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Synthetic N-Terminus of Smac Peptide Sensitize Pancreatic Cancer Cells to
Anticancer Drug-Induced Apoptosis by Selective Down-Regulation of XIAP
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[ Abstract ] Objective: To investigate whether synthetic Smac peptides containing the seven N-terminal residues essen-
tial for XIAP inactivation would increase chemo-sensitivity of pancreatic cancer cells. Methods: SmacN7 penetratin pep-
tide was synthesized and delivered into Panc-1 cells. Interaction between SmacN7 penetratin peptide and XIAP was tested
by pull-down assays. The proportions of apoptosis of Panc-1 cells induced by cisplatin or 5-fluorouracil ( 5-FU ) in the
presence and absence of SmacN7 peptides were analyzed by flow cytometry. The chemo-sensitivity of Panc-1 cells before
and after treated with SmacN7 peptides was evaluated by tetrazolium bromide ( MTT ) assay. Results: SmacN7 penetratin
peptide could successfully interact with endogenous XIAP, greatly down-regulated of XIAP expression and significantly en-
hanced cisplatin or 5-FU induced apoptosis of Panc-1 cells. Combining treated with SmacN7 penetratin peptide, the 50%
inhibitory concentration ( IC,, ) to cisplatin or 5-FU in Panc-1cells was markedly decreased to 1.98 and 2. 62 fold respec-
tively. Conclusion: SmacN7 penetratin peptide could act as a cell-permeable IAP inhibitor and sensitize Panc-1 cells to
anticancer drug-induced apoptosis. These findings may lead to a novel approach to enhance chemotherapeutic responses in
pancreatic cancer.

[ Key words | second mitochondria- derived activator of caspase; X-linked inhibitor of apoptosis protein; synthetic pep-

tide; pancreatic carcinoma; chemo-sensitivity
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P 3 EH%“:O Smac/DIABLO( second mitochondrial activa-
tor of caspase/direct IAP binding protein with low PI ), J&
A EAMIF TR Z IR TN T2 B Smac 2 1138
i HA T 4 A& LR R FEC AVPL) 5 3 T4 i 25
A ( inhibitors of apoptosis proteins , TAPs VEE A TR R
IAPs Xf Caspase MO 45 AT, R AFEAL R -1 . A
WFFEHGE , 5 Y 2K Smac FEP SAH H SmacN 46 AR BE
{2 R TRAIL A6 T7 25975 09 A I TR 40 L 0 1
fORE L ARBSE i ik A SmacN i 7 IRIERLG
E2IR = AN N (el o i ORI R E (1B BN 7 3
Panc-1 4l , ¥R M0 & H 98 H DI REZS A B0 Smac &
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1.1 4k e 20 i b 5

NI AN MIAR Panc-1 AR Z A7, WM FR T
B 10% /N ILIF A9 RPMI-1640 1557 #( GIBCO ).
1.2 A A SmacN7 AUV 555 Rl-E £ ik

#F SmacN %5 7 & FEFR( AVPIAQK ) 8 Bl i & ik
T K SR i 2 SR TR T 2R R AU R B, B
AL ZE 3% A0 A A 2 K SmacN7 (- AVPIAQK-P-RQIKI
WFQNRRMKWKK ), X B ik &y SmacN i 7 ik 4 B2 1) HE
51]( KQAIPVA-P-RQIKIW FQNRRMKWKK ), H: C-¥i 44
HWATHE R R IC. DL EZ IRl SR V5 % ) A MR
HABRA A G, HAiRE R T 90% .
1.3 4 Tk

Panc-1 48T 24 FLEFFE M 2 x 107 cells/FL )55 ##
BEXECE R, 5 SmacN7 41 i %8 % K ( 20, 100, 500
pmol/L )5 X B K( 500 pmol/L)#EE 3 h )5 , ZHRIAHN
I 25 R B, 43 S A GAA( 8 pe/ml ) Bk 5-FU( 100
pe/ml ), BRI 3 AN AL, ARLEEE IR 24 h e, B AL
WAL, A T ml PL34EC 0. 1% kR =41 .0. 3%
Triton X-100.50 pg/ml PI.100 pg/ml Rnase ),4°C #E
YEH 30 min, FCM K&l DNA & &, J8 T- 41 L34
AR T
1.4 JPIyEg

H W E FRIC BT SmacN7T 40 M 5 5 Kk M % FR K 5
Panc-1 4HMIBEE 3 h, JBERGIE AL MR 40, ¥ PBS PR
2 W AR A F P PR 2R W L% 4°C, 20 min ), 14 000 g
B0 15 min, BSR40 pl SEA RFR ORI IE B ER
J¥E 3 h, SRS 7E SDS b ARG vfil rh T 70°C fn#4 20
min, [P 5 SmacN7 40 2EE IKES A MR A TLE G-

