﬂ:tﬂ
AHnecrosis)® VHd 4 sledl, AxAELE Agd Axe
Z-2(programmed cell death)s} 22 2w & A}-8-¥lt}. o]
AL AAEE- 918 A Ze] RAAQl Ao A E vheft
Az A2 o3 2dAd10). AEAPEL 449
iAol ojgt o ¥A AR} vl EF = oS Afdhe W
2 AR T 74 e o] FoiAn] F AR BT cystein
protease®] AZql caspasefAo] A4l Ao ubd
th(11). MlEZ=g|olE ARl AlZAPES 2A AltA
2ivE s Silﬁtﬂ A 74 9] (commitment) A o]}, A E
74 &tk 50 28 AAsted M Fog °—:‘1§*‘L 3=
Bel-2 family+ folicullar B cell lympoma$] €4l =
sh-fA Ak z A A = 9 eH(12). Bel-2 family= ZA| /‘ﬂ:f-_ }
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3t FAAHH EA 22 Bax)2 Wi Alth(13). F i A
Al E§EE} of el A8l wAlo|c}, nlEZ=a]o} 2
ojuf AMZW &Aool &5t Bel-2 ALY §-A2)
apoptosis® 23} 2~ 9% 4] apoptosomes 7433}

FAZE = AEe Aol A3 A E HAshe A XU
e 9 3hg Td3tcl(14). A5 2] vix e A= cas-
pase(cystein—aspartyl-specific—protease)2] A4 o)t}
Aot AlZA o] whalal & 238l caspase® AA
2 AZEAME S F5ts FA) He S EHELERA
49| active siteell cysteine] ¢lo™, 7] "] F = target
a2l ) 5413} aspartic acidE 1A 5} wlZ )89 o}
"4 Ak Adsls 540 tH(15,16). ApoptosisS ¢ 8
o] Folx 2~3719] caspaseZo] #HEE o] 2431 up-
caspase-2, 8, 10°] #o3}w, down-
stream caspaset caspase-1, 3, 6, 7, 9 =] ItH17).

A7Fel vEgt AEFeA FakslEe] Holud [6]-gin-
gerol- A7 o2 weldAboll 4] ¢}2) promotion THAIE <
A 3h (18), AF o B16 melanoma cell- ©] A5}l < o =)
2 AolH e Ag A RuH1vH19). =3, gin-
gerol= v} k% HL-60 celloll Al Al ZAbE-& §3he], AF
2 Al E£<] JB6 celll A AAER BA 3} AP-19] 2AS

A gtz B wslgeh20). 2=l [6]-gingerole] §4kat
A E A A ZAVH ] wlx &= gk g A= v A%
Aoz wasE Tz gl

aeleg, B A= [6]-gingerolo] Al EAVL ] o &
= FIREA Gotrs] 98 NEAPD S JASE Al
Bc1v2ﬂ- A ZAPE S %3} Bax7} [6]-gingerol®] # ]

Lol met gl Wyl S wAEA] dopr

] i 2] mRNA 4%l = [6]-gingerole] &
=2 Adgstodon, A Zz:Alg ] whx)9 w1A| <] caspase-32)
ZHA=E A8
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AA et Al EZF MDA-MB-2312 American Type
Culture Collection(ATCC, Rockville, MD, USA)eil 4 313}
Aok AlEs F4/3 5% COy, 37°C incubatorel| 4] Dulbecco’s
modified Eagle’s medium/Ham's F12(DMEM/F12, Gibco/
BRL, Gaithersburg, MD, USA), 10% FBS, 100 units/mL
penicillin, 100 ug/mL streptomycin{Gibco/BRL)e] ¥ 3}=]
25 wx]g-H-E e kst A E7T 80~90% A=
%234, phosphate buffered saline solution(PBS)2_ & 2w
Aol 3L trypsin-EDTA(Gibco/BRL)S A &]3te] A| 2=
22 F Aokt vl = 2~3dvbe} kel [6]-
Gingerol(Biomol, Plymouth Meeting, PA, USA)< etha-
nol(Fisher scientific)el] 100 mM £ stock& ®FEo] Y% B

137
Hale] ALg-std 7 WFETE £35to] ZE well?] ethanol
FEE FAdsA sl

T abe)

