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Abstract

AIM: To investigate whether bufalin induces
apoptosis of human pancreatic cancer cells via
the JNK signaling pathway.

METHODS: The cytostatic effect of bufalin on
human pancreatic cancer cell line BxPC-3 was
evaluated by MTT assay. The impact of bufalin
on apoptosis and p-JNK expression was deter-
mined by flow cytometry (FCM) and Western

blot, respectively. The mRNA expression level of
survivin was detected by fluorescent quantita-
tive PCR in BxPC-3 cells treated with bufalin in
the absence or presence of a JNK inhibitor.

RESULTS: Bufalin inhibited cell growth in a con-
centration- and time-dependent manner. BxPC-3
cells treated with 0.16, 0.32, or 0.64 mg/L of bu-
falin for 48 h had cell apoptotic rates of 19.36%
+0.39%, 40.69% * 0.44% and 59.63% + 1.14%,
respectively, showing a significant difference
among the three groups (P < 0.01). After the
JNK signaling pathway was blocked, cell apop-
totic rate decreased significantly (P < 0.01).After
bufalin treatment, p-JNK expression was up-
regulated at 1 h and reached the peak at 2 h. The
mRNA expression of survivin decreased obvi-
ously after treatment with 0.32 mg/L of bufalin
for 48 h, but increased significantly when the
NK signaling pathway was blocked.

CONCLUSION: Bufalin can induce apoptosis
of human pancreatic cancer cells. The anti-pan-
creatic cancer activity of bufalin might involve
down-regulation of survivin mRNA via the
SAPK/]JNK signal transduction pathway.

Key Words: Bufalin; Pancreatic cancer; Apoptosis;
Signal transduction
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¥ 7 3 RV A A MM BXPC-3 48 i48 hJs,
A e (flow cytometry, FCM)#sit 2m ¢, 2]
B Fotm BB T, Westernbp i s 4| %2 & 2 1
JABXPC-3%m /5 SAPK/INKAZ 5 18 70 i &

www.wjgnet.com



R, 5. ESRNIBINKESEBASARREDRNETC

101

oL, %62 FPCRAEM Survivindk EmRNA
8 F R KT FF AR P INKAS 5 18 9% 5 JF A4
B [T AT A% B S 4w B8 T Survivind EmRNA
9 Fk .

LR MTTHN A% A& 2 s AR EBxPC-3
mie A R E N IFAER, AR RE AN F
FaVE B 1A) A%, EAB % 0.16+ 0.32. 0.64 mg/L
e FAR AR 4m RS 44 4m LB =
FE o H 419.36%+0.39%. 40.69% +0.44%.,
59.63%+1.14%, 53+ fE202.24%+0.37%
BRHYKH L EMHZ7F(P<0.01); ¥EHZERA
MERR S 4 i1 hJE INKAZ 5 38 384307, 2 hik
YAl FABTINKAZ 5835, A &9 2 %A%
(P<0.01); 0.32 mg/L¥% 7 & AF A AR IR 20 L
48 h)zSurvivin mRNA#) & A B 2 F ;L
INKAZ 538545, %53 FAF R ATRIIE 20 o6
Survivin mRNA# %5 9 2 _E .

ZEid: ¥ A R B INKIE 54 58 % T AA MK
B 5% BxPC-3 40 it Survivin mRNA# £k, T4k
B SRR fa LA T 6 AL
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1.1 A BRI 4 i Ak Bx P C-3 ) T~ P B} Bt
A TS T iR R (bufalin) iy HE & N
BN T, Gl =98%; INKF S M i 4 551
sp6001257 T3 [FHSerologllcaisA l; MRNA
i HIRNAiso Reagent. %¢J65E imPCRIR
V) B A TaKaRazy w]; H -3 1 i S
(GAPDH). Survivin I NUf51¥REE t ik
W3 AE RN AT BR 2 Wl vk IR 5 e, b
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5"t A ic LA ¢ G FEFFAM(6-carboxy-fluo-
rescein-phosphoramidite), 3'ibrict b4 K 2 ek
HTAMRA (carboxy-tetramethyl-rhodamine). 15|
WA R _Ed514): 5-GGTTCATCCAGTC-
GCTTTGT-3', FiiE514: 5-AATTCTGTTGC-
CACCTTTCG-3"; N ZGAPDHAE Ky, L5 |
#): 5-CCACTCCTCCACCTTTGAC-3', 5]
Y): 5'-ACCCTGTTGCTGTAGCCA-3'. &ffi. &
WIE . JoK SR o3 dr 4.

