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survivin & NF— ¢ B 9 9AS E3| £k AL =

1
o
12
)
ol

Ir

a7t 9& Aoz ZIdEH 1 Qo) inflexinol 29 & <otof A 2]

i

U
odt

davte] diEide= ok wExl vz gtk 2 AFelA =
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B3 T TS A adE Btk AR, gemcitabine ¥}
emodin, inflexinol A| 7}A] ¢FA|9] W3 Fo= gemcitabine I
emodin H+= inflexinol & WS F 7FA kAL W3 Fole
gl o B2 % T249 gA 2345 BolA+= xFh

AE: FAoto| A emodin ¥ inflexinol¥} gemcitabine W3 QW2

survivin® NF— ¢ B2] <#1¢} Baxe] @435 Foto] FHadrts

SAAZ= &3E Bl

F90]: FHA9, gemcitabine, inflexinol, emodin, NF-« B,

survivin
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15-20%°] =3at, o]F °F 20% wro] 5\7kA] g 5 gk
2). Fedoz AAL # U= 7a JPdold dejgre 4
z T+

Atk AR HAt] AAA A go] EFQHE gemcitabines
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YAPD ARy FEA Al
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o]-&3t FAstt ol WhgE] 20% vvkela AEE A%l

FPAR B RS WSES FRAE o] eTad

2 Ade oy A fER
WolZb  mmd  Z welA4  gdow, 7E  dekgHxg
FFAAFAATL R ARG Bl Aom delA

Atk ol AR ESEH SA4e ol&st AT HESA=

ut

matrix metalloproteinase inhibitor (Bay 12-9566) (4),
farnesyltransferase inhibitor (tifipanib) (5), anti—epidermal
growth factor monoclonal antibody (cetuximab) (6) S
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Ade RHEAE T QY. 1 T Rheum palmatumol~
ZFAAFS] anthraquinone derivative® €8 X emodine o8 £
Mz A A FAE AAlets Aer deiA lom (7-10),
ok AlEe] FA AFEAEAL FF AF] HE E dolgf
HHE FARE -8k Jo® deA A (11-16).

T3, Sddadrl o gz AAEE HE AAEHD Qe
Zo] eewrEolgtal B8+ [sodon excisuselX FZ3t kaurane
diterpenoid #3E % sFFQl inflexinol ©]t} (17). Isodon 49
A& oy A FF9  kaurane diterpenoid 3}EHE 0]
FEHEL e, o5 o ATEdAM AFEABAE
(18) NF-«B9 #g&& Alsts 2 (17,1902 4HA gtk
NF-¢B= HT dvss &3 572 Azdl AAs s

T Ay Gl 1ds] Bdejsh= Aem deA 3o (20,21,

Lot

kaurane diterpenoid 3}8t&E9°] NF— ¢ B2 9AS %3+ ZAZA <l

Fdads 7HA L QLS Aol M S & 4 A "o
et MEFE o]l&3 n vivo % in vitro QTelA
inflexinol®] Fo]7} NF—¢B X429 dAE Ea] AxE =24

AAstaL AEAEANE FEs tEY F= ERCMRE T4
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t} (22). o] A5+ inflexinol®]
FT& Az g ga3E JTd FLdE ATE AYs e
st Aat= oby gleH, yLo] 7]E A 8AR] gemcitabine ¥}
WEetals 279 Bgadel gk A7 =3 = Aotk
ok, 2 dAgelM= AA, HAFSelA gemcitabined

inflexinol® W Fo2 A U] FdaIATE A=AE
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A AEFS N} 53
A AEFZ Panc—1, MiaPaCa—2 AXFE A&distw
ot AFAeA FYHETE 10% FEletdF  (fetal bovine

serum) < X33t Dulbecco's modified Eagle's medium (DMEM)

jekel 10 mLS ®¥lF €7] (10 cm culture dish, Falcon®,

Franklin Lakes, New Jersey, USA)°l Y31 5% &%
ojAkslEr A7t F-AE = 37 °Co wieET]el A wieFstSiTh AMIAE S

Y7 wiFg71e] 80% ool HW AEE F8F] Nunc®

plate (Nunc company, Rochester, New York, USA) ol &3} t}.

