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ABSTRACT

6—-Gingerol induces Apoptosis through increase of

Endoplasmic Reticulum Stress in the Prostate cancer cells

Cho, Hee-Young
Advisor : Prof. Myung-yul Lee Ph.D.
Major in Nutrition Education

Graduate School of Education, Chosun University

Six-gingerol, one of the ginger (Zingiber officinale)
compounds, has been shown to cause anti—tumor effects in a
variety cancer cells including non-small cell lung cancer cells.
Also, it previously reported that 6-gingerol inhibits cell
proliferation in human breast cancer cells. Apoptosis is a major
mechanism to eliminate cancer cells. The activation of caspase family
and endoplasmic reticulum (ER) stress—mediated apoptotic pathway in
the key step in apoptosis. The accumulation of unfolded or misfolded
protein in ER can induce ER stress. To combat the deleterious effects
of ER stress, cells have evolved various protective strategies, activate
signal transduction pathways that trigger a complex transcriptional and
translational response known as the unfolded protein response (UPR).

In this study, cells were treated with the doses of
6-gingerol for a variety time. 6-gingerol induced time
—dependent reduced of cell viability in DU145 cells. Expression
of cleaved caspase-3, capspase—4, and PARP protein involved
in apoptotic cell death were increased in cell treated with 10uM
6-gingerol and shown to the typical apoptotic morphology of

fragmentation and condensation after staining with Hoechst 33342.



Also, GRP78, p-elF2a, and CHOP expression were increased in
DU145 cells. caspase-3 and NF-xB activity was significantly
increased time-dependent in cell treated with 6-gingerol.
Apoptosis—related protein, ER stress-related protein, caspase-3,
and NF-xB activity were decreased expression in cell treated
with PBA.

In conclusion, cells have shown that 6-gingerol induces
apoptosis through ER stress in DU145 prostate cancer cells.
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I AH(necrosis)® YdE  AH(15).

death)9]
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S-(cell
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Fote 9 Z(programmed cell death),
A2 ol dEETH(16). oy g AxE
AbE o] Al g mA"Y @A Caspase
(cystein—aspartyl-specific-protease)?] A A o]lt}. 3 hu] & o]}
AEA W dAS F&st= caspases AA MIEAE S S5
T8 9ud FIarzEA, gdud 4y E—;ﬁf‘f} xE ]X]OP"% k= o}
wo ofn At A% S W, ddste ZEiol (17, . =3 NF-xB
Z AFQ1 AH(transcription factor)® 7%‘%0}0# o] & 7}7<] A 3EAE
A FAdAtd FEgES v Baxa oh(19).
Caspase®t 3 285 3+ poly(ADP-ribose) polymerase
(PARP)= oA &4¥ DNAE At &4std §, oy dwd

ol

S poly(ADP-ribose)ation ©]2+ post-translation ¥4 S EF3 £
e Bastea st dAE dE A lvh(20, 21). LY DNA &
ol Ui Alste]l PARPO @A o] HostA FolAWHA w48 oYy
Ao AR MIEAES FE3t). Caspase-37F PARPS DNAS #H
g Folot &4 HHES B sle] PARPY A S W A ¥AES o
o7+ Aow dHA YT (22).

2~ Z A (endoplasmic reticulum, ER):= @ vto 7 B g wo] 1}e} 7}
Ag 2 A 2 G FREA, AE 0 dwdEe] oF 1/30] HH
RNA(MRNA)| A wwzaA=z WHA 3 $=AH(posttranslational

modification) &, %9 (folding)¥ % H(assembly), B 3}(glycecation)
3 o] &34 e (disulfide bond) 59 #AS S EA4E dWE =

b J0h(@23). =E Ad mEEe FGEH, 2eATLEE Ax
U 2% v 52 2H3Ed 298 939 d(24, 25). 1y A
A E2 W 4 o8 AXATE AP = e Y o] mAs
duido]l 23 A WE ol HAY 2xA W Zgo]l wdsd 23A 7
Foll o7t A= o]yt FEHlE A¥ A ~EY(ER stress)zhal gk
TH(25~27). B 2¥AE 2XA W ZHEole AFAXEA

sarcoplasmic/endoplasmic reticulum Ca®’ -ATPase (SERCA)E E3] AX
A W2 ZFol2S HFIF3AY, inositol 1,4,5-triphosphate receptor}t
ryanodine receptor®] 9J&] AXEA AR E ZfFol2S wjEIT O EA 7L€
ol S FAEEH F8gh TS k28, 29). AXA e
Zgolzo whv A el 9w ot Aadt A Fe &

