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L, HETAM R AR R E PR g ="
BHFR. FZELEX—-EXEPEH, LHE
TSPG X i &4 KW, R EH . TSPG B ASHR
P I EER . 5 F TSPG fE &R # CFU-
GM B, CMRELERER. BTEYAN
TSPG Xf/h CFU-GM W% = R L8 B W ;
HEBEREUDPRI LRI S, HEH TSPG
%t CFU-GM ) #I8fEH 57 & A X, TSPG # 3
pg/mL Bf S5t CFU-GM #3¥EME M AR, M4
REWREED 20 pg/mL B ,CFU-GM KEE ™
FPBRE;BREFOIMARAAS2EER
WIEH AFFREEE CFU-GM #7; %0
LREREY . EH M EHE HGF (IL-3.Epo.GM-
CSF) HTEW %M, TSPG (20~100 pg/mL) 7
kst A B8 CFU-GM M RE B E /AR,
% TSPG (50 pg/mL) S HAMABSHERHA
RS 0 4 0 G 4 G I A N B A G L P 4 B R
LW EAT LLE# CFU-GM 365, 3 H N8
BHLH EE1T T T, #W TSPG w5@E o B/ 5
R R R A B B4 & R GM-CSFRa, ff 41
JER T GM-CSFRa BEM I, £ A ELH GM-
CSF, # W] LA B # #0 /5% jA] 8 i 42 #F GM-CSFRa I
She A% BRIk, M i 8 # GM-CSFR 4+ 28155
HRR, RAEH CFU-GM KM SE.
ETFULEMFRER, EREUASBESLHAT

B8 CD34 Sl M40, i TSPG X CD34* 40 -

J 1 B R AR B S AL R . A BE S IREE B, TSPG

10~ 70 pg/mL 8] A [ B 48 5 40 M 5
CFU-GM ¥ # £5 3 & CD33" 40 i th # , TSPG 20
pg/mL RWAEIEFFIES CD34™ 40 o kL R 416 Y
BERERE. UFEALRLBRERERERNA
[ K & ¥ F TSPG # 5 CD34% HSC/HPC [
CFU-GM ## 5 u8E 1, &5 R B/R TSPG (10~
50 pg/mL) ¥ BER B CD34" i i CFU-GM &y
H&™E, U TSPG 20 pg/mL BURE N A E . B
MR R AP LR FY TSPG fE 4 b R /b 40 i
HF#5 CD34+ HSC/HPC [k & 41 i1t .
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RPMI-8226 40 M 18 1= A9 5% m s PT B3 3 X 40 B R i 5@ B9 2 75 BE %t RPMI-8226 KM 3 41 it DNA 475 i B W
Western-blotting 7 ¥4 i 51 28 % BE %t RPMI-8226 4 i Bcl-2.Bax XIAP.c-IAP-1.c-IAP-2 BHEXKE W,
SR AFESEX RPMI-8226 #1 KM3 HMAE HB MM AMEER, KNG AEHENBEMER LR, 25~
100 pmol/L FHEEF BEAER 24 h AT RPMI-8226 S 1= ,100 pmol/L #EF 24 h B KM3 41 A T- 53k (26.5
+2.D%. AR BAES RPMI-8226 & KM3 4K AR R £, MR EME T S B G./G#. BF
AR AR BT R T BT E B Bl-2.XIAP. .c-IAP-1.c-1AP-2 B FE 5, # T FARETEH Bax BEX,H
BEAENSEOERANSNFEARRE. 418 AFESETESBESAREAPER.FE S0 KB A 300 & 25
HAHREE, KBEFHARAT5AY Bdl-2 fl IAP REBANEEAR X,
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Anticancer effect of resveratrol on multiple myeloma cells in vitro
SUN Chun-yan, HU Yu, LIU Xin-yue, YANG Hai-yan
(Institute of Hematology, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan 430022, China)

Abstract; Objective To investigate the anticancer activities of resveratrol on human multiple
myeloma (MM) cells and their molecular mechanisms involved. Methods The effect of resveratrol on the
growth of MM cell lines RPMI-8226 and KM3 were studied through MTT assay. The effect of resveratrol
on the apoptosis of RPMI-8226 cells were studied by combined Annexin-V protein iodide staining. The
effect of resveratrol on the cell cycle of RPMI-8226 and KM3 cells were studied by a propidium iodide
method. The effect of resveratrol on the expression of Bel-2, Bax, XIAP, c-IAP-1, and c-IAP-2 protein
was studied by Western blotting analysis. Results Resveratrol inhibited the proliferation of RPMI-8226
and KM3 cells in a time- and dose-dependent manner. Treatment with 25—100 umol/L resveratrol for 24
h induced apoptosis of RPMI-8226 cells and the apoptosis rate reached (26.5+2.7)% at concentration of
100 pmol/L. Flow cytometric analyses showed that RPMI-8226 and KM3 cells treated with resveratrol
were accumulated in G,/G; and S phase in the cell cycle, the ratio of cells in G,/M phase was decreased at
24 h treatment. The expression of Bcl-2, XIAP, c-IAP-1, and c-IAP-2 protein was decreased in a time-
dependent manner with different kinetics in MM cells treated with resveratrol, while Bax protein was
increased. Conclusion Resveratrol is able to inhibit the proliferation of MM cells by regulating the cell
cycle and inducing the cell apoptosis. Regulating the expression of Bcl-2 and IAP family members may