HFg71e] wigdE Wl sHetddor AH F ESA-
1278 wjkE7lel Hoxl As

sow A FoARY YLl Ya AYRYSI]

=
—
ot
=
S

EDTA &9d9& 2

=°l 10% SHoldHS EZ3st 2 mLe
DMEM ®jekalS Wy #A3} AT 44 (hemocytometer) =
o3l AT EBEE =A3t] 4 X 10° cells/well 5=

3|48t 96 well platesoll 242} #F8tal 37 °Ceold 24 ARF

kA A=

Gemcitabine= Ely Lilly (Indianapolis, IN, USA) 9|4 F-¢]3}ar



09% A8 A=z gaste] 50 g/l stock solution ©.Z
H #3131, emodin Sigma (St. Louis, MO, USA) oA G138}t
dimethylsulfoxide (DMSO)el &3listed 0.2 mmol/L  stock
solution ©.% H A3} TH Inflexinol F&Htistu oF2] sk 2l of A
Tw Wt

Emodin, inflexinol?} gemcitabine®l] &3t A|X =2

AA a3 =574
A MEFE 96 well 7] well & 5 X 10° 7| 5351
100 ul wjeFH oA 24 AlZF ¥l%F ¥ emodin & ©Fsk 5% (10,
20, 40, 80, 160 uM) & 21 24, 48, 72 A7+ & MTS (3—(4,5-

dimethylthiazole—2—yl) =5— (3 —carboxymethoxyphenyl) —2—
HE o] 83t

H}

(4—sulfophenyl) —2H—tetrazolium)

A HEE 23

319t} Inflexinol =

V‘

-l
&

L 24, 48, 72 A X

A&t 11, gemcitabine

15|

el

10 uM) = ¥a1 24, 48, 72 A%+

g3ty CellTiter
96°AQueous non—reactive cell proliferation assay kit (Promega,

Madison, WI, USA)E Al&et=d MTS/PMS &§9d& 20 ul %

well o 53k 37 °C, 5% COs 749 incubator ©l4] 4 A7t

o
[

LS ES D

spectrophotometer & ©]8€3}%] 490 nm oA &%

=

eI B
HJJZLE



&S AAbste]l MEST2A oA A=E Frisksioh 72 A &
20—-25% M EFAS AA 3=  emodin, inflexinol

8 Foo] A 7 kR WE ol A

Emodin, inflexinol & gemcitabine ©l 23k

AZADN 573

A MEFTE 6 well &7]0 viekstar 72 AZF F-o] 15%, 30%

A EZF2S JA = emodin, inflexinol ¥ gemcitabine & =%
T8ke] HIbekal 48 AIRE HlF F A FEAEA AEE ST
FrEo] e AlEg plate o F&AREHO e AEE EHAE
8]l E S 31 FITC—labeled annexin—V assay & ©¢]£&3}9]
phosphatidylserine 2] externalization = X7| AEAEALS]
AxZ Hrisiith. =, EfAIAEY @ HAE g6t
A S WE 3 annexin V binding &% 1 mL & F/A]7]22
o] & 100 uL & 33| FITC-labeled annexin V (Boehringer

Ingelheim Bioproduct Partnership, Heidelberg, Germany) 2}

o

propodium iodide & *}#|Z FH7Fstar A4 15 #3F wHH]

-

annexin V binding &&= M-S H7}3lo] flow—cytometry & ©]-£ 3t
FACS #4 (Becton Dickinson Immunocytometry Systems,

Becton, Dickinson and Company, Franklin Lakes, New Jersey,



USA)=  ol&st  AHEAEAZE A Fl AES HES

gepsrat .

gz o] %3 Western blot £4]

