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FEE  FTAEWR R AN R E AR, R I VA PR I 25 AL T 0 R AN A AR X CEBE T E O
(X-linked inhibitor of apoptosis protein, XIAP)Z X H %1582 % K562/Dox (I 85 25175 5 ) i 24 240 o K Ak v PR K BUIR 24 1 1) 3%
W, E G 21K KS62/Dox 4H bk, LLAR XTAP 7T 24 40 Upk I IE 3 K562 4 Ak RIE T Ol M S XIAP [ U HE %
BRI, 2R PSS i 07 A A DA B T PGP RO Z2 A 29 (s . D940, SRS M AZ s RO AR Y, 5 328 o i 2 2
RGPy U A, T I G = R B XIAP ROSCEEAZ IR, X ML S A F SRk 8 HOG 2521k B ik e 19 B (after discharge
threshold, ADT). Ja Jit Hi i) 7% (after discharge duration, ADD)%% HLAEFE SR AR 2. 45 R R DL, XIAP {F K562/Dox [if 25 41
M bR 0 W S v T IR R KS62 N, XTAP R SUSEAZ 1T IR ¥5 U K562/Dox i Zi M J5, XIAP [MREW B FRE. S8T
K562/Dox 4l M e 5 5L B 7 1K) B, T ELO K Z2 SR R T G T (R 24 P B 2 N B, 15 4300l R (1 978.2 = 90.3) mg/L il

(1875.6 + 83.2) mg/L, BRAKEI(1 123.5 + 54.2) mg/L Al(1 084.5 + 60.6) mg/L, WHEEE4 N 1.76 F1 1.73. [RII sh¥y 925 &
W, WA KRAL T XIAP R LGRS, ADT M W T4 41(P<0.05), ADD BB R4k, Likgs Firm,

XIAP 71 24511 K562/Dox 40 MR FE AL m#ein, T XIAP 18 K562/Dox 40 i Ak 36 i 7] LAk 3% K562/Dox X - Ty PG S Fil 25 2 3
BT 29k, T EL N XTAP RIA T LAY AEDs S 245 K B AR HING 8, 3808 XTIAP 25 T 3 ia M0 i i 2.

KR XEBETIEIE S, W, W, RXEZTR, AR
ZRIHES R742.1, RI7L6 DOI: 10.3724/SP.J.1206.2009.00709

KEY 30% 2e A7 R 83 0T DA I BURUI 25
Y (antiepileptic drugs, AEDs);=/Eiy 251, KAEA
REAR L o ol 22 24T 24 1 A0 L rp 47 0 B 224
. W % 2491 2% (multidrug resistance, MDR)E
TSR PEATARRS A OLE]. BRI, T2
TR A A AL, AR TR AR R PR T 2y
PURITHRIMER], HATRATE 2. XOESTE T &
[ (X-linked inhibitor of apoptosis protein, XIAP) &
T e F7 2K 1) caspase $04), "B IR IH T3
(EXii o=y 2 SCINPNELG TR AN G SR e

1 MHR57E

1.1 TZRatk KS62/Dox HIES

AL I 40 i Pk K562 5 B HT 7% T- RPMI-
1640 582 H FR WM (& 15% /NI, HH R
100 U/ml %5 2% 100 mg/L).  BUG A K35 K562
400, B %% 2 (doxorubicin, Dox)Z% 10 mg/L,
37CHCE 2h, SO, $595T 564 RPMI-1640

Ik, FRATITEmT 2451¥) K562/Dox 4 i ik S HE 6 P4
KRB L, W% XIAP Sz SCREAZH IR HLTie 25 1
ISEME, T % XTAP (R 25 L6 i/ .
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W, Rk R AEK S, R Dox &b, HAE
YN SRAF 25 EMTT V54 fe , AR BR A R 23Rk
R bE, SR MILERERT SR T 0.1 mg/L
Dox [REEFRIE . 2540 RAE o2 8557 7~ 28 K
I JEAT RS
12 RXBEZEBRIEHR &SR