2233 10% SDS- PAGE HL3k F Western blot 6,53 #7 .
1.5 Western blot 73 M AHICIH -4 F 2R3k

W 45 Ab FEZH 41, RIPA. 24 50 mmol/L Tris-
HCL, pH7. 4, 1% NP-40,0. 25% SDS, 150 mmol/L
NaCl and 0.1 mmol/L. PMSF ) ) $2 41 i 2 4, BCA %
W B A, S 40 wg MR E T 10% 3% 15% SDS-
PAGE JKEHE K, 2R 5 ¥ 3] PVDF J( Westran, Schleicher
& Schuell ). F & 5% G W3 %3 (7 PBS & 1 ( 4°C &
%), R39S Bt A XIAP #.471( BD PharMingen )
AT B-actin BLHT( Sigma ) F , #5401 HRP 451
B digh G, a2 &6 ECL ) s i f4.( Western blot-
ting Luminol Reagent,Santa Cruz ).
1.6 MTT i 40 i fhyy 24 9y fUsk

1 x 10" Panc-1 A4 T 96 LG IR, 15 3% & %t
AR, AL 500 wmol/L [ SmacN7 21 ifd %
BRSO R F 3 h 5 AR OO ABEAC 1,4,8,40,
80,160 pg/ml )8k 5-FU( 10,50, 100,200,500, 1 000
pe/ml ), B 3 AN AL, 4L /E 24 h S, A 20
pl MTT( 5 mg/ml ), 4REEREFR 4 h, B0 35 R E IR, N
A 150 wl DMSO, BEFR G 5E 570 nm Ab W6 REC ADE,
IR MAE G R % ) = A SCE /A X HRZL x 100%
224 ) s R K I A A0 i A K R 50% 1 Ak)Y
25 B 1C, .
1.7 Giib2ehbs

JTA e A A 3 WK, 45 R AR + A 22
(x+s)FoR. ML LBER ¢ K, P <0.05 Ronf
WS

2 5 R

2.1 SmacN7 41257 k-5 AN B9 XTAP FHSS &

W FEFRICH) SmacN7 41 555 K55 Panc-1 401
YEF 3 h )5 ISR A Z AR IC 0 B e b R L DT e & XT-
AP BB AT Western blot 438, 45 5 /R & LAY Sm-
acN7 fill & 22 K 1) ff 8 325 3ok 40 e 5, 5 40 L 9 1Y) XTAP
FHEE G, T SmacN7 K76 BN fE S XIAP 45 & &
1),

2.2 SmacN7 40 533 KX ST 259015 1) Panc-1 ZH
JRLYR T 4 R )

Panc-1 4l it 5 SmacN7 4 g 77 355 ik ( 20, 100, 500
pmol/L )& %} I BK( 500 pumol/L)SFE 3 h, A A%
5 5-FU £ ] 24 h, I FCM &4 g -, REMmR
CETTEICE 2 ), T B VR AN R 75 = 45 /0 4t i oA
T, {2 5 SmacN7 20 i 25 175 IR FH 3t L 70 A0t 1
K AMMFI T 5-FU 55 SmacN7 535 KB FH 418
PAFFEAE S50, 2501 %201, 100 wmol/L 1 500



<176 -

of E A IR T AR 2005 Seps 12(3)

pmol/L SmacN7 FIBRK + S 25 A A A He 22
5 HA (P <0.05, 18 3 ), 1 SmacN7 %75 Jik 50
N HH T REK 55 245 4 30 FH X6 4t B R T T B e AR A .

B 1 SmacN7 HIZFEME ZIKSHMA XIAP HES
Fig. 1 Analysis of interaction between SmacN7

penetratin peptide and XIAP by immunoprecipitation ( IP )

2.3 SmacN7 40 it 2855 ik 5 A y7 25 My B F X XTAP 5&
K B 5

Western blot 4347 i, 75 Panc-1 4l J)f 3 15 4% & /K 3F
XIAP, 5 A b 35 20 Ko %of FEKAE FH AL AR L, SmacN7 4 i
375 K5 AR E5C FH AT B & R 9 XTAP 3R 3K 7K ( DL 1A
4),5-FU 1E T 2R 30 Rl B 1 52 40 25 1 (88 K 31
.

2.4  SmacN7 408555 IRXT Panc-1 4004k yy 259 MU=
P 5

Panc-1 40 g % 4H . 5-FU 19 1C,, 18 43 5 h 44. 4
pg/ml 526. 2 wg/ml, i A SmacN7 4fi i 5 3% ik ( 500
pmol/ LOVEHIJE , H 1C, B4 5124 22.6 pg/ml F1201. 1
pe/ml, {ifi Panc-1 XFI4H \5-FU HR0EE 2> B3R5 1. 98
R 2. 62 %, i %F FEBE( 500 pwmol /L ) Ab B 45 41 #Y i)
1C5o B 5 AL FZH AH L JC P ik 22 (/L5 ).