1.2 773

1.2.1 MTT3R Z %% & 3 AR 20 foL o A
KR AR O EUE K N BB X PC-3
Y00, A0 R B 252 X 10%mL, PAEEFL100
uLAZRT96fLEEFEM T, £50 mL/L CO,. 1
FRSE . 37 CHHFE T iR 9524 hJS MIA100 uL
AN TR BE B TR O ) (i 7 R, A I AR ALY
i 75 R SE 2> 4 0.04. 0.08. 0.16. 0.32,
0.64. 1.28 mg/L 655, A5 il 541
AL, JEBIE A AR R, dRegE TR 2l
24, 48, 72 h 3P WAHIEATMTTLE L5055
R SEI S AT R LI IR EE NS ¢/L MT TR
20 uL, 37 CHEEYGHFRIRLEET TR 4 h, FAMTTIE 5
Jyformazan. HEFLINDMSO 150 uL, %10 min,
WA ffiformazan 7873 %%, 10 min)& & T HEFRIL
570 nmAS MO GREA(E, LA AP I 2%,
F LR AT SIA: gii A K2 = (1-
SIS AL P IAE)/ R IR AL P RIA(E X 100%, LA
SNV AN FAE AR I #.

1.2.2 AR gmpasubn: N BEBxPC-341 il H
RGN HOA K, o MG IR 7712 h
4 i A 254k, $£0.16+ 032 0.64 mg/Lifs
R, 20 pmol/LIFINKA I #sp6001254H, 20
umol/LIINKAEIFsp600125FF ZHl1A4L, £
7748 hJa, e AL AN B T 10 mL 0
L SRR 4N M 55 5 41X 10%mL, 1 000 r/min
B0S5 minfa A BB TR, W S gk
7%, 1000 r/minfj»5 min, 100 pLFRIC
ARG, =W EEDEIE 15 min, 1 000 r/min &L
5 minPTE 4L, % & L2 VRUE 1R, I\ Annexin
V-FITC /PI##5 pL, 4 'C N 20 min. 54
400 pL PBS, Ht X 41 f2{ (FACS Calibur, BDA
A R A AR T . SRR SRS
JIA~ 40, H cellquest A3 A 40 B 03 T2 15 100
1.2.3 Western#pid iz 4| INK #5882 40 #5541
il ff FH 74 (P B ST VE2 K, W FEPB S, A
TOA () R ) A BT, R S5

A7 B A 5

Ye A F RSP
8 B AT AR,
W R KA
WA, 423t
RS 69 AE R B kR
JLARE.
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b ML E
INK 4 #% F 4
AT,

R FURIRIE. SO pg b 8 (1R AES DS R
B H vk o 2 e, RS RPVDFE, IRAES%
BSAWW T I IR 1 hEAR P E gy 5 45
. B BB 4 CILAL TBS/THIS
WK, BEURS ming FEIANHRPRRICI 9, %00
H1 h, TBS/TUERL3IK, B Smin; [FIAETTiEbRIL

IIANAB (5 - HIHRP4E &), fEBio-Radff]
P22 R RARA L 5. SRS HT IR A, 1
IKFERHULL.
1.2.4 RAZFPCR: Frifs g RFRE 229K SN
0.32 mg/L, &b FE N B 40 i 48 s I Bt w1k
OISR . K -2 40 53 53 N2 mL RNAG-
s, 1% 1t B PR U RNA. 1 pLERNATE20 pLAA
FP % AR UERR P AT OB 5%, IOV AR 37 °C
15 min, 85 C 5 s. Survivin lIGAPDHZ:: K %¢ Yt &
HPCRJX MW AKR R U R : Premix EX Taq™ 10 uL,
Rox Reference Dye 0.4 uL, b Fi#514450.4 uL,
PNHRET0.8 pL, ddH,0 6 uL, cDNA 2 pL, 3520
uLAK R, N AR R FiEYE: 95°C 10 s ; AR
P£: 95 °C 5's; 1B KIEMH: 60 °C 31s, 40MIEFR. 2L
% ABI 7300 SDS SoftwareZ3 #T. A% mRNA
Feik =2 ACHH = #UIEKICHE-GAPDH CtfH.
AGAPDHYE N N Z: [, [l LAPANC-141 i £ 4
FE, B4 EmRNANRIA TR REPANC-1
AHINGT, N = FE SRR AR Rk R = 2
ACtpIIEAC SO B IBANREAS, IS

Bt 2038 R JUPEMS3. 1 22 45 - A0,
BTG, TR POk Llmean = SDRIR; 2 4F
AL FH R 35 7 224307 Fl Student's #4656
Rank sum/&: 36 FISNKLE J5 847 S8 vh 4345 41
0] LA el A 56 . P<0.05 AT Gl 24 7 5.