A EZAE 3 = Bel-2, Bax @Al o) w38 Western
blot& 41 A 8}e] etolwm gkrl. MDA-MB-231 cell 1x10°
cells/mL®] FEZ 100 mm dishel] #F38}3 4847k 34|
SFM(serum free medium) 22 ]| & w31 24X 7t &
SFMel| [6]-gingerol= 0, 2.5, 5, 10 UM ¥E2 XHr}sto
treatment £ %8 9HEo] mediume 333}odc}. 4847 &
o] SFMel| [6]-gingerol-& 0, 25, 5, 10 uM FE=2 #H 713k
A 22 treatment SN 0.2 WIS}, 24X 7k Foof] A7}
rinse buffer(PBS, 1 mM PMSF, 1 mM sodium orthovana-
date)E o]&3}e] A H S} cell2 =o} 1000 rpmel|A] 5%-7F
LA &gl stedct, 27FE- lysis buffer(137 mM NaCl, 20 mM
Tris-HCI, 1% Triton X-100, 10% glycerol, 1 mM sodium
orthovanadate, 1 mM PMSF, 20 ug/mL aprotinin, 10 ug/
mL antipain, 10 ng/mL leupeptin, 80 ng/mL benzamidine
HCDE 1 mLA o] 40%7F 4°CollA incubationA| 7] Z,
12,000 rpmel Al 108-7F 941 823
2 Alg-elgich oA AwE T 4-~20% gradient sodium
dodecyl sulfate polyacrylamide gelo]A] whufzlg Rz]glh
% immobilon™-P membrane(Millipore, Bedford, MA,
USA)e] transferdldt}. Membrane® blocking- 5% skim
milk”} &% TBST(20 mM Tris-HCl, 137 mM NaCl,
0.19 Tween 20, pH 74)2 A9l 4 1417} incubationdt 3
ol W 772} sl WA L] antibody(Bcl-2, Bax, Santacruz,
USA)®} incubationA] Zth. TBSTE Ml F t}A] anti-
mouse 1 g horseradish peroxidase/TBST ¥+ anti-rabbit

S = O
F, 420 2o} AR

1 g horseradish peroxidase/TBST(Amersham Bucking—
hamshire, England)® incubation?] i, SupersignalR
West Dura Extended Duration Substrate(Pierce, IL, USA)
Apg-3le] A A7 F X-Omat film(Kodak). 2.2 3451
high molecular weight marker(Amersham, England)Z #

A kg vlasle] 24 slgth. 24 Wl == densitometer® 7F

=g A3k

mRNA 2s

[6]-Gingerole] HAIES] FAAA B Apd$= w37}
WA whE Bl olylgl mRNA WaloE 3L F1x|
ol B 7] 28] Western blot A 82 247} & 2740

MDA-MB-231 cell-2 wlFd F mediumS A738k3 Tri
reagent(Sigma)E o}$-3te] RNAZ Ea&3ch 3 ued
RNA®l oligo DT(0.5 ng/uL-Invitrogen) 1 uLE £33t
F7fo] 12 L7} = =2 DEPC(diethyl pyrocarbonate) wa-
terg H7}g F 70°Cell A 1087} incubationd} 3 7)) re-
action buffer(5 X first standard buffer 4 uL, 0.1 M DTT
2 1L, 10 mM NTP 1 pL) 7 uLE H7}ste] 42°Cell A 587
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incubationd}.aL, superscript I reverse transcriptase(Invi-
trogen) 0.5 uULZ & 7}8lo] 42°Cel A 147} 458, 70°Ce)| A
1547} incubationd}sit}. ¢17] 4] RNase(Invitrogen) 05 nlL
E 91 37°Coll 4l 147} incubationdte] 80 ul.¢] DPEC wa-
terg g -20°CellA ¥ 33 sampleZ Al&-3}¢ic).
8] " sampled] 2.5 A mix buffer(10XPCR buffer, 50
mM MgCls, 10 mM NTP mix, autoclave water)¢} sense,
antisense primer Taq polymerase® &£3+sled Table 13}
7o) cycled AW} o1 ethidium bromide® Q4 1%
argarose gel® 7|9 %5-& AA sty A3E Falslgir),

Caspase-3 24

A EAPE-S %31 caspase-3% cystein proteinase
family &4 A 8}5 o] 7| A A3 A el DEVD-pNAE 23
stz ol#|3l A& o] 8-3te] pNAS] FEW o IXA
= SAE 4 ok [6]-Gingerol2- 2 ]&ted njokgk MDA-
MB-231 A %% 2x10° cell/mL& Hr3o] 1,500 rpme.2 ¥
Al Eefske] -2 A Eel A7 lysis buffer 50 pL2 H-}s)
o] 10#7F 8- ollx = A 7] 3 4°C, 1,500 ripmo-2 ¥4l
w28t AF2AS A% F 50 ul¥ 96 well platee] wo}
2 xreaction buffer/DTT -£&°4-& AHr}sle] 37°C COz in-
cubatorel| A 3087}t #lokslath. 308 34l caspase-3 sub-
strate(DEVE-pNA)E A 7}35¢] 1A 7HE2t v}A4] incubator
oAl A wieFdk £ microplate reader”] el4 3}& 405 nm=
TREE A3 APTY FAAS T o gt Al A
ol BAERE ®ASIAT