XIAP (MR AL R, e TAEY) TR
FRMS AR A A G . A T s R SCEZ TR
FsE e, W T AmAR . Fawr K UP
5|, 5 GCTGAGTCTCCATATTGCC 3', # X
%, 5" GGCTCTTTGCCCACTGAAT 3'. & X%
T 1 s 4L 4% IR Lipofectamine™ 2000 it 7] 5 B 15
BEATERAE . OG0B KU K562/Dox 41 AL, T E I
W~ LPUERRTFRAVE 2 8, K5 LRI
IR TS 1x109ml, $ZBEFL Sx10° /N4l e fh
T 24 FLEFFEMR. B XIAP & CE MR I T
M P E R R R, L& ER
900 nmol/L. 4 Lipofectamine™ 2000 FIGILIE &
PIAEREFWERNE Smin J5, 5 XIAP & &
BHRES, ZPHE 20 min, & 7T 37C. 5%
CO, MM LR FRAR 5, 5 6 h [EfLIMA
20% MRV IIE. 430 T4 S 24 h BCH 40 1.
1.3 Western blotting

SOy S SCEEAL R SRR TR Zon) R AL RN 1
K562 A 2. HUANME 1x10° A4S, $EEUE M.
il % SDS-PAGE, INAFFHLK, A s vk 25 &
WRIECHR I 5 A F k. SRRV, ¥ PVDF i
BN 10 g/L AR YK BRI ALl 1Y) TBST )
MR, B TACTRRIR L, = EM 1 h, AR5
TBST §&VE 3 ¥, B 5min. J TBST BC it
CNEPTA 11 500), Kf PVDF BEEON BC I I BTARF
B, 4C i, TBST #EYE3 X, AKX 10 min;
JECNH TBST B il HRP A5 32 1 — 1 (¢ b i
1:2000), =id2h 286 KA
Bio-Rad2000 %Y %t )k 4 R g H i m . N H
QUANTITY ONE X EA7 W 3 b o 2K
B, REEATMRIERE.
1.4 RT-PCR

4 Jfl 5 RNA JH] Trizol v 42 B . K J] MBI
Fermentas A ] (1355 % S X 71 & 24T cDNA & k.
XIAP 5 B-actin 5|5t L3 kA Y) A |l &
G A MAH G Bk 345 JF/E GenBank HidEAT
Xk, 2 BPFUF: XIAP 1R 5’ ggt gat aaa gta

aag tac ttc act gt 3, X [] 5 tca gta gtt ctt acc aga cac
tectcaa3’, P44 187 bp. B-actin IF[1] 5’ cct cge
ctt tge cga tcc 3’ , Jx 1] 5 gga tet teca tga ggt agt cag
tc3', FEMIZ) 620 bp. PCR KNGS A : 94°C
Az ¥ 5 min, 94°C AZPE 455, 65C 3 K 1 min,
72°CIEMH 1T min, {28 K, BIEM 5 min. WY
77 AE 1.5% B IR B RS B R Uk, SR 56 E
GeneGenius #E J5 HL VK %A% 28 48 0 H H IRk DRI
B-actin R IL WAL, LAl —H5A B-actin 1]/~
Iy OGE B E A A B R R % A, O
e 2R = H 3 R R T SR T /B-actin K IE
SR T AR
1.5 JC-1 46 2 AL A AR r8 {32 F1 40 B i 24 143036
(MTT %)

SEHG gy S SCEEAL . XTHAL. SRH 6 fLEE IR
B, BEALEEM 1x10040 0, A% H IR AWK N
900 nmol/L, 4% H 1R e Je 20 BRIF iy, TH Q)5
48 h, WA 1x10°41 M, PBS ¥t 1 ¥k, PBS H &4l
ML, N JC-1 (&K 10 wmol/L), 37C P ffiy
30 min, PBS ¥t 2 X, FFH] PBS Sk f, Wi,
P WA M.

FI MTT 358047 40 i 25 1 k56, LU o6
B AR 2k FE RO VR I 4P T s [ )92
SR SR TG AN I ) 2 IR BRI TCs. T 24 £ KK
(resistance factor, RF)=ICs5(K562/Dox)/ICs(K562).
I J5 T SRR T 2 0 A =X B A 1C s/
LA ICso.
1.6 BTAZ S PRERR s AR B B0 5T

250~300 g [ SD KR, HErE, 332 2. 1y
BB REBe s, #%M Goddard 77740,
LR R A A SRS RS0 400 wA
[FJ78 BESE 1 ms, MIFN 60 Hz, RFRFFEE 1s,
BEH TG 3620 R KRS O RURAT A 442
Racine [WFRHESS R 6 2. JELZEHIL 3 Ik V PR AE,
SISV IN
1.7 BHEHEEADT) B9 ENGYTHE