suggest an involvement in the resveratrol-induced apoptosis.
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AE 4 3 [ S 2 & B 55 90F BA HC B o U M B o £E
A BN\ N RBEFENRALE R Z—, KXt
P BRI RS R B 3 B B M 4R .
EERESENBXSEHE ILIEE. AP RE. O
it NN b NG R P2 L bk SR ik
A FRE0 B X B0 988 T i A 0 WL R G R
#, ALK R A KM3.RPMI-8226 40 Hibk W% (%
FEXZAEEREAREA . EKNIEREE—
BHREBHGUENH .

1 BEE5FE

1.1 HM:ARZRESHBARR KM3 4 1%
BoERR¥ERHZEY RPMI-8226 LR

IMEREMARF. £8 10%BFnE . FEX
100 U/mL. % B % 100 pg/mL # RPMI-1640
37 C.5% COBEFHME ML, AR MR MR 1Y
BFEA (24+1D h,1~2d R 1 K. LRHET 24 h F
BEHW, 6 EHERES EMMREHE 98% ML,
1.2 #HYPERAR . AFE M, KRESE 9%, WA
Sigma 24 #], BT W ETH (DMSO) H, A
20 mmol/L BW . FEAE.BETF —20 C RHF,If
PRI %, Btk W e (PI), RNase 1 BE Mt %
(MTT) B Sigma /3] ,anti-Bcl-2.anti-Bax £ 7,
B % 4 f1 anti-B-actin RIL W W B Santa Cruz 4
#] ,anti-c-IAP-1.anti-c-IAP-2 (J 7= % & 40 Hu 0 %
) il anti-XIAP (B T-EHEKMH A £k
%PUEE RYD AF, MRS ALBRICHER R
FEFRR WA P14 Y2 Fl 5 Annkein-V-PI )
RRRE T RIRA & (BMC306FD 1 8 FIN &
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EAH,
1.3 HEMEMNARMEGEW: KA MTT &8
W, K AL TR ECAE K IR KM3.RPMI-8226 41 i
(2X10°/mL) 8T 96 L4k, BSL 200 pL, BH IR
4 ML, B ARRIMEE (6. 25~200 pmol/L) F#
PEAHE 12~72 h G, A 5 mg/mL MTT 20
L, Bk SEBE 4 h ,FEILARFEFE, A 150 pL
DMSO, ik EL MERE T 490 nm ERLE VI
AT E SRR (A H. - EEEmR,
BEMHE=Q—-XRBH AHE/MRHA AH)X100%
1.4 RPN kA Annxein-V-PI SR ¥
KETHW AN G & B3E 0B 3178 E
Annexin-V-FITC #1 PI S EA 4 ¥ 48 it , Annexin-
V-FITC FA#:T PI BB R BB T4 i, Annexin-
V-FITC F1 P % BH 44 2 5 3 95 1= 48 i , Annexin-V-
FITC Btk PI MR IRFE40 0
1.5 ZHA 407 R A DNA 54 drik s,
EIRE RS (6. 25~100 pmol/L) AbFB4AME 24 h /5,
A 70% WZ BEEE 24 h,PBS ZBrltEEER,
1 mg/mL RNase 37 C 7K 30 min, I A PI Jtfa
W4 C B 30 min F EVLEW (BD 48D, H
cell modifit M4 A R, WAL HA CV H
YETF 3% UTF.
1.6 Western-Blotting #; il (5 % 7 # %} RPMI-
8226 4 M Bcl-2,XIAP.c-JAP.Bax BHEZX N E
Wi . 53R 100 pmol /L Ak 38 40 MR 8] B[R] ) » 4
SEMM, LY PBS BRIk 2 KRG IMATIS S
¥ (50 mmol/L Tris-HCl,pH 8. 0, 150 mmol/L
NaCl, 1 mmol/L EDTA, 1% Triton-X 100, 1 mg/
mL B K, 1 mg/mL 3 K &, 100 pg/mL
PMSF),#8%5), & Tkt 30 min,4 'C.12 000X g 5§
> 10 min, i F W, Bio-Rad LB HER G A%
BEHWRE -, MERH 2XSDS EHEZ MW, 94
'C & 10 min, Fif 10% WRABBE D B, 8§
FL LR 30~60 pg BH AT EEHR . HBEEMN
MAEEB,5% BISE B 1 h 5, AMBR
—$i 4 CIBELRK, LA Bactin fEN S B . TBS YE ik
3WE AR o & 4k Y BB AR T A B 8, 37
C ®& 1h TBS®e S,  ECL R b &
(Amersham Biotech) # il H &R FL.
1.7 FiHEAE BB 215 FR, KA SPSS
11. 0 G- HfT : BE.
2 4R
2.1 HEFNENARMEAMNTH-ZRIEL B