SAIX 2|

EoodFe) Age EgA e 3wl AAstgen, @
o7l A3 SAS Z2wg o) gste] 7t AP T H
ETAAE 73t SAS TR L o]-L3]¢] *a‘ffé
2l oA Aele= ANOVA B4 & p<0.05. $£Foll4
Duncan’s multiple range test® A&t AZS 6]'93"/]’

Table 1. Sequence and RT-PCR programs of protein

Protein Primer Sequence Cycle

5'-CGACTTCGCCGA

Sense A TGTCCAGCCAG 3 95°C 1 min
Bel-2 65°C 1 min 35
5 ACTTGTGGOCCAG 7o |

Antisense 1 x GGCACCCAG-3' mn
Somse D CTGACATGTTTT .
CTGACGGC-3' 94°C 1 min
Bax S TCAGOCCATC 55°C 1 min 32
: - 79°C 1 mi
Antisense 1 1o CAGA-3! n
Sonse 5 "GTTTGAGACC . ,
‘ TTCAACACCCC-3'  94C 1 min
B-actin - 60°C 1 min 35
Antisense 5 “GTGGCCATCT 720c 1 min

CCTGCTCGAAGTC-3’

T: thymine, A! adenine, C: cytosine, G guanine.

b £ MDA-MB-2319)4 Bcl-29F Bax 3ol vl <3 673

£ A7e oA AlgelA] QA fubekAE <l MDA-
MB-231 celldll [6]-gingerol2- 0, 2.5, 5, 10 pM=Z =] 514
< o) 8AZ Folle Ml FErt SUIESE A XS] F
Ao g 7F4sle AFE 2 (QL), [6l-gingerole] 1A
vlel 4 £ MDA-MB-231¢]] wjsbe] shAlE2) Ald o] )X
= odgks dotry) st Al A EzAEE oA 5
£ Bel-2, AlE-& f-%3l= Baxe] Wy o) F vzl
mRNA $Fol|4] ] AdE orolr gty A FA E ] vhx)
@AIQl caspase-3E= FAEE AR

Bcl-22} Bax2| SHME w& 2 mRNA =&

A EAID & A= 9 A]l Bel-29] w2 [6]-gin-
gerol?] A2EE7} 25 uMoll A HE F2 3 ol (p<0.05) HH4
2 1yl Fig. 1), AZAPE S fEshs Al Baxs
[6]-gingerol®] F%7} S7 o= -2 & gl zte]E Vel
A= 9k p<0.05)(Fig. 2). Al EAPE Q] 2 £ 2 ALg-= 1L
S Bel-2/Bax®] ¥]&2 25 MM FE el Ao
3}l oHp<0.05)(Fig. 3).

mRNA £ 4 Bel-22] ¥a-& [6]-gingerol®] 2] %
X 10 uMdl A ZFA23 e (p<0.05)(Fig. 4). 18} Baxs
mRNA FFAM = i ez 2he A5 Bo] {24
gl zpo]7) $lsithFig. b). o|¥ A2 E v [6]-gingerol
AZAFE L F7HA 7 AL HE S TV ek

=1
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Fig. 1. Effect of [6]-gingerol on Bcl-2 protein expression
in MDA-MB-231 cells.

Equal amounts of cell lysates (30 ug) were resolved by SDS-
PAGE, transferred to membrane and probed with Bcl-2.

A) Photographs of chemiluminiscent detection of the blots, which
were representive of three independent experiments, are shown.
B) Quantitative analysis of western blots. Each bar represents
the mean +SD from three independent experiments. Comparisons
among different concentrations of {6]-gingerol that yielded stat-
istically significant difference (p<0.05) are indicated by different
letters above each bar.
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Fig. 2. Effect of [6]-gingerol on Bax protein expression in
MDA-MB-231 cells.

A) Photographs of chemiluminiscent detection of the blots, which
were representive of three independent experiments, are shown.
B) Quantitative analysis of western blots. Each bar represents
the mean+SD from three independent experiments. Comparisons
among different concentrations of [6]-gingerol that yielded stat-
istically significant difference (p<0.05) are indicated by different
letters above each bar.
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Fig. 3. Effect of [6]-gingerol on Bcl-2/Bax ratio in MDA -
MB-231 cells.