=

1-'1

1]7

_



ol Aot} fukshH calreticulin, calnexine9} ©& o]3ks}t o] A s}
aiet Te 9 7A A¥A ARHE (ER chaperones)? 7]&°o] iExE9
Zrgpol o] o)FEZ o]y wFEo|t}, B R AXEA| A ZgFolL Ao
A HH XA 750l AsETH?29).

LEA 2EH 27 BT A AEE AXA 2EHEE S5
7] 98 the @ 22 u 7EA 9 HkSo] dojdr. A HAR P HEFo
A mRNAZFH dHdz WHAsE= S YA (translational
attenuation)dte] 2% W= AR dwWdo] FYdEE AS A A
2104(30). + HA=E dWAds 9 A7]=d Z a3 GRP78/Bipd #
2 &3 A A E(chaperon)d HdAS FEdte] AXAY &Y 4
S FEANTHEI, 32). A HA g AXA 2EHZA #HH &

(ER stress—associated degradation, ERAD)Z A ¥ AolA Z9 5%
FAY ZE ZdE dWAS A EZZ W ubiquitin-proteasome Al
Qs 3 Esliste] AAstE FAIHH(33). Ao R AXA ~E
=7k 919 Al 71A] R o R SRo] HA X A== A7 H
A 2FATE Al Vles 5T ¢ ogle e AxEAE ARV 243
Hol &4" AEE A A2, 34).

of 2] &gk oF AMEEolA 6-gingerol®] F @Il thek A=
o] wagEo ANk, AYPMAY AFodE 2 At wjg v &I
Agolth, AygMdolad FAo AAV# F R FHE FAHstE o
A RS e, gy AdgAge dde] HEEA #wHH AL
ofUA R, A", AF, 7FEHol b F83sH. FHA 2 o=
2, HolFH, AxAet T2 ggokE T wHd Fad 8l
o2 ZAgath Mg A AFAYL FA4Y T Mg T3 deo=
S B NEES HAY. Y] AeE FHE APt WEst
#2438 S7Fsta v mE 2 Ao s Ao T oFgo
2 49z 2ola e A AR FolA dstEn IddF axnst
"ol 6-gingerolo] o5 F AlEo A F2] W ALEH F Ao X
v Aa%E #Fdus §dda, AEA REY 2 g3 AXFS A=
£ 53 gAHAAM T3 TS g WA mRNA FFd=
6

caspase-3¢ A

~gingerolo] YF& VA=A AGagon, AEAEe v v
=
FossayAlste o :

oo 9
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1. A%

A7 FE2EA BEAF 294.39g9 6-gingerol (5%: 95%)%
Biomol (Plymouth, USA)oA F+Y43te] A&3At}h.(Figure 1.)
6-gingerol ethanoldl 10 mM=Z stocks TE°] -20TC 5ol
Haato] A&, Add "od RPMI-1640, A A
(antibiotics), trypsin-ethylenediaminetetraacetic acid (EDTA) % -
glo} & A (fetal bovine serum, FBS)2 GIBCO BRLAHGrand
Island, USA)elA FY3sF¥ . Crystal violet €9, ER Tracker
Blue-White DPX €9  4-phenyl butyric acid (PBA) % Hoechst
33342 SigmaA}(St. Louis, USA) A =& AF&3F% 3L, caspase-3
protease? 7]2 <% DEVD-pNAi= CalbiochemA}(San Dicgo, USA)=
BEH  FYUsR L, caspase-4, PARP, glucose-regulated protein
(GRP78/Bip), beta-actin® W3+ ¥ += Santa CruzA}(San Dicgo,
USA) % caspase-3, phosphorylated eukaryotic initiation factor 2
(elF2), 2 C/EBP homologous protein (CHOP)+= Cell signalingAf
(Beverly, USA)=H¥E FY3}F . T3 anti-IgG  conjugated
horse-radish peroxidase® enhanced chemiluminescence kit(ECL
kit)+ AmershamAF(Buckinghamshine, England)ol A T3] A&
IR

0 OH
N

HO

Figure 1. Chemical structure of 6—gingerol.