33 i

Pt 2 — R 1 R 2 TR e 8 2k R R S TS AR
RL A AT S bR, T AR LB AR, B T A 97 7 i B
FELE AT M, A L 5-FU S5 R Ay 1 A g
WHAIT 259, Hy7 BOF AR A AW . B by
e T2 AR T IR R A0 , R A P LR 4% 572, (H
2225 BT 50 35 1 PR 9 24 2K 380 17 3 8 6 5 40 i
=17 SRR S T WA B R 25 0 1 R
B TGO A0 M R T BE 0 TR A o T2y
o T R T A R R TR VA T R T R R A 2
— o DRI B I U T B S R AR A O Y P 9
PR A5 T R S0 e Ra 400 L 6 A7 RS

B2 FCM 4341 SmacN7 &K 547259 BX F BT 2L Panc-1 4ABEE T

Fig. 2 Flow cytometric analysis of apoptosis of Panc-1 cells induced by combination

treatment with SmacN7 penetratin peptide and cisplatin or 5-FU
A: Untreated; B: Cisplatin; C: SmacN7 20 pwmol/L + Cisplatin; D: SmacN7 100 pmol/L + Cisplatin;
E: SmacN7 500 pmol/L + Cisplatin; F: Control peptide + Cisplatin
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TAPs 15 Wi 7L 5 490 40 14— 25 P9 O T okl 4
B RTRCZ TR A0 U T R R . TAPs %3k
R K 2 R A M F) — SRR R AE , G XTAP
TE AL TR 75 A 14 22 i 8 2 i 25 23, O 5 i
SR A0 X A7 25 0 (R T 25 R DG T TAPs A B 2
B G, TR AR B S T T Smac/ DI-
ABLO Fde o X £ S MARATT 5T A9 7R i Smac 1
THHT 4 MEIEER AVPL 5 XIAP B9 BIR3 45438 F 1 M1
MIZE 4 H N 3PS T45 4 1APs I BT HCHT 8 T 1
A @D BRI Smac S FRIBUIN ] TAPs
JH T B8 69367 HAT VA A1

E 3 SmacN7 HFERUTHY
%51 Panc-1 ZHAUA T IR
Fig. 3 Effect of SmacN7 penetratin peptide on
apoptosis of Panc-1 cells induced by cisplatin or 5-FU

#* P <0.05, compared with anticancer drugs alone

4 SmacN7 fARFERKS
LF 2B Xt XIAP RiERISIE
Fig. 4 Effect of SmacN7 penetratin peptide on XIAP

expression combining with anticancer drugs

A58 A 2E A T AL SmacN i 7 SRR
Il A 1) S0 ok £ 5 S TR T 2898 TR A 0 2 1K, T R X
Pl AR SO DR ok 24 1 F T A e, B AT R G 0 5 36
AR BLT RS HUIIE S e X —
Smac N7 filtf 22 K 0 RE 25 1 4l I, 5 P9 VR XTAP
it WSS SRR N A Smac N7 40 il 28 i
JIK fiE 25 1 88 40 B 5-FU 5504 Panc-1 40008 T, 1

HXFMEA \5-FU B9 1C5 53 B AR 1. 98 %5 2. 62 i, #215
Panc-1 41 (ALS7 U . Fulda 25 BFSTIESE 5 K
SR Smac 2N 7 K5 —FP A 5 S ORI
A AR S TRAIL SAby7 25 W0 H , RE G SR IR AP B 3% 1Y
ol 28R A0 LIRS 200 L LA AR SRS A IR X R T ) AR
ARG S H

B 5 SmacN7 HAE % & AKXT Panc-1
MRaL T B R R I
Fig. 5 The chemo-sensitivity of Panc-1 cells before
and after treated with SmacN7 penetratin peptides
A: Cisplatin; B: 5-Fu

5T 3 W, Smac 5 XIAP 454, 0] HAZ MR XIAP
X AL R A SR B I C caspase ) M HIVE A, —
H XIAP M caspase i 25, BME 25 512 R A6 I 9 & 11
st ARTFGESE SR R, Panc-1 40 i 36 3545 &5 K OF
XIAP, 1fif SmacN7 4 il % 325 Ik 5 1k J7 25 5k FH 6 B
T Panc-1 4l XIAP k7K, M SmacN ¥ 7 KA
SR IR IKANBE S XTAP 254 /1), 3 H IR M1k
FH 327 SmacN7 4 i 28385 K 1T BEE 2 T I8 e i g 20
P XTAP 35 , 390 7 968 4 U8 T HRPOIRAS | DA T 1 5 H:
A7 ik

