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ABSTRACT

Ginger (Zingiber officinale Roscoe, Zingiberaceae) is one of the most frequently and heavily consumed dietary con-
diments throughout the world. Besides its extensive use as a spice, the rhizome of ginger has also been used in traditio-
nal oriental herbal medicine for the management of symptoms such as common cold, digestive disorders, rheumatism,
neurologia, colic, and motion-sickness. The oleoresin from rhizomes of ginger contains [6] -gingerol (1-[4’-hydroxy-
3’-methoxyphenyl ]-5-hydroxy-3-decanone) and its homologs as pungent ingredients that have been found to possess
many interesting pharmacological and physiological activities, such as anti-inflammatory, analgesic, antipyretic, antihe-
atotoxic, and cardiotonic effects. However, the effect of [6] -gingerol on cell proliferation in breast cancer cell are not
currently well known. Therefore, in this study, we examined effect of [6] -gingerol on protein and mRNA expression
associated with cell proliferation in MDA-MB-231 human breast cancer cell lines. We cultured MDA-MB-231 cells in
presence of 0, 2.5, 5 and 10 M of [6] -gingerol. [6]-Gingerol inhibited breast cancer cell growth in a dose-depenent
manner as determined by MTT assay. ErbB2 and ErbB3 protein and mRNA expression were decreased dose-depen-
dently in cells treated with [6] -gingerol (p < 0.05). In addition, phosphorylated Akt levels and total Akt levels were
markedly decreased in cells treated with 2.5 #M [6] -gingerol (p < 0.05). In conclusion, we have shown that [6]-
gingerol inhibits cell proliferation through ErbB2 and ErbB3, reduction in MDA-MB-231 human breast cancer cell

lines. (Korean J Nutrition 38(8): 656 ~662, 2005)
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Al ol 3 w3 w29t 489 oleoresin gingerol
¥, shogaol¥, dehydrogingerone 5 83l Qith
A7 FQ w2k AEQl gingerol> Y FEA} &
AsF=e™ 1 FelM dAsiEo] 71 Holdk [6]-gin-
gerol A XA Ast &7, o &7}, FF 94, DNA
4 9A a7 59 o a%0] B Holok? g
Y [6]-gingerolo] FEUAET ol AAZT F2of
o2 el digt A7 wi$ At os rysw gch

Epidermal growth factor receptor (EGFR) = -8}t
#Het % HES 7RI B2 EY B8] fukglo)
A& carcinogenesis ¥ tumor progression®lx] FQ3k
Heg th'Y EGFRE 232 <ol 3 oA 9 Ho)
HgFe A& DAl WHT Aol glon 59 EGFRY)
FLHLS T AZE AYUAA AAAA ¢ gatm A
ol fx3tty HuE3 k! s EGFRo] oFdQl
Aol 549 Aol vl AgE D AptEo) Erin
??]:‘—_’qﬁ 9\1‘:]_.18,19)

ot £ AFelMe FUGATTE olgsle] A7l
AR FollA Fatalglo] Hold (6]-gingerolo] SAIE Z
4] A2 EGFRE] &do) vjA= f3-e ARt}

M= X 4

1. M| HYOF

Aol ARSE A 189 Al¥EJ) MDA-MB-231 cell
< American Type Culture Collection (ATCC, Rock-
ville, MD, USA) oA 7418l3ich. AlZ+= 37C, 5% CO;
incubator®llX] Dulbecco’s modified Eagle’s medium/
Nutrient Mixture Ham’'s F12 (DMEM/F12, Gibco/
BRL., Gaithersburg, MD, USA)°l| 10% FBS, 100 units/

ml penicillin, 100 pg/ml streptomycin (Gibco/BRL)E

T35 viR] §AE whEo] wikEidt) WX 2~3YUnmict
w3tk [6]-Gingerol (Biomol, PA, USA)-E absolu
tely ethanolZ 100 mM stockg WHso] W& RIs}
AMBIR T t27E ¥38l0] 2E welld) ethanol B%
£ Y3 s3lth