KA GRS, KRAE)S 24 h, KR
WO EE N 20 pA EIR, BEUGENT 20 wA, R
BRI )2 1 min, LA ISR, SRRy H y i B
B4 )5 ADT. #iE s8££ ADT %€ 24 h
JRIEATZIIIE A S 2R 2 S (phenytoin,
PHT) (75 mg/kg). 45#j)a 1 h e 245 ADT. i
AR AN 1k, HEIL 3 1 R
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IR 5 5 P (carbamazepine, CBZ)(30 mg/kg),
2 ERDE. PHT Al CBZ A 2% bR v 4 B8k T 25
Ji ADT i & 100% (1K F; fif PHT fil CBZ
UK R bR UE R 5 R 25 )5 ADT 4 AN sy 54
EPISAPNT®

1.8 XIAP R X EHZERXTZA KR ADT 1 ADD
pp=A)

GRS YU ZIET 1 h, B4 T XIAP Jx
NCFEARZATIR(2 mg/kg) M &3 55, ARG LEL THU
JHZIJE 1 h e ADT. ) o s S 45 et AR 2 R /KOS
A XIAP S SUTERZ TR A A 0T HRAL. i 24 K BB [
AT — AR A%, il AR, JEiR
HLINFE(ADD). i 5 L I R e 0S5 (- 4% EEG
T 2 /0 g SRR (9 A% RS R AE 1 Hz BA B IR
HL R I (7).

1.9 HitAE

45 iF 2% 4b BK B SPSS10.0,  FE A JA] #F 4T
Paired-samples ¢ % 5%, Independent- samples ¢ £ %
ST

2 & R

2.1 XIAP & XEZEERN K562/Dox ZHiE_E XIAP
SoE Sy A

Western blot 45 R It 7x, 5 K562 41 AH Ik,
XIAP 25 FI7E K562/Dox 411 235 W] s 1).
XIAP Jz U5 1 1R e 4 K562/Dox it 245 41 i 5
52 K562/Dox 4 41 RS EEALAH LA, XIAP
HHEKIAET (P<0.01).

1 2 3 4 Ku
XIAP S S Sm— w50

B-Actin < D G -

Fig. 1 Western blotting analysis of XIAP expression
I: Group of K562/Dox; 2: Group of mismatch oligonucleotides;
3: Group of antisense oligonucleotides; 4: Group of K562.

22 XIAP & X B #% F B ¥ K562/Dox 4 f2 &
XIAPmRNA FiZRIE M

RT-PCR 45 & i 7x 5} 25 K562/Dox 4 Jfid ) F
HIAHLLEL, XIAP X TR S J5, K562/Dox
4N E 1) XIAPMRNA I8 B B REA%, 50 B4
gt 2= m (P <0.01, K 2).

B-Actin

XIAP

Fig. 2 RT-PCR analysis of XIAP expression
M: DNA marker; I: Group of antisense oligonucleotides; 2: Group of

mismatch oligonucleotides; 3: The control group.

2.3 XIAP B X EZEER X K562/Dox £ i Lk i
R A )

WEEE R AR BB PSR, 1F XIAP
NEEF R G, £ )C-1 4, K562/Dox 4 i
J 3K e PR AT (B EAR Jy e thy, TR 2L 40 P 2 AT
S OTE, PR XIAP [ LEZAFRS R T
K562/Dox 4 M b4 5 5 i AL 1Y) R B (1] 3).

(2) (b)

Fig. 3 Effect of XIAP AS ODNs on mitochondrial
membrane potential

(a) The control group. (b) Group of antisense oligonucleotides.

2.4 XIAP B X EZERX K562/Dox M 24514 AY
A1)

WEFTEs B ] MTT v 3047 40 i i 25 7 i 56
M XIAP R XS R QL )5, K562/Dox
PHT F1 CBZ (¥ fii} 25 1 B &2 N %, ICs 3 il H
(19782 + 90.3) mg/L F(1 875.6 + 83.2) mg/L, %
F(1 123.5 + 54.2) mg/L F(1 084.5 + 60.6) mg/L,
WASEY B 1.76 A1 1.73. FEW] XIAP e X5
HRRIS T K562/Dox [T 2451
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Table 1 Effect of XIAP AS ODNs on drug

resistance of K562/Dox cells

1Cs(K562/Dox)/(mg=L™")

Control XIAP AS ODNs
19782+903 1123.5+542 1.76
1875.6+ 832 1084.5+60.6 1.73

AEDs  IC5(K562)/(mg+L")