A4S AEZLTE 6 well &7l vieFstar 48 Al $ol 15%, 30%

AEZAE A= 559 emodin, inflexinol, gemcitabin <
23l 48 AE SO &3] FAS o] &t F WS FEokTh
g8 4FNe 50 mM Tris—HCl, pH 7.4, 1% Nonidet P—40,

0.25% sodium deoxycholate, 150 mM NaCl, ImM EDTA, 1mM

=

PMSF, 1lug/ml, aprotinin, leupeptin and pepsatin, 1 m

Na3VO4, 1mM NaF & ©o]£3I3th 4 °C oA 20 &3+ AEXE

G383kar 14,000 g oA 10 #3F YA FElste] @A S F==3ka
BCA protein assay kit & ©¢]&3}o] ELISA WHo=w uwzs

W
dstetitt. 20 pg/lane o HAE Aol &9 v= 12% SDS
polyacrylamide gel ° #7]9s st AS O
HERAZEATS HAsto] 20V, 4 °C oA o5

719 Esko] Guae ARRE UERAERAR0R oAtk

i

1IX TBS, 0.1% Tween—20, 1% w/v ZAEfF] LA
1:1000 9 FEE A% fIo YERZAgEAUS @i
Ao 1 AlZE b AAE] EEWA BRI & A FHE
A EAEALL B E Gl survivin, NF—« B, Akt, Bax Il

3t A (SantaCruz Biotechnology, California, USA)S <=z}

&

| &1

1V



A2 AREEla, o]xg A 2= HRP (horse radish peroxidase)

7§§jL Sk

3 &2 T~ immunoglobulin G & AFE3EFIT}

b

olzxgAE 1X TBS, 0.1% Tween—20, 1% w/v EAZFl
1:2000 o7& 3|43 gdo] YERAEZAusS T3 A2 ]
AZE &) AAE] E5HA BXE & 1X TBS, 0.1% Tween—20
fdo=w 5 4 4 3 MHSSHY. Amersham enhanced

chemiluminescence kit (Amersham Bioscience, New Jersey,

USA)o] E9d+= &1 1 7 2 & 1:1 & 42 & blot Yol &2
1 & 7 Ao WA, f9S AASL FVHESE BT
AAGE T njd oz AL SA JHAE X-A 53 4 Y

1799 $7 BALB/e FIRHSAE  Agel  Agsidn
2

AL A7 %, e, FErAE A
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AEZFE w22 5 el IuFAE ST I TS
Ale] RS 31 A1717] flall ALY AEFT TS Matrigel
(BD Biosciesnces, Bedford, MA)°l 4:62] H|E&E 412 T
np-g-2of] FAFSEGI T

HAE FAF 25 F FeFHrE #FEEHI SAHE 257
vk S ZH Sk 1S diEdd 4708 ARdow
FARIZ Yol kEe B Ul FoiE AlFEIT dxd
(A1) 2 normal saline 0.1 mLE, 4709 A&+ gemcitabine
(125 mg/kg), emodin (40 mg/Kg), inflexinol (12 mg/Kg) = %3
(A2+": gemcitabine =5, #|37": gemcitabine + emodin, A4
gemcitabine + inflexinol, A|5v" gemcitabine + emodin +
inflexinol) &te] 15l F WA 453 53 o Fossith
Futey w2l BAE SAE L, T8 Vs A=
A%t va 22 A4S o8t T4 HuE 4 Th

] =

(do] x Yol x 7/6. 27 U F7F BUE 45R

o

)