2. NE 34

[6]-Gingerol®] B% Z710] 2 AEQ S]] u)x|
T 28 goluy] H8] MTT assayE AAEAch 24
well plateo] F¢ AXE 25 X 10! cells/mlY] S5
plating 32, 48417t Fo FBSE H7FskA] &8 serum
free medium (SFM) (0.1% BSA, 5 ¢ g/ml transferrin, 5
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ng/ml selenium, 1000 units/ml penicillin, 1,000 gg/ml
streptomycin (Gibco)) = BIXIE wesle] 242417k serum
starvation A7), [6}—gingerol& 0, 2.5, 5, 10 M=
SFMe| 34810 mediums Z8313th Treatment £ 0,
12, 24, 48 AlZto] A3 F MTT assay HHOE AT
4 AEE =339 MTT (3— (4,5—dimethylthiazol
—2-yl) —2,5—diphenyl tetrazolium bromide, Sigma) &
1 mg/mid 52 well 9 1 ml ® @31 37C, 5% CO,
incubatorellA] 3A17F incubationAlZ! % iso~propanol
0.5 mlel €327 T2 490 nmo|A] microplate reader
£ o] g3t FHEE S

3. Cux us

AZZA 2 BAE oz dHA] HH-S western blot
£ AAEte] Yottt} MDA-MB-231 cell& 1 X 10°
cells/ml®} HEZ 100 mm disholl E53}ar 48417k 3o
SFMe2 vix]E w@slil 24A)7F 3 SFMel (6]—gin-
gerolZ 0, 2.5, 5, 10 ¢M FEE 73t treatment £
< TFE0] mediume WEBEIYITE 48A17F Fof] A2 treat-
ment 903 W3}, 24A7F Fof| 71 rinse buffer
(PBS, 1 mM PMSF, 1 mM sodium orthovanadate) &
o] &3l A3 cellE Eo} 1,000 rpmoiA 587 ¢
AR5t 2P lysis buffer (137 mM NaCl, 20
mM Tris—Cl, 1% triton X—100, 10% glycerol, 1 mM
sodium orthovanadate, 1 mM PMSF, 20 zg/ml apro-
tinin, 10 ¢#g/ml antipain, 10 zg/ml leupeptin, 80 ¢g/ml
benzamidine HCD & ol A¥E & ¥, 12,000 rpm
oA 1083 ddelslo, BFdE o AER ARSI
o} gAS A2ty 4~20% gradient sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS—PA-
GE) oA ghial-g ¥2)8t 3 immobilon™-P membrane
(Millipore, Bedford, MA, USA)°l 4T, overnight®=
transferd}%ith. Membrane 5% milk/TBST (20 mM
Tris — HCl, 137 mM NaCl, 0.1% Tween 20, pH 7.4) 2
A &oflx 1A)17F incubation ¥ F dolH yxlsh= g
9] antibody (ErbB2, ErbB3, Bel—2, Akt, pAkt, Py—20;
Santacruz, USA)E ARE3F incubation A t}h TBST
2 Aojdl & A anti-mouse 1 g horseradish pero-
xidase/TBST Xi= anti— rabbit lg horseradish pero-
xidase/TBST (Amersham Buckinghamshire, England)
© 2 incubation A133, Supersignal® West Dura ex-
tended Duration Substrate (Pierce, 1L, USA) A&}
HEAAIZ] 3 X ~ Omat film (Kodak) 22 #4314 high
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molecular weight marker (Amersham, England) E &
AFS HwEte] B9tk 2 =S densitometer 2