Each bar represents the mean®SD from three independent
experiments. Comparisons among different concentrations of
[6]-gingerol that yielded statistically significant difference (p<
0.05) are indicated by different letters above each bar.
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Fig. 4. Effect of [6]-gingerol on Bcl-2 mRNA expression
in MDA-MB-231 cells.

For RT-PCR, MDA-MB-231 cells were treated with [6]-ginger—
ol and sample were seperated on 1% agarose gel. A) Photographs
of chemiluminiscent detection of the RT-PCR, which were repre-
sentive of three independent experiments, are shown. B) Quanti-
tative analysis of RT-PCR. Relative abundance of each band was
estimated by densitomertric analysis. Each bar represents the
mean=SD from three independent experiments. Comparisons
among different concentrations of [6]-gingerol that yielded stat-
istically significant difference (p<0.05) are indicated by different
letters above each bar.
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Fig. 5. Effect of [6]-gingerol on Bax mRNA expression in
MDA -MB-231 cells.

For RT-PCR, MDA-MB~-231 cells were treated with [6]-gingerol
and sample were seperated on 1% agarose gel. A) Photographs
of chemiluminiscent detection of the RT-PCR, which were repre-
sentive of three independent experiments, are shown. B) Quanti-
tative analysis of RT-PCR. Relative abundance of each band was
estimated by densitomertric analysis. Each bar represents the
mean = SD from three independent experiments. Comparisons
among different concentrations of [6]-gingerol that yielded stat-
istically significant difference (p<0.05) are indicated by different
letters above each bar.
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Hlgo] 509% o]3tE "o A Hw AzAlde] ayE &
kil B oarskedel

Oltval 5(23)2 M EALE 4 ol 4] Bel-2 family a2l
2] AW 78 (intra—cytosolic balance)e- ¥ EF=g]o} whe]
FrAjed Hof) F a5 2 ¥} #lola 51_4_6} o Antonsson
Z(24)2 Al FEAE AlollE Bel-2 ol e A A % 7k 45}
AR SrbE vt RaEtgoh

Surh 5(25)2 [6]-gingerole] ICR mice®ll 4} 7,12-dime-
thybenz(a)anthracene® F-%% 3| #-§FF9 =744 o
A% At oo Basks] 0w, Wang 5(26)2 HL-6091
Al [6]-gingerol cell death® %3}, Bel-29] 23S
A sta, DNAS BEAL ofr|stcty ¥ wsleich w3
Dorai¢} Aggarwal(27)-2 [6]-gingerolo] F<FA]l Lol 4] NF-
kappaB, AP-1, JAK-STATS 241314
X&Fa1, anti-apoptotic ¥ Al why S
oxygenase—2% Al shgict

937, Bax+=

A apoptosisE -&
A5 cyclo-

Caspase-39| &M%
A EAFE ] whx) 2}k A Q) caspase-3(cystein-aspartate—
cystein kinase®| dF o2 A ZAbd ol o5}
= 20 slifolm apoptosise] =83
olo]| caspase-3¢] &4 A3 A7 10 uM
[6]-gingerol& A2l s F%& of K22l F71E B, o]
FEAAM AEAIEE FESE oe® vebdth(p<0.05)
(Fig. 6).
Kivinen F(28)2 A x71x2] AZAE-l £A4-2 cas-
pasedl &3] =2 x4 = caspased] 7 5
Fol A doA AxAbES dogA Aot st
Yang 5(29)2 caspase-3- Al ZAE
A& ahe, frubelelvt b2 £7-9) ol A caspase-3°]
ARG A A= Bt

protease)

+ caspase family 145
49 el

(%)
200 1
180
160
140
120
100

80

60

40

20

0

gingerol (uM)

Fig. 6. Effect of [6]-gingerol on caspase-3 activities in
MDA-MB-231 cells.

Each bar represents the mean*SD from three independent ex-
periments. Comparisons among different concentrations of [6]-
gingerol that yielded statistically significant difference (p<0.05)
are indicated by different letters above each bar.

[6]-Gingerole] -fH3FA] 3 MDA-MB-2319l4] caspase-
3 activitydl] »1 2]+ <38l Wil HaEo|g)A] o
chet, Bush 5(30)0] kAl Foll A7) A8 cur-
cuming =gt A3} caspase-3 4, DNA 43} 7| &
=)o} A cytochrome C& WHEol Qs AZ2AE S &
ool ARy o g B owstgdrl o] d AAEs St
2AE A g, oFd S HEDFZE o] 5 o] AT o]
MDA-MB-231 1A bkl 2] AP feshe 2o
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]
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A a8 [6]-gingerol?] §X%7} F7HE = 223l Ao
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