A 3}std A W TUNEL assay
ZAL 4 pm FASE microtomes °]&3sto] A7)SHSIT).
FoF M EZoA survivin® NF—-xB9 w3 Hristr] Yl

survivin¥}  NF—«Bell wfst dzx dAS  HEs] A 3A

J'A! : ‘:,3' T



o)
a

Astetd S AT Survivind} NF-«B 2d AEE
BF7rekz] SlEl, e el wer 0, +1, +2, 43 (+1:0 0-25%,
+2: 25—-50%, +3: > 50%) % TS, 4 pm AL x4
ddeA 5 e FA A vl Aok (x200) A +2 o=
Bl Alope] Hl&S Alrteld FEEk skl (23). AlEAEALS
AEE Hrpslr] 9@ TUNEL (terminal deoxynucleotidyl
transferase—mediated deoxyuridine triphosphate nick—end
labeling) AAN & ARS8 oM, 4 pm FAC 22 ddelA 10
Mol F29A dAnj Alof (x400)°l4 100 7o FF AEX T

2 ¥ = TUNEL 94 £k AXZo a2 Ao A=sl &9}

£ 274 ATH 9w 23
AN A dHe 30 & F9 05 mL ice—cold buffer

(10mmol/L Hepes (pH 7.9), 1.5 mmol/L KCI, 10mmol/L MgCl2,
0.5 mmol/L DTT, 0.1% IGEPAL CA-630, and 0.5 mmol/L
PMSF) wi¢fstity. #7FE A2 Donce homogenizers
olgsto] 4 Teolld 15 w3+ 4 Fsiaivt. A" A=
200 pIL of buffer B [20 mmol/L Hepes (pH 7.9), 25% glycerol,
1.5 mmol/L MgCL2, 420 mmol/L NaCl, 0.5 mmol/L DTT, 0.2
mmol/L EDTA, 0.5 mmol/LL PMSF, and 4 g#mol/L leupeptidin®]
g 5 30 #3F Aol ke geld =d2 4 TolA
14,000 rpmo.® 15 &1k 94 &8 ¥ the BCA assay kit &
o] g3t HAetth. AWMLl Anti—-Rb  immunoblotting=>

loading contol®. % AF&3}3 T}

32



RE A% e A el dA wEsgov, Fod wus

TH Ani FE+/-EEoA FUR AASFAG A g

modelS ©]€3l repeated measure analysisE A3t 3L, ZF o
7+l TUNEL <4 F9 AXE v]E&89 Hlu+  two—tailed
Student’ s t—test for unpaired samples®.Z Al&3}H}y. P

valuei= 0.05 vk o] FAIA o2 ofu] Qv HekslSitt,

11



4 3

A M EF| 3t emodin # inflexinol & A|XE
=21 A &
Panc—1 % MiaPaCa—2 #H&AY AxXFE 77 v& %5 (0-

80 uM)? emodin ¥ inflexinol ©] 48 A|ZF =l Z=7 A7l &

X

o
>
kel
o[\

>,
12
2

MTS assay & Adsds W, % &

a¥7F BEEAY (1" D).

AL M EF 3 inflexinol & A EX}HA}
FEead

MEAEAL 5 axE AHR7] 935te] Panc—1 #A3Y
ANEFE 0-60 uM 9 inflexinol ©] &2 A]Z1 & FITC-labeled
annexin V assay & AdsslS u &5 &2 A XAEA F =

2¥7F BEEAT (19 2).

e txto] Hld] emodin AP ¥ FE oEFHOFT

12



inflexinol #8 & ¥% oA o=z =7tstat) (18 3A). Panc—

1 % MiaPaCa—2 &Y HNEFE gemcitabine ¥ emodin,

inflexinol < W3d3ste] ZZAAS Wo|% survivin 9 23
tfz=el Hl&ll emodin AgatollA FFAsklal, Bax & #HdES

el dl&l BEE A mdeA Skt (2" 3B). Panc—1
MEFE  gemcitabine ¥ emodin, inflexinol & W3l
ZZAAS W], inflexinol X574 tjZzTo] Hld] NF-xB 9

AT AAGA FaHe el B (21 30).