2. ¥4
1) Axw g

17 AHAY MIEF DU145+ America Type Culture
Collection (ATCC, Rockville, USA)A A F43F T DU145 Al E
= 37T, 5% CO2, 8l 7]ol A 10% fetal bovine serum (FBS), 100
units/m¢ penicillin, 100 gg/mé streptomycin®] X3%% RPMI-1640
(Gibco/BRL, USA)ul g oz wjgstsict. AMxE7F 80~90% A& T2
3}, phosphate buffered saline solution (PBS)e2 2¥H Hojujar
trypsin~tEDTAE A& sto] AxE 2 5 Aloujdastar wix|= 2~3d9nttt
L 3ks} it

2) AIx=AA3& (Clonogenic assay)

DU145 AXE 717 1x10° cells/mo] = E= 60-well plated
LTt 48A17F vl Y ¥ 6-gingerols AIXFE R A2 gk ul ol A
e Az wiFetal W = A wjgdow wgksh
25 FF ST wike skt 1 % PBSE oW A
%, 100% methanol & HoAx 2083+ L HA Y. 1% crystal violet
|dow M3 5 PBSE oA Al FHeto AEoA Adxdt ¥, 1%
sodium dodecyl sulfate (SDS) &S =& crystal violetS A3 A
&8t 540 nmol A FFE=E SR

3) AxAEd #AHH

analysis)

L
=
i
=
r‘.ﬁ‘.‘,
)

% (Western blot

100 mm culture dishell DU145 A ¥XE 8] ¥3to] 6-gingerol<
10 pM 2] %2 12, 24 2 48A7F A 3gk S PBSE Al & 3sle] 2~
APHE o] & MEE Edth. 300 w2l lysis buffer (50 mM Tris,
pH 7.4, 150 mM NaCl, 1% Triton X-100, 0.5% Igepal, 2 mM EDTA,
10 mM NaF, 2 mM NazVO4, and 0.01% protease inhibitor cocktail)&



&3kl 4TA 30% &<t &A1zt 14,000 rpmoll A 1523 ¢
T 3, & Hol AR A&t dMd AZF 5
10~15% gradient sodium dodecyl sulfate polyacrylamide gel®l 4]
GgdS ®e3k & nitrocellulose membranedl transfer 33T},
Membrane9 blocking< 5% skim milk7} &% tris-buffered saline
tween-20 (TBST) buffer (20 mM Tris—-HCl, 137 mM NaCl, 0.1%
Tween 20, pH 7.4)2 A2o|A 1At w&e F Lol =
gl F o] A5 4Tl A 18~20A1%F &Sk wHb
22 A 7F E3t¥ TBST buffero] ¥o] 23
o A 1A]ZF ¥b-g A FH T, ECL kitE AHEs & =2

s

/}}%_ ol

s
4) Caspase-3 &4 =H

AFEAE S 53 Caspase-3F cystein proteinase family®
Ao ZAgstE o] 714 AFAA DEVD-pNAS Eastmz oled A4
< o]&3ste pNAY FEdor A4 AHALEE SAHAT F AUt
6-gingerols @ ate] W% E DU145 AIEZS 2x10° cell/m 2 23
o] 1,500 rpmo 2 A Fgste] 4 Ao 712 lysis buffer 50
w2 A7t 1087 48 fol WAAZN F 4T, 1,500 rpmo 2
dAEEst] ATAE HS F 50 P 96 well plated ol
2Xreaction buffer/dithiothreitol (DTT) & NS FH7Iste 37T, CO»
k7)o A 3087 v ek, 308 Fo caspase-3 7| @S H7FsH
of 1AIZE &b tAl wi<krIel A wiFd 5, ELISAZIlA 3 405
=

.
=
=

nmE FYEE Skl AT BYL T W A B
Y= EAHG .