PHT 489.6 + 45.2
CBZ 564.3 + 50.2

2.5 AYFEER

32 HUKRUH, fk24 K. AR 24 KRR
i, 44 6 HUKR 6 X PHT. CBZ X4 ADT A3
AN 20%, AN 254 6 K3 6 kA

ZiJ5 ADT 3475 100%LA L, N2 Uk
2.6 XIAP RXEZERXMT A KR ADT #9500
H# 2 fin, 44T AEDs &, Z9¥8UR4 M
ADT W BT+, JHiEIE 98.6%, ik & T 245
1. MM KRS T XIAP & L EZ TR G
ADT [H1(149.3 +22.4) 42 =5 £(209.0 + 30.1), Fh T
40.0%, T X A17ESS T AEDs J5, X HH(158.3 =
31.4) = F1(190.2£37.4), FHIEAL K 202%. 4T
AEDs Jii, XIAP X SR THRZA ADT B2y 154
W (P<0.05).

Table 2 Effect of XIAP AS ODNs on ADT in drug resistant rats

Group(n=06)

Before AEDs treatment (pA)

After AEDs treatment (pA) Percentage increase(%)

Group of drug resistance ~ XIAP AS ODNs
Control

Group of drug sensitivity

1493 + 224
1583+ 314
153.7 + 26.0

209.0 + 30.1° 40.0°
190.2 + 37.4 20.2
3053+ 41.6 98.6

*P < 0.05(Compare with the control group).

2.7 XIAP R M ER%EER XM 25 K R &1 4% 5 kit
Erm

WA R W24 KR AL T XIAP e 5%
TR )G, X T X 4 ADD [ (87.4£17.6) s,
XIAP Jx X 5Et% R 41117 ADD X 4 (65.5+15.7) s,
IR 2 AR KL (P < 0.05).

3 it it

SROHTRIRAT I A s, JRE R IR P
AADT100 J7. MEAVERGR UG 72, W A BE
B A AT A 22 BRBUEIR, BURCR A EIE AR AR
7R U R R B AR A RN AT TR DRI R
TR PERGUIR (TR 2L 3 AT R T 5o b
IR PR I — A R 2 T 2, B
BB KRSy AEDs H85T, R IX LYW AN F
FIOLH], XML RE 2 FALEIT A S Bk
N T e o B T I e 7 B SO i s |
R PRI, R 2 R G, s 2y
Py b A0 O A s T A, AR N 2 P
IR, ARGIE 25 7] RE-L5 40 ML BT T B AL
PtAT R,

AR T 2 B AL S AR B AT
LR, XL B YRR A A BRSO A A
AERKE . LR FEEIETHA EH R
H. KBTI T AER BARZS N AR T 2L

e, ety 29 Zi s R, TS
5T AL ks AR . T 2L
PRI TP 7 (A T R Rk DA
T DA R R R AR 2 3 3040 ks 29 ) 4K o).,

XTAP J2 8 T 400l 2 11 5005 v S0 v M e i 1)
—M. XIAP LR T Xq24-25, & 47 497 ANE I
1%, XIAP /] N i 5 3 /> BIRs 4 #41%: BIRI.
BIR2 #1 BIR3, BIR 443 B A7 M Y (R AFFR 454
HHAT XIAP & 5 8 F i - 8 F L &% & i -
DNA MHEAEM, 7 C i | NMEATZ ZEH M E3
TEPEM) RING 254630, e 3 ik 1 45 0 T A2 1) e
Ja P BR, vl LARH W& Rl s R T, e RS
DLl 3 B8 5 WS 19 caspase-3. caspase-7 Al
caspase-9 45 G IEAMHI LG P, 0050 40 e oH T 2
BifkigAe, BIPHT-m AN dE R & fe, tonr BLid ot
NF-kB 4%, J0E —Le 40 T AR PR g 3R ak, i 4
A0 B T 2 AR PR T, BRIV T AN R &
ffé[l(Hl]'