AT S5 R R BIN AL B 8 A D Re4h t Bl iy
Smac A BUIKAVE A —Fh TAP A %M 49, o7 LAXHE 13
FRUEAT T 00, Jhy IR B 368 1 A= 036 T D Il Ak g7 42 44 1080
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TRLY %1 CD32 £ 5 SRS A BIRE T DNA ST R0E 15 R WA R R
£ i

RGN BERAE( SLE )& —Fh DAHLIAR =25 K E VDU B8 (A RIPT DNA H S HUACRRHE R H B Be it . AR
KB, AR H TR Y TFPN-o S fil e SLE B G 1 24, 375 17 5 B500 B0 407 1 D 3R 1S

LR ARURE T SLE (35 196 2 A W)( SLE-ICs ) Al S 41 A i 4% 4 i PBMC ), iR T30 Ath-IE SLE 13 B S &
1 1Cs( non-SLE-ICs ) A ELA X FE M, #E— W82 & BH, SLE-ICs B2 45 M8 PBMC A 3% 40 i BE ) 9 1k 41 i pDCs ), BAA%
ST, B 290 LR 5 20 ) W 4 - £ A 7 )8 B F( GML-CSF )b Bt ) 22 T80 4% (1 4 (. PMIN )3 Ak 4390 1L-8 , %) T 41 i,
T CABERER ZE R A mDC ) FET LAY PMNs B0 BIAE A o SLE-TC X330 85 41 i %) il e 17 5 3 B S 70 A 40 i 28 38 w8 /K
) TLRY, 1fii T 4, mDC I E A PMNs A 235 TLRO 5. SLE-ICs ni% S pDCs f=/E £ F5 5 SLE fi5 BRI 5 (i 1k B 7 Fn
YR T, IS AR #a 1k PMNs, NK 20, A B mDCs AN T 20 M iRt 7, LLBAR 4 41 R F 1L-1b, IL-6,, TNF, IL-18
1 Th1 40K F( IFN-y F 1L-2p40 ), T BLALAY anti-DNA FLIAFN non-SLE-1Cs #RARESE pDCs i1k, F DNAse Hi GRS SLE-IC
H% DNA J&5 , ZBLAERH IE 90% ~ 100% (1) pDCs &4k, i 1C 7 () DNA 4%t pDC ARG J2 2075 19 5 20 A IV 1 i A
AL I SLE-ICs J5 , RN SLE-ICs MY 1 87 B W TR , {22 A FuGENES FIAKEE A B uk B & M B /K # f5 19 SLE-IC
B BAR 3 pDC, & P pDC X AERE T 772 IFN-o, 260 SLE-IC H 4 Ig AT REME#E DNA #EA pDC. #t— ] SLE-IC Hliia &
ik TLR2,TLR3,TLR4,TLRY & MD-2 f#§ HEK293 #fi Jifd, & #L R A 335 TLR9 Y HEK 4l 8 XF SLE-IC A [ %, 1] TLR9 5
SLE-IC BY¥GTEHAE 3¢, 24 FuGENE6 Al SLE-1Cs FE[FIfE A TLRO (9 HEK 40 ffg i Ho 45 5 FAUH SLE-ICs = 5 £, 24 D
¥ GpC-DNA ZEAZ T R 5 sl SELWT AU IR A BRI 5 A 48 %8 5 SLE-ICs SL[RIVE M pDC i, & 3 TFN-a A9 2 i B WA . gt
Ui B SLE-ICs 1) DNA W52 HEK/TLRY i Bl 554 o A itk — 25 B F M — 28 FeR 25 SLE-IC 5549 pDC i1, il id AN
] FeR B FPUA anti-CD16 , anti-CD32 , anti-CD64 , & ¥ H A anti-CD32 FHWT T SLE-IC §i%1k pDC %35 IFN-o FIN A SLE-IC, 1fif
H#3K TLR9 M CD32 9 HEK 4l i Xt SLE-IC f 57 25 A {2 5% F X %35 TLR9 9 HEK #ifiid, % W] CD32 Al SLE-IC 1% 3% %4
TLR9., N A FZEEFRICH TLRY, CD32 4 it & ¥ SLE-IC #1305 , TLR9 , CD32 7 41 Jitl P T 37 /34 , # 2% SLE-IC, TLRY,
CD32 &R FF—/NuW , I SIEEHEASE A, AN BL, CD32 b 1C IS (7] Ho0 4346 , W1 CD32 Rl SLE-IC 3218 TLRY
FrAE AL B R 546 S0 LA EBFSE R SLE-IC X pDC AYITEJE 1 CD32 /5 SLE-IC #i N4, 751 § &4 1g-DNA &
BYN/MES E TLRY PN RIAR &, 2t — 2 UE AV BHA , S22t DNA A1 TLRO AHILAVEH , Wi N i E SHLHG L pDCo %
R LN SLE MRS R HE—AH A )
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