2 BR

2.1 ¥4 R 3BxPC-34m ity A Kk R VE A {588
TIBEUES, H 2505 RHESI R B, AR A,
B AE FH IR 1) K 24 A 5 ) 388 o 4 P 5 I
b ANTR] )R R i 7 RO B x P C-340 i i) AR
By — e A E H, 2 5 25 909K B FAE
FHISHE B IEAI 9%, 24 hy 48 h. 72 hifsig R 7 &
AR KA 2 2 (R B BT R A y =
16.28x +31.446, r = 0.9233; y = 15.334x + 37.945,

0.04 008 0.16 032 064 1.8
A (mg/L)

1 ESRXBRPC-3 MHIRLEABINEIER.

701
60 . -
*
v . * N
X a0 x
HE e
T 300 - 72h
T 20+ —+—48h
——24h
101
0 ‘ ‘ ‘ ‘
0 0.3 0.6 0.9 1.2

IR (mg/1)

B 2 ESTINBPC-3MREKNHERSHEELEXE.

r=0.9155 ; y =16.862x + 43.756, r= 0.9054(y 4
FRH%, x A MERE R, C K RED). 24 hy 48
hy 72 h ICsCEEAMHIHAR £E) 7371 1.14 mg/L
0.79 mg/L. 0.37 mg/L(K1, 2).

2.2 ¥ 7 3FBXPC-3 48 I8 B0 649 % vh s TR RAE
F148 hJm, i i JE A 52 B [RIRE B ()5,
S IR ZHA L, 3N FIE 4] Gy/MII40 i Le g 44 &5 2
B N(P<0.05); HBEAE 259572 K50, GyM
(1) LE gt S 3 1 n. DA b &5 R AR R s 7 R Tl
T G/ MU B i 00 st JB s 40 B ) AR A (R D).

2.3 ¥ A& Z BxPC-3m A T Hh 0.16.
0.32. 0.64 mg/Lik &g R AF H N BRI
g2t OS2 =P S 4 )
FT-%(19.36% +0.39%, 40.69% +0.44%,
59.63%+1.14% vs 2.24%+0.37%), F LY
TR AR U, A6 s p600125 41 1 41
MO T H(1.78% £0.21% vs 2.24%+0.37%),
s 3 R ZH A R ON B e 4 s 0 1 2R 2 4R
H(P<0.01); FHWISAPK/INKAG 5% Sl % 5
s B 2 A FH N 08 9 4 S5 98 7% W BRI
(P<0.01). $& 7~ B 2 30 3k J1 i 40 g W SAPKY/
INKAS 55 IR 215 S 41 R T2(3R2).

2.4 ¥ & 3BxPC-348 JLINK 698 &4 F) West-
ernEIVZEAS M INK S W PR A INK B (. 45 SR B
X A BXPC-341 i p-TNK 55 %34, 0.32 mg/Lifs
FFRAFHBXPC-341 51 hitf INKA 3%, 2 h
IRVEAE, 29 0% BRZLT 31545 (1&3).
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mi:A2E
AT R REH
F A BTN F
R 5 We B A 2 e
pari:l il TR, S
Go/Gy E G/M e M 98 7 B AT
WIRE 59.44 +0.43 18.04 +0.88 22.52+0.35 B0 B R AT R
IBESREFIEAH 55.84 +2.44° 19.07 +2.64 25.09 + 5.05°
ESROFIE4H 45.00 + 1.49™ 18.39+1.92 36.61+2.36%
BSRSFIEH 44.12 +2.87% 16.87 +1.45 39.01 +2.84°

°P<0.05 vs WWIRAH; P<0.06 vs IEFRIFFIEA; °P<0.06 vs IESRIPFISAH.

101 o 46 kDa
0.9 m 53kDa

0.8
0.7
0.6
0.5

N

" control 1h 2h 4h  6h

P-INK S e— o am— o 46 kDa
— 54 kDa

p-INK relative band intensity (x10°)

B-actin

control 1h 2h 4 h 6h

B 3 ESRIIBxPC-3LBIRINKAEGEIER.