e SR8k

4, mRNA &9

[6]—Gingerolo] GAZZFA ] F3S F+= @iido)
oy uhd el olgl mRNA $EX % Bslsi=x&
golr 7] 943 western blot A% A L 2A0=E
MDA-MB—-231 cell& ®jokslo] Tri reagemtE ©]£-3}
o] RNAE #2813t #2]¥ RNAE OD./ODys ratio
2 RNAY purity(1.7~2.00F €otE3 ODy #OE
RNABEE AL 3 #g2] RNAE tubeo 21 oligo
DT (0.5 u#g/ ¢1, Invitrogen) 1 ul& Eg3sto] F3o] 12
¢l 5% Depc waterg 78I o]R3E 70TolA
10%7} incubationdtal ©37]¢] reaction buffer (5 x first
standard buffer 4 ¢1, 0.1 M DTT 2 1, 10 mM NTP 1
ul) 7 plE H18M 42°7CelA 583t incubationdti,
superscript II reverse transcriptase (Invitrogen) 0.5
plE 37¥ele] 42°ColA 1AZE 458, 70CelA 15837t
incubation 3kt ¢17]¢9] RNase (Invitrogen) 0.5 p#1&
@i 37ColA 1A17F incubation 313 80 w19 Depc
waterE $ol —20Telq nyst] Agsilch Zu)g
sample®ll 2.5 A mix buffer (10 x PCR buffer, 50 mM
MgC1l,, 10 mM NTP mix, autoclave water) £} sense,
antisense primer taq polymeraseE £3%5le] Table 13}
2] cycled 2335151 ©H ethidium bromide® G443 1%
argarose gelZ A7|95S AAle] 2RE FRA39ich

5 &1 M3
2 A9 A2 S/ 39 ol AAFIieH,

Table 1. Sequence and RT-PCR programs of protein

Protein Primer Sequence Cycle
5-GTTIGAGACC )
| %™° | mcaacaccccd  [4T Mmin
B-actin 60T 1min |35
Antisense 5-GTGGCCATCT 72 1min
CCIGCICGAAGTC-3
5-GTIICCCAGATGA \ .
- SeNe | G ACGECGCAIGCC3 2‘2‘% m: .
Anfisense | O TICICCCCAICAG | 50 4 in
GGAICCAGATGCCC-3'
Sonse 5-GBIGCIGEGCT (0o
ErbB3 GCTTS 57T 1min |27
Antisense S-CCIGECICEAG 72°C 1min
TIGGIGTTA-3
Sonse 5-CAACTTCTCTGITG 04T 1rmin
At GCGCAGTG-3 58T 1min |30
Anfisense | O"CACAGGIGGAAG |4, Tmin
AACAGCTCG-3'

T: Thymine, A: Adenin, C: Cytosine, G: Guanine

R Adp= FFF EFUAE YeRIGT, SAS TE1
B o} g3lo] FAAEIEGITE ANOVA #4 ¥ ¢ =0.05
4=Z |4 Duncan’s multiple range testE AAI3l -9
A& HAFsiT

zy 9 oy

1. NIE 3N o4 2 (MTT assay)

QA et AlEQ MDA-MB-231¢) [6]—gingerol
£0,25,5,10 «M Z A3k 0, 12, 24, 48413
ool MEE g8l FFEE S 1 23
12, 2417l = ME F29) [6]—gingerolo] ¥ F
2] gkgkon}, 48213 Fole A w2t TS AIE
Z2o] dAFo] 10 pMoA FeFeE ZASIATHP <
0.05) (Fig. 1).

Lee $%¢ 939X+ human leukemia cell 91 HL—
60 cell*] [6]—gingerol® [6]—paradol& 0~50 ¢M 7}
9] 58 Hsle] MTT assayE M A% [6]-
paradol 20 1 MZ &35S W HME J38o] 35%
AaE9er, A ot 1SS o B2 ZAE 3
Qo). 28y [6]-gingerold B A FENA F94
QA ZaE B4, [6]-gingerolo] SAE F4 oA &

HESe 5 A9k

2. EGFR &8
NI F24) NFTE Agsh= EGFRZE)A heterodimer

Absorbance (%)
120
NS NS .
100 o
<
X Obob
80 H ;
60 —
40 -
20 [
] : b .
0 12 24 48 fime (hr)
[] 0gingerol (uM) £ 2.5 gingerol (UM)
B8 5gingerol (uM) Il 10 gingerol (UM)