13



(A)

100

-
o
L

Cell survival (%)
[ (=]

[} o

1 L

(B)

100

-~
o
1

Cell survival (%)
[ o
(=] (=]
L L

Emodin (uM)

.‘-‘-‘-

¥ 1. Panc—1 (A)¥ MiaPaCa—2

emodin ¥ inflexinol

N A w5 9

20 40 60 80
Inflexinol (uM)

- Panc-1
--&- Miapaca-2

— Panc-1
--&- MiaPaca-2

B) #AGL AxFel

S 48 AJ7F Bk A st MTS assay =

14

249 AZ F4 oA adst BzAn,



Apoptosis (%)

10uM 20uM 40uM
Inflexinol Concentration (uM)

7% 2. Panc— 1 #& AEF ) inflexinol < A g8t FITC—
labeled annexin V assay & Ald3 Ay L£F JE£FH <l

Zet

i

AEARA F = 37}

15



(A) ®)

Emodin Inflexinol
Con  20uM 40uM  6€0uM Con  20uM 40uM  60uM
Survivin
Gem Gem
2uMm 2uM
+ +
Gem Gem QEDmEI Gem Gem 2EOmM
Akt _ _ Z&M ZiM f S :’
Gem Emo Inf Inf Gem Emo Inf _Inf
Con 2uM  20uM 20uM 20uM Con 2uM  20uM 20uM 20uM
- - v emese  semees
it E
Panc-1 MiaPaCa-2
Gem
10uM

+

Gem Gem Emo

10uM 10um 10uM

+ + i

Gem Emo Inf Inf

Con  4ouM 10uM 10uM 10uM

Panc-1

79 3. Panc—1 ¥ MiaPaCa—2 & AT emodin &

inflexinol & A& $t $°] MxAdAre} AdE &

it
i
1o
1y
T,
)
(o3
2,
>
2

(A) Survivin ¥} Akt o] ¥dHL emodin A & &% oFEHO
At Bax 9 2Ee inflexinol #E & % oEXHO
Z7lst= A7o]  #AFHTLE  (B) Gemcitabine ¥ emodin,

inflexinol & W3$ste] A& A-$ survivin & HdES o279



2

emodin, inflexinol < W335

tztel mlel NF-«B ¢

vEET

= ABTANA F7tstE Aol

17

#Hrh (C) Gemcitabine ¥}
739~ inflexinol #| &+l A

A HaE= 270



AL M EFA emodin & inflexinol ¥ QW2
AE 54 A 23

Panc—1 #&d META ZH7] & %2 emodin 10 uM,
20 uM & 94 92 FE9 inflexinol (0—40 uM) 3z} g ga}o]
AA= g & 48 A|ZF Aol MTS assay & Algst A}
inflexinol ¢ #% 9E& Az F2 oA &¥7F emodin °l

sl ¥ JEHoR FAHUG (17 4).

H A M EFA gemcitabine o] 23] I
MEADAL F-50] t$ inflexinol & F&

Panc—1 % MiaPaCa—2 #H&d AxFolx 77 & 5529
gemcitabine 5 uM, 10 uM < inflexinol (5 uM) 3} H3te] 22 %]

st % FITC-labeled annexin V assay & A3t o &% o+

Al MEAEA F 5 &7 BHEE T Inflexinol & W8S
3% gemcitabine WO E FoIsigls w&l wlwsto] 2lsHA
o AR MEAEAF 7 #EEAT (2" D).

18



100

Cell survival (%)
o =4
(=] o
L L

L]
[}
L

»

1% 4. Panc—

1 #HZd AMEF

20 40
Inflexinol (uM)

—& |nflexinol + Emodin 10utd
--&- Inflexinol + Emodin 20utd

emodin ¥ inflexinol

=

yaksto] AHgsk & 48 A|IZF o] MTS assay & Aldst 2y

inflexinol ¢ %

oste] B o

A o
- —

Jg&q Ax 2

2 SAEe a9t

19
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(A)

Panc-1

Apoptosis (%)

Gem 5uM Gem 10uM Inf 5uM Gem 5uM + Inf5uM  Gem 10uM + Inf 5uM
Concentration (uM)

(B)

MiaPaca-2 |

50+

40

Apoptosis (%)
g
1

N
©
I

104

Gem 5uM Gem 10uM Inf 5uM Gem 5uM + Inf 5uM  Gem 10uM + Inf 5uM
Concemtration (uM)

20



7% 5. Panc—1 (A)¥} MiaPaCa—2 (B) 339 AxEF9
gemcitabine ¥} inflexinol = W&3ste] A zlstal FITC—labeled
annexin V assay & A3t A} inflexinol & BT AF

gemcitabine ©50® Fold 799 Hlwste] {FoetA =

flo

B AEAEA FE7F #EET SAFCRE {FoF zbolvt

A AL ¥ 2 EASAT (P<0.05).

21



TErl-AE o] L3 FH AU o]F o] gl o]
NA gemcitabine & FF T2 A @] dist
emodin & inflexinol & %3

Panc—1 #HA&Y AXFE FToulke2o 93t HAEFsto] #H TS
faket & FoFo Hy WIE 57439 gemcitabine ¥ emodin,
wole) FF 4 oAl mE Awuge (13
6A, B). 71 A3 AT (2-5 1) EFolA thxa (1 )l Hlsl
gAH0R Fol8 £ 24 oA EnE Uehigla, Atk ol

72 e % F4 AR Ao} vhEd ehdth A HE

AR FF T4 A 2yl ¥ 2 AEFE H3Av 7 7

(1" 6A, B). AlRte] w& vwhe-2A0 FA| WstE At Ay 7}
o Zbell AL ApolE HolA ektth (1% 60).

Azt FF Ao dal "Y3eae AdE Ay
survivin &) ¥#L emodin & WHTF L+ (3, 5 T)elA
gemcitabine WA 5 (2 7)ol vl FHAE] AU (¥ TA,
B), NF-¢B ¢ 232 inflexinol < ®W&3st o+ (4, 5 1) lA
gemcitabine ®HA 5 (2 7)ol vl FHAEo] AU (27 8A,

B).

22



FF AT AZAA JEF FA] 98 TUNEL G4

Algst A¥ gExET (3-5 WHelA diEa 1 eoly
gemcitabine =X 57 (2 o HlE] MEREALY] H T
FolstAl  FAEl AT WIAAET  (3-5 ) APolE
Hluwetals W Al 7HA ofAE BEE A5 (6 DA F 7HA
oAl WEsh A5 (3, 4 ol vs| AEAEAF JETE oRE
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Abstract

Introduction: Emodin and inflexinol are natural compounds possessing
therapeutic potential against cancer via survivin and NF-xB inhibitory effects,
respectively. However, the antitumor effect of inflexinol on pancreatic cancer
has not been determined yet. This study was designed to whether the
combination therapy with emodin, inflexinol and gemcitabine enhanced
antitumor efficacy in pancreatic cancer.

Methods: The effect of combination treatment of emodin, inflexinol and
gemcitabine on cell proliferation and apoptosis was examined in pancreatic
cancer cell lines (Panc-1 and MiaPaCa-2). And then, the mechanisms
responsible for the effect of the combination treatment were investigated.
Finally, the xenograft model of pancreatic cancer was employed to notice the
effect in vivo.

Results: /n vitro, the combination treatment resulted in more growth
inhibition and apoptosis through the down-regulation of survivin and NF-«xB
with suppression of Akt and through the activation of Bax in pancreatic
cancer cell lines (Panc-1, MiaPaca-2). In vivo, the combination therapy
augmented tumor growth inhibition through the same mechanisms in tumor
tissue. However, the triple combination therapy (emodin, inflexinol and
gemcitabine) did not show more tumor growth inhibition than the
combination therapy with gemcitabine plus emodin or inflexinol.
Conclusions: The combination therapy with emodin, inflexinol and
gemcitabine enhanced antitumor efficacy through survivin and NF-xB

suppression and Bax activation.
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