3.0
2.5 T

2.0
1.5

1.0

0.5

Survivin mRNA/GAPDH mRNA

0.0

1 2 3 4

4 SAPK/INKIESEBBNESRFESRREMRAET
Survivin mRNABYEZIA. 1: 1EH4HIEZH; 2: Sp6001252H; 3: ER:
R0.08 mg/L4H; 4: BEFER+Sp6001252.

2.5 SAPK/INKAZ 5 il %4 x4 5 75 R MM 5 4m
e T=Survivin mRNA# #5606 E EPCRSS
RN, 0.32 mg/LE a5 R AE TN 41 48 h
JaSurvivin mRNARFEIEW] & i (P<0.01),
TEH 40 M 0.27%; BHKIS APK/INKAE 5 % )
Survivin mRNA ) &IA W] 5 Ei(P<0.01, K14).

3 11
BN T B R 5,
HERAERBYSEREFE RERHE. LEBLS

(13 A S
IR SEVumE
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paxc] ATE

WiRA 2.24 +0.37
Sp6001252H 1.78+0.21
ESREFISAE 19.36 + 0.39
ESRTIESHE 40.69 + 0.44
ESRSTIEA 59.63+1.14
IEE RPFE+Sp60012528 16.98 +0.48

FENE S IR PRI Re A . L R SR %5 D) A
K. BRI ZE DU S 32 AARREN B s I
e TENRPH . WRARZE L. N TR “DLREI
27 HR, (LG ISRV T MR A A& A
S R R R A E IR A Ry 2, BT
i e SRR G, o178 C,uH,0,, A4
7386 kDa, Hsi /K MER G, HAT 2 (22
PEFS. IR SR B HAT B R HUs 76 H,
R R R KA. SR, &%
AR T T AT B IR A%, AR LIRS f A
BEVAT S oAb S0 bR i A AR AR,

MM T-(Apoptosis) & AEFE KA T R4l
MR FPAGIE T, IR bR T RST80T
AJRET gl IR AN, — P A W
R O 2R ) 3 A LA A i
V55 5% U P A0 i R A= TRk B9E 97 H 1.
P A E RGP AAL W IE R KE . 7
5 ZET, Al A IR v 97 b AR AR 2 2K
PN IR

JNK(c-Jun N-terminal kinase, c-Junzd & K ¥
T ) B PR A N S0 A0 B U (stress-activat-
ed protein kinase, SAPK), 1F N 22 2 i vE b 5 H
fif(mitogen-activated protein kinase, MAPK)ZJi&
oh IR RN DY, A i P R AT S e T
22— INK AT 4N, S 43 5 i A 54 kDa
) 22 A IR/ A TR e P TRl A 25 XU 1R 16 )
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YJREIX Thr-Pro-Tyr, INK5 T i c-Jun N (1) 3G
HOIX g5 A I LR 63, T30 2 H IR TR IE IR L.
INK 3% A i it L 2 BE R ik o 1 B R AL,
LA R, TN RO S R A S N T s, — HL
WS, Mo h IRINKAS A7 2040 Mk, 1850
S Fe-Jun. ATFE-2. Elk-1%5 R AL E 5L
DT ) 22 08 Bt £ 10 U 6 st A s 5 | 4
R H, 2B S INKE B &7
2. RN I B Fas iR 4515 S 40 JE T
T, FEOA IR SRR INK A 8 75 540
U Dt

TRATAE S50 Rk I R R OGN JBE R e
Bx P C-3 4 fu ¥ A= KA i1 28 3 A 1 325 1) 4 A=
FH, AR H] 5 700 & A FH IR S E AR OG; 0.16,
0.32. 0.64 mg/Ly 8055 R AE FH N o 4
JiL S P A0 PR T340 00 R (19.36% +0.39%),
(40.69% £ 0.44%)F1(59.63% + 1.14%), 5%}
20 HL A AT 3 ME 22 S (P<0.01); BHITINKAE 5
WSS, TR PR FRKP<0.01). WEEE R AEH
NBEBE A1 WS INKAS 5 B4 S, 2 ik
EEAE, 0.32 mg/Lufs#E 2 A FH N Bl 40 /048 h
JSurvivin mRNAKIZIE I~ B, BRBINKA
SO S, TR AR PR 4 ) Survivin
mRNA I ZIE I E_ETF. $ERuE 5 R a7 A
FIRLAHN L 5 S B 4N B R T %, JB L INKAS
S SR PHSurvivin mRNAJEUETE R 7 5
P 0 O T ) AL . ARSI WoN s B
REAARUF WS R R T E R, 78
TR IR 7 1] R L IR S T i
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