AHFTTRG XIAP B4 N i 24 1) K562/Dox 41 fid,
M2 FL R T R BUUR 25 W) i 25 PR ) RE . IR
XIAP Jz S5 1 1R e 4 K562/Dox i 245 4 f )5 »
XIAP [ iE W 5 F . XIAP (K X A% R 51
i T K562/Dox 4l H 2l ki fA 5 5 e A7 ¥ T B, i HL
Wi T KS562/Dox W 2R 22 e A< By 74 P (1 i 24,
AR R 176 711,73, [RISIE RS2 50 R I,
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iy 25 K RAE4 T XIAP R L FEZ R G, H ADT
BT T 40.0%, M AT T 20.2%, 42
7 XIAP Jx CEERZ TR HR i 1T 24 K BN Ui 25
R, T LR B XIAP J X% R4 ADD
B AR TR RAL(P < 0.05). DL 3R XIAP 723 A
PRSI 29U PR EEAE . 3 s N
SR RIE SRS, R TR AR B ot EE A
M, ST R B A G2 R T R
Z 5 T I AR RN R U2, R e A sk i
KEIEFMETCHNT, Mg, MR T
JRAT IR R AP Z ), EL A 50N T P&t g .
ARt 5 K SR A LA AR A B S P e
R, TR A T e AR T O, PLETIAR
KM ORAE T ik, JA 1T Wit &
FEMEVA T B DR BRUIG P A7 AEHTR T8 1 XTAP 1)
k. AR T RARER LI AE 2. AT
WOR, FEMERPERR I 9B P AR 2 24
Iz AR P- B R 1 (P-glycoprotein, PGP)H A5 i T4
HIVEH, PGP A ZEIRIE T2 s N, LRI 24541
TR, B, OSSN 2
JE caspase WKL T, A= BIE X caspase-3
M caspase-8 [P, AH IF A H i 25 40 i & AF
caspase JEACHI AL T09, X5 XIAP EH &1 4H—
. 215 PGP HUl AR XIAP A7 AR AR A
LR

e R b 3 Y6 P 0 PR 247 AL o)A A B 2 1
LW R AR TN 2. TR e, IAE
FRATTRT LA N3~ 7K~ i e AW 995 1) BLATL 1)
T8 I B9 B A 2R R o i R R R T
WSRO T 5 VA TR 25 1 1) G & . ANk
— B T RAMEVA PERGR I 2L, AR RVR T it
B A B

2 % x M
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Antisense Oligonucleotides of XIAP Reverse Resistance to Phenytoin and
Carbamazepine in K562 Cells and Rats of Intractable Epilepsy”

CHEN Ying-Hui”,WANG Nai-Dong”, ZU Heng-Bing", HONG Zhen*"
(" Department of Neurology, Jinshan Hospital ,Fudan University, Shanghai 200540;
2 The Affiliated Hospital of Medical College Qingdao University, Qingdao 266003;
3 Department of Neurology, Huashan Hospital , Fudan University, Shanghai 200040, China)

Abstract There is accumulating evidence that apoptosis plays a key role in genesis of epilepsy, but the
relationship between apoptosis and drug resistance in medically intractable epilepsy is not clear. The effect of
XIAP antisense oligonucleotides on drug resistance in K562/Dox cells and rats of intractable epilepsy was
investigated. The multidrug resistance cell line K562/Dox was established, and the expression of XIAP in
K562/Dox cells and normal K562 cells was observed. After XIAP antisense oligonucleotides was transiently
transfected into K562/Dox cells, mitochondrial membrane potential was assessed using JC-1. At the same time,
antiepileptic drugs resistant in K562/Dox cells was measured by MTT. In addition, the model of intractable
epilepsy was established by kindling of amygdale in rats. After XIAP antisense oligonucleotides was applied to
PHT-CBZ resistant rats by lateral ventricle, after discharge threshold(ADT) and after discharge duration(ADD) was
observed. The results showed that the expression of XIAP was significantly increased in K562/Dox cells compared
with K562 cells. After XIAP antisense oligonucleotides was transiently transfected into K562/Dox cells, the
expression of XIAP was regulated down, and mitochondrial membrane potential of K562/Dox cells was decreased.
Moreover, XIAP down-regulation could increase the sensitivity of K562/Dox cells to antiepileptic drugs. The level
of ICs, was decreased significantly in K562/Dox cells, and the reversal index were 1.76 and 1.73, respectively.
Furthermore, animal studies found that, compared with control group, ADT was significantly higher (P < 0.05)
and ADD shortened in PHT-CBZ resistant rats after XIAP antisense oligonucleotides was applied. It is obvious that
the expression of XIAP was significantly increased in drug resistant K562/Dox cells. Down-regulation of XIAP
could reverse the drug-resistance of K562/Dox cells, and improve the electrobiological activity in PHT-CBZ
resistant rats. These findings indicate that XIAP is involved in multidrug resistance in medically intractable

epilepsy.

Key words X-linked inhibitor of apoptosis protein, drug resistance, apoptosis, antisense oligonucleotides,
intractable epilepsy
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