Fig. 1. Effect of [6] -gingerol on cell proliferation in MDA-MB-231
cells. Each bar represents the mean = S.D0. Comparisons among
different concentrations of [6]-gingerol that yielded significant
differences (p <0.05) are indicated by different letters above
each bar.
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(@ (@
EroB2 EroB2
Fig. 2. Effect of [6]-gingerol on | (185kDa) (390 kDa)
ErbB2 protein and mRNA expression | 8-actin g-actin
in MDA-MB-231 cells. A : ErbB2 pro- | (42 kDa) (318 kDa)
tein levels : (a) photograph of the | (%) (%)

12or ab

ErbB2 protein bands (b) quantita-
tive analysis of the bands. B : ErbB2
mMRNA levels (a) photograph of
the ErB2 mRNA bands (b) quanti-
tative analysis of the bands. Each
bar represents the mean + SD.
calculated from three independent
experiments, Comparisons among
different concentration of [6] -gin-
gerol that yielded significant diffe-
rence (p<0.05) are indicated by
different letters above each bar.
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Fig. 3. Effect of (6] -gingerol on
ErbB3 protein and mRNA expres-
sion in MDA-MB-231 cells. A : ErbB3
protein levels : (a) photograph of
the ErbB3 protein bands (b) quan-
fitative analysis of the bands. B :
EroB3 mRNA levels (a) photogra-
ph of the ErB3 mMRNA bands (b)
quantitative analysis of the bands.
Each bar represents the mean =+
S.D. calculated from three inde-
pendent experiments. Comparisons
among different concentration of

[6] -gingerol that vielded signi-
ficant difference (p <0.05) are in-
dicated by different letters above
each bar.
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Fig. 4. Effect of [6) -gingerol on ErbB2 and ErB3 phosphorylation
in MDA-MB-231 cells.

£ ojFo} A3 AT AYs= ErbB2$} ErbB3<)
o] [6]—gingerolol &l J3FS wH=x] o}r e}
ErbB2 whiae] w2 [6]—gingerol®] A&l %% 5 uM
MRE] FoHQ AAE HYlon o] ghixe mRNA
FEAME [6]-gingerol®] 7} 10 £MoARE H9
AQl FAE BT (p<0.05) (Fig. 2). ErbB32] w&l-e-

"Hl=
25 M AAMFE FYAQ FAE B3O8, mRNA

=
s

F5 25 uM olMREEH F9H Hehditt (p <
0.05) (Fig. 3). H3t o]& whila 2 T4 AT E Addh=
el tE S AAA HEH, ErbB2, ErbB3 @
WALl QAL [6]1-gingerold] Al FE7t S718rS
A= AE 2 5 AT (p<0.05) (Fig. 4).
AFZZARJNAEL AL B EAcks 7435 53}
o] N¥EFAE fidsh=t), diite] ARl 8A ty-
rosine kinase® 7FAAL QAks} G4 whlido] 23]
o} A LA = AR St gk ol A1)
7R WolE B & oIk 53] MdFaelde ol
AgAt W 1 gAY o] v er 2AE
T Afetd v oMz 4 a2 ko] FA7
Af 9 AolE FZAFIA T4 J4E ST
o} Fokul ARAE AR 7 g 4e™ EGF
T AAE Azl EAehs F&AQ1 EGFR¥
3}9] tyrosine kinase® SASHAA A A|E2] FA3}
3} 9 DNA S A EGFRE ErbB(HE-
R1), ErbB2(HERZ, neu), ErbB3 (HER3), ErbB4 (HER4)
2 pAEI T, 4zke] FEAIE 19 extracellular
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Akt Akt
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(42 kDa) (318 kDa
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Fig. 5 Effect of [6]-gingerol on
Akt protein and mRNA expression
in MDA-MB-231 cells. A : Akt protein
levels : (a) photograph of the Akt
protein bands (b) quantitative an-
alysis of the bands. B : Akt mRNA
levels (a) photograph of the Akt
mMRNA bands (b) quantitative an-
alysis of the bands. Each bar re-
presents the mean * $.D. caiculat-
ed from three independent expe-
riments. Comparisons among dif-
ferent concentration of [6]-gin-
gerol that yielded significant diffe-
rence (p <0.05) are indicated by
different letters above each bar.
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Fig. 6. Effect of {6] -gingerol on p-Akt protein expression in MDA-
MB-231 cells. (o) photograph .of the p-Akt protein bands (b)
quantitative analysis of the bands. Each bar represents the
mean £ $.D. calculated from three independent experiments.
Comparisons among different concentration of [6]-gingerol
that vyielded significant difference (p < 0.05) are indicated by
different letters above each bar.