FPREST KM3 4 fig 38 58 40 ) /E F 2 B SR B 3R
#.,100 pmol/L AFESBER 12 h 516 48.72h
HHE, HX KM3 iR EMAERERBE (P<
0.05)fH5FEF 24 h LR MBIRERREE,
U B 10 B (B S 6, 245 0 90 0 4 R 38 5 40 ke
FRAH M I, B B 6.25.12.5, 25 pmol/L 4
KM3 S MBERERABE; M 50,100,
200 pmol/L B BEXT KM3 40 e 3% 58 0 il 46
(258 ¥ (P<0.05.0.01), H#EMBX KM3,
RPMI-8226 fy3¥ A M &l /E FIAHML/EH 24 h BF Y
ICs 4+ 8% (187414) #1 (131415) pmol/L.
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1~6-BHPA R 6.25,12.5,25.50,100,200 pmol/L
1—6-resveratrol 6. 25, 12.5, 25, 50, 100, and 200 pmol/L

H1 AEM®Y KM3 # RPMI-8226 41 H 1 K30 $
€A (xts, n=4)
Fig.1 Inhibition of resveratrol on growth of KM3
and RPMI-8226 cells (x5, n=4)

2.2 FEEPEEX 40 M98 T 89 B : Annexin-V /Pl
PR AR B REREOE S BEEM 24 b, 3
RPMI-8226 iU T-HIER R RAHE RS
BEvk BE 3% fn , RPMI-8226 MM - F % (LE
1. FIBRR T 100 pmol/L (% & BEfE B R A i
a5 KM3 T sEm (LE 2,42 8R
B L K7 X iE S KM3 ﬁﬂﬂﬂ?ﬁte
2.3 ERRPEEN 40 R B 4 A B R - O X 4 A
AHMARREARESBER 24 h BRBRARSE,
HRAF2, ¥ FRKREMRT 12.5 pmol/L B
FE# RPMI-8226 MK E T S, F ot G,/M
S T Y AT BRER T 25 pmol/L
B EEEARREMEZNTF G/G . BEFEEX
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F1 FRARESREEI RPMI-8226 4 KA T KRG 50 hu

- [ Rcigicee:)
(xts, n=3) 40 mEAENEA

Table 1 Effect of resveratrol at different concentrations § 2 .
on apoptosis of RPMI-8226 cells (x+s, n=3) E] %
5 C/(pmol + L —1) B /% ;%
b 10
Xt B - 7.3%0.9
. . 0
AEE 25 12.6+2.2 12 24 48 n
50 21.8+2.9* m
100 36.9+4.1*

Syt e . *P<0.05 **P<0.01
*P<C0.05 **P<C0.01 vs control group
H2 BEHE (100 umol/L) EAXREMEE
KM3 iR & (x5, n=3)
Fig. 2 Apoptosis rate of KM3 cells exposed to
resveratrol (100 ymol/L) for different

55Xt g, P<<0.05
* P<<0. 05 ws control group

KM3 89 40 M2 F 38 2 A 2 LA R 0 1R 15 i . B/ A
BINEARR, GEEFBEEMRT 25 pmol/L B E
B KM3 AERETF SH . MUARSBRER
F 50 pmol/L BN EEMEHMMAMZMT G./Go

%2 TAEREA¥EAMI RPMI-8226 & KM3 @B SHHIEW Gts, n=3)

Table 2 Effect of resveratrol at different concentrations on cell cycle distribution

of RPMI-8226 and KM3 cells (x+5, n=3)

times (xts, n=3)

RPMI-8226 SHHLSE B4/ % KM3 gl A%/ %
# 5 C/(pmol « L™1)
Go/Gy S G:/M Go/Gy S G:/M
bo g - 42.70+3.82  28.411+4.16  28.89+3.21 43.194+3.82  38.10%4.53  18.71+2.25
SE 320 6.25 40.45+4.17  39.2743.26  20.2842.65 28.9443.24  39.2743.26  20.2842.54
12.5 44.58+5.71  34.61+2.98  20.81+3.18 28.04+3.54  51.5644.77  20.4043.81
25 48.54+5.13  30.9643.46  20.50%1.82 33.91+4.32  48.494+4.26  17.60%2.10
50 52.35+5.64  27.02+4.32  20.6342.58 42.73+4.64  41.10%3.72  16.17%2.28
100 49.84+3.95  26.8543.38  23.31+3.14 49.57+4.79  36.524+4.18  13.91+2.31
. ULERBAREESFEYFEEISAM G/G,

GUSE:C] R
2.4 HBAREAEEST RPMI-8226 4 Bel-2.XIAP. c-
IAP.Bax B H E XM i : i F§ Western Blotting
B &, SAE P EE (100 pmol/L) LB ] 4K 8 7
KT HEEATEY Bel-2.XIAP.c-1AP W&, I
A LERATER Bax HRK.HEESEYEE
BIERM S H¥