5) Hoechst 33342 2 Immunofluorescent G

Alarslol Fejsta wstE xAbst7] 98] Ak AEd AMEE 4%
rEdd3= &9 (formaldehyde)oll A 20&3F A7 & PBS=ZE
0.2% triton X-100= 10+3F A2t A EH

A7l % 1% bovine serum albumin (BSA)Z Ab2of A 147k



blocking 3F%lth. RelA &AE 2417+ o+ ¥$A71 % TBST
buffer2 3W M 23 ¥ fluorescence-conjugated secondary & A
2 1A% B9 W29t Hoechst 33342 QAoke Ale] Ao
s|Aste] 108 A F Al AEAdgel Ao FFAW A
(Zeiss axiovert LSM510 microscope, Germany) 2 & ¥ 23}l t}.

6) A2XA 9 A4 AM (ER Tracker Blue-White DPX staining)

ER Tracker Blue-White DPXE ©]&3}o] Abolgle= AXARE Aeido
2 GAstE AlFS o] &3FtE AP AL Alatel] 48A)F E<t 6-gingerol
of Wxgt & wiAE AAsF AZE wiHo] ER Tracker Blue-White
DPX 1 yME #H7lsle] 37ColA 3083 a3ttt PBS=Z 23] Aol &
drsl= GO oA A T FFAW P S ol&st] =

7) 2728 A &4 (Luciferase assay)

NF-kB ZT2Z2EE pGL-vector (Invitrogen, USA)e]l =24
39 th(http://www.genomatix.de). DU145 A|3Zeo] 0.8 ug DNAE
lipofectamine 2000 (Invitrogen, USA)2 2 transfectiond %,
6-gingerols 24A17F F<Fb A3 T, 100 lysis buffer (1%
triton X-100, glycylglycine, MgSO4, EGTA) #H7}stsd 1,500 rpm
o7 10&7 dAEdste AFdE AT 5 20 w® 96 well plate
of do] TERY A4S SAHSUT.

b4

8) mRNA £3# %2 Reverse transcription—-polymerase chain
reaction (RT-PCR)

TRIZOL Al ¢F (Invitrogen, USA)S o] &M AEXE F83 v
AA RNA #2353k, TRIZOL 1 méol chloroform 200 wE F7}3s}
of £t AIEE 14,000 rpmoll A 2083 A E st =&
Aoz FAT. 45T FHe 3 500 wl isopropanols 4] o] A



4Col A 1A ZE

A== ol o
OLO ’HE

cm AAW F Az
o] ¢cDNAE A3t
&3l RT-PCRS <

Al A &F

AR

BAEG T, 14,000 rpmol A 30%
} 11 70% ethanol/diethylenePyrocarbonate (DEPC) &
cDNA kit (Fermentas,

% Ex Taq polymerase (TaKaRa, Japan)E ©]
sttt Primer 74 &

AR

@ e
USA)E o] &3t

e 2o

Primer Forward sequence Reverse sequence
GRPTS 5'-GCTCGACTCGAATTCCA | 5'-TTTGTCAGGGGTCTTTC
AAG-3' ACC-3'
CHOP 5'-CAACTGCAGAGAATTCA | 5'-ACTGATGCTCTAGATTG
GCT-3' TTC-3'
XBP1 5'-CCTTGTAGTTGAGAACC | 5'-GGGGCTTGGTATATATG
AGG-3' TGG-3'
. | 5'=-GTTTGAGACCTTCAACA | 5'-GTGGCCATCTCCTGCTC
Practin | oo g GAA-3'
9) TAA
oA Ae Sy oR 39 ol AAEgon, doj Ay
SAS ZIRg ol gete] 2 Awe Fitw BEAAL 7|25,
"E]gdff 7] Torfﬂ"é ztoli= ANOVA 4] % p<0.05 +<F°lA Duncan's



m. z2 3

I-1. AgAd AxY AEE 3

Fig. 2 ol A ¢t o] 6-gingerole] AHMSt AEE w3t
S v A=A 2. 6-gingerolS 0, 5, 10, ¥ 20 uME AH g
Re W 10 pMelA AE AEE] 50%E FA] BE AT
ME AF€3tt} (not shown data). DU145 A3 <] 6-gingerol 10
S 12, 24, 2 48X S AP AE AEES clonogenic 4]
gt SAsA T, RS DMSOT Ar&stlor. dd 4 A=

-gingerol Folo] oJste] AlF JEH O R Ax AEFO] HA

rr o o

=

100 -

80 -

60 -

40 - =

iy . ok

° i N N
0 12 24 48 h

6-gingerol (10 uM)

Cell viability (%)

Figure 2. Effect of 6-gingerol on the cell viability in DU145

cells. The cell viability was measured by clonogenic assay.



1-2. A BAY ©A L3

el
Ay

A

AFAel B wuld wdol g FHa7] A Western
blot ¥41& AAs3 k. DUL45 A *Ee] 6-gingerol 12, 24, 2 48
AIE A elekglS W, cleaved caspase-3, caspase-4, 18 i PARP
gala g o]l AzE ojEHoR FHASA F7FstAoH(Figure 3).
Caspase-4+ A% A 2E# 2o 93 Sryojzxl AxzAde #AF
caspase familyZ24 F&3 98 vt &dHA v, 6-gingerol
AeAl AZA 2EY27F TAH| AL olw caspase-47F EF o]
Hol A¥AE S fFrHAAHY, B-

A Th.

i

o g

actin< loading control® o]&3}

6-gingerol (10 uM)

0 12 24 483 h

Cleaved .
caspase-3 | % e I

Cleaved
caspase-4| = . N

Cleaved |
Parp| T T .

Figure 3. Time-dependent effect of 6-gingerol on caspase-3,
caspase—-4 and PARP cleavage in DU145 cells. Western blot analysis
for the evauation of proteins involved in apoptotic cell death the

expression levels of caspase-3, caspase—-4, and PARP cleavage.



1-3. A|lZAPE] #AH Caspase-3 84 53

AFEALE O] w2 A9l Caspase-32 cystein kinase® dF oz A
FAHo| #o]3ki= caspase family 14 F9] 3hvjolm A ¥APHEHS] FQ3H
S St} o]9 caspase-39] FA4S Z743% 23} 6-gingerolS AT

e
= =
A W o)Al S7HE Hof, o] sRoA MFEAMES FEshe AoR U
1)

400 -
350 -
300
250

*
*
200 - .
150
100 -
50 .
0 1 1 1
0 12 24 48 h

6-gingerol (10 uM)
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Figure 4. Effect of 6-gingerol on caspase-3 activities in DU145 cells.
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Control 6-gingerol (10 uM)

Figure 5. The nuclei of the cells with 6-gingerol showing the typical
apoptotic morphology of fragmentation and condensation after staining
with Hoechst 33342.
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o AX A 2Edf 2o FdE @l HI mRNA @& S Western blot
¥} RT-PCRE T3t SAsIo. dHdg AMxolA 6-gingerol 7
oo 9 ste] GRP783 CHOP @9 a 2 mRNA Fdx 2do] A7k
EAHOE FEES B F AUt (Figure 6).
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Figure 6. Effect of 6-gingerol on the ER stress in DU145 cells.

The protein expression of cells was measured by Western blot
and RT-PCR.



2-2. 2AFA 9 AeF QA

ER Tracker Blue-White DPXE ©¢]&3dle] Aolgl= AXAR AElF
2 JAEE= A oFS AFRSFYITE DU145 Al X 6-gingerols 484
AgsRS o, ol WA 6-gingerold A g oA ER
Tracker Blue-White DPX @4o] @AstA F7tete A& & F AT
(Figure 7).

o

Control 6-gingerol (10 uM)

Figure 7. Immunofluorescent analysis of tubular cells with 6-gingerol
for 48 h using the fluorescent dye ER Tracker Blue—-White DPX,
which specifically localizes inside the ER lumen.
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Inositol-requiring enzyme 1 (IRE1)2 X box-binding protein-1
(XBP-1) mRNAE #%(splicing)?|A &4de] U= XBP-1 dod=z od
g 4 JEE FTH25~27). XBP-12 bZIP @A &ats dAARIAR A
A 2EY 2z 93] ddo]l Frbele FrdAbe] AARE I A (promoter) -
2191 ER stress response element (ERSE)9} Agsle] HAEAS {23k
tH(25). DU145 Al3E°] 6-gingerol 10 yM< 12, 24, 2 48A17F A g
3RS, XBP-1 mRNAE F&(splicing)e] A7t &= o= F713S &
Q13+ tH(Figure 8).
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B-actin

Figure 8. Effect of 6-gingerol on the ER stress in DU145 cells
and RT-PCR analysis of XBP-1 mRNA splicing.
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PBA 20 mM< 1AI3F o] AA 2] s &, 6-gingerols 48A13F &9t A28}
o] AEZAPE] TEE A 23S Western bloto 2 43 tH(Figure
9A9} 9B). 6-gingerolS WA E|$ A= caspase-3, caspase—4,
PARP, GRP78, p-elF2q, 128]3 CHOP @ R%F Z7lsigl o, ¥ea
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Figure 9. The combination treatment of PBA and 6-gingerol induced
the cleavage of caspase-3, caspase—4, PARP, GRP78, p-elF2qa, and
CHOP in DU145 cells and Western blot analysis for the evauation of
proteins involved in apoptotic cell death.
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3 tH(Figure 10).
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Figure 10. Effect of 6—-gingerol on caspase-3 activities in DU145 cells
to combination PBA.
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AE3A . DU145 Al Eo] PBA 20 mMS 1A1zF el AA g3 3
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Mg Fake SAHSAY. AHAL M Ed A 6-gingerol Folol ¢
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A= Z718S 393 oH(Figure 11).
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Figure 11. Effect of 6-gingerol on the cell viability in human
prostate cancer cells to combination PBA. The cell viability was

measured by clonogenic assay.
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6-gingerole] NF-kBe¢} wi7RE A =% AFE &lst7] $1ai4 NF-x
B Z2RE =4S 39 (Figure 12). DU145 Ao 6-gingerolg 5,
10 M5 48717 ¢ APkl v5% o£H o2 NF-kB Z2EH 5
gol T7hshs #lskelt.
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Figure 12. DU145 cells were transiently transfected with NF-xB
promoter/luciferase construct together with an increasing amount of

6-gingerol.
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Figure 13. Effect of 6-gingerol on NF-kB promoter/luciferase
construct in DU145 cells to combination PBA.
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9 ABA B AFgAR o]&HL ATH6). B
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¢l oleoresin®l gingerol,
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23}, 6-gingerolo] At WHL G AxEol A Aol oJEF Q1 AlE
AME S et FdEAE dolve As B dATolA #HEuy

(Figure 2).
AEALE 287146 S vEZ=golo gk X
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Bel-2 family @3 &) o&] ZHAE+= cytochrome c& W EFIZ ] ofof A
MEAZ W5 a1, o]o]A caspase-8 protease®o] ATHS Eaf 1 A o]

ZH¥ o] 314 caspase-3 proteaseE FASAA AEAE AAS FE
TH40, 41). Bel-2 family 994 5 A ZAES 9A|8h= Bel-2 v Bel-xL
il 5o A¥APE 2 "l A3} heterodimers A AU A E oA
FOrAl A2l QIAbstE o] 1 7S sl ®vk. 12y Bax, Bak, Bid
o AFEAE FX giE e nEZEotR o]Fste] cytochrome ¢& W
= F U Al(pore)s FAsHI= gt} Caspase-3°l oJafA Td 3}
=1y = A5, oA 4" 9 79
of &4E HAEES = A2y
i PARP®] &4Jo] #r}st
Al FobA 71dE w438 hvlste] AZAVES =3t PARPY @42 ©
ol gh3o g2 Ax o] AstshA wkao] 9 €920 NAD
283 mEFEgole] AkshA Qlhkst S Adlste] AlE
o] oy x] s Ee9 dUAE QR 3= W MX U 715 4A
¥ 3L, PARP7} cleavage ¥o] AlZAFE o] F=dthal oA AtH(42).
HoAFo A, AgMet M ¥ 6-gingerol (10 pM)E 12, 24, 9
48X 7FS A YstR S uwl, cleaved caspase—-3, cleaved caspase-4,
223l cleaved PARP ©@dld dFrdo] A 7ko] oJ&EH o2 HASA F
7beb i vh(Figure 2). AMXEAES] wpx9el @79l caspase-3-2 cystein
kinase?] dFo 2 AN EAPH| o3} caspase family 14F T2 dhuol
w AEANE ] Fagk IS gt} oo caspase-39 €4S A3 A
6-gingerols A3 FAS W FIAQA F7HE Ko, o] FEeA AEAL
S FEste Ao® YelRthFigure 4).
ANA 2EY2 WSO R MAETE AXA AEYARE FEHIIHA] ESE A
ApE Zpgo] AEstt. AXA ~E A7 HASE B o8 7HA] HE
Avd A7 #8A43EEd C/EBP 7ol 43l C/EBP  homologous
protein (CHOP) {3 x}eo] &/de ot MxzAbde] thiz2l doojt}. CHOP

TR AR AxA 2B wbg Al UEue Ao AT g

=
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[6)
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Al PERK, ATF6 % Irel® =45 W=t CHOP #4A7F A&(CHOP

knock out)® AM¥EE AXA| 2Eg o ot MEAIE A2 (43, 44)9]
w Q2 CHOP #FAdAME A 7|H A EZAFEo] X HH(45). CHOP
olJo| = AXA T EA = A2~EHIQl WA B g A (ER-membrane

proapoptotic cysteine protease)Q! caspase-12%9} c-Jun NHz-terminal
kinase (UNK) A&7} 2¥4] 2Eg o] 23 NEAIES fE37|% 3o}
A gl 6-gingerols A elst3l& W, izl ®lsjM 6-gingerol
& A8 oA ER Tracker Blue-White DPX 41o] @A 37 Z7tat
= T A (Figure 7). IRE1S XBP-1 mRNAE &3 (splicing)A]#
4ol 9 XBP-1 @Az wdd & QEF @rh(25~27). XBP-12&
bZIP W o] &b WARIALR XA AEdHZ o8] Fde] Frbshs
2o AAREZ A promoter)  F-919]1  ER  stress response element
(ERSE)$t A gtste ?W}i“*g Frbgeh(25).  AEAY Al E
6-gingerol 23S w, XBP-1 mRNA ¥ (splicing)o] Azt <&
o2 IS ﬂo]—s}oﬂr:}(mgure 8). w3, Al ZAFE HA oA NF-kB7F
8% ARVl A Havl o] 6-gingerole] NF-kB9 w715 S
A AR5 FAdsr] A& NF-kB Z2REH Z54& 3% o (Figure

E‘

11). AHAL AlxE 6—gingerolg e g e uf, w5 oEH o= NF-k
B R ol FUhES FAskn

= o| A= 6-gingerolo] QIZF ARHAYG MEZAN BT A3y A
ZHY oF AlEoA 6-gingerol® A X A|Zteo] FIMEFE A EAVE

T7tele As #AFEsIlow, AEZAES FEsSkE caspase-3 9A
6-gingerolol 2JfA wWdo] F7}8At}. Caspase-39 &Ado] F7)sto u}
g} AxAbEo] oS g HA PARPS £4& gRlsgitt. olejst Aus
2 ool B uf, Ak AYHY AL 6-gingerole] FALE S 1
&3] frieste Ao® AR Hh
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