cys—rich domain®] $J®] tyrosine—protein kinase %§%3%}
carboxyl Wete]| tyrosine 71E 7[Rl = A9 WA
A3} drth Tyrosine2 FEA7F @439 Qits) =
o] A% ALE FEshal Adshe @Ay ddg.> ™
EGFR % ErbB2¢} ErbB3+= heterodimerE ©]%9]} tyro-
sine kinase’} 843} 51 receptor®] MEZV| domain
9] tyrosine A71E QAKE} #t1® A E tyrosine Z7)
= Axd bE s A ST Al AsE AY
A Ao 222 ErbB2¢ ErbB39) e L Ax
ZF213 #Ago] Q= Aoz ¥uEy vt a8t (6]-
gingerol®] EGFRe] 2o n|x]= G tisir= o
g b glo] & AelA Az FA Mg Adage uje}
o o] B g ol A3 [6]—gingerole] ErbB2,

ErbB39] 2& & oAsh= Aoz JeRdrh Squires 5
o] oJaba A et Al¥EQ MDA-MB-468°] A373-<]
Az A8 curcu-ming 23 AP EGFRE) QitsE
AAsto] AEY F24] A ALo] AAE e, E ThE &
dleol Az AU5658F MDA—MB—-453°4% ErbB29] 4
e FoFow ARG LY o9} o] A7)
AJE-50] EGFRY] & ZHarA AL F4E oA
A& & 7 U3k

r41n: o

i

w

Mo

=
Ao
s
i e
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Qo7 FA ANFE HYste] AX
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1} [6]—gingerol®] F&7} 2.5 Mol
] dlgo] foAoR UAHE RS
, mRNA 2% A7 5% 10 Mol
oA o7 ZFAEATHp < 0.05) (Fig. 5).
w3 Akt B8 p—~Akt [6]-gingerold] A &
=7t 5 pMeRE Feloz o] ZH4E]t} (p<0.05)
(Fig. 6).
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T 8392 Craven 557 F43olA Akt €43 7
g3 AR A3 Ve, Shiee 9 BRE v
& NFsHA #oka aigick & A7l (6] -gingerol
Akt} BHE AE 4 F2E gAshe Al #EH
ek

R

T

2 A= A AR FolA dEAd v FEA ot
AJEQl (6] —-gingeroto] Q1A FHt £ MDA-MB-231
ol Aol Falo) ojdst FFE vjAjeA FskuAt A
ABISich. AL SAlo) viXE ATE dol A, [6)-
gingerol A& F% 10 pMojA 4877 Tof NE A%
& foFow ZaARAY AX S FEg G
ErbB2, ErbB3, Akt @A L (6] —gingerol®] #H7jsko]
S7Hel ue} o] HAET, olE @A mRNA
FET Wdo] ZaHA Py20, pAktE QAT £
gt A3 (6] —gingerol®) H7} F57) S7HEGE QAls)
E A= ol A, A fdet AEQ) MDA-
MB-231¢ll4 [6]—gingerold @A Xojx wptdso] 1}
Eibe ErbB2, ErbB3, Akte] HdE AAjske 2] u2
¥o], EGFR, AktE 723t YAE 48 dAlshe &
A7t e Aog Alggd. g0 7 [6]—gingerold] 4
g o] digt in vitro, in vivod] Tt A7 9750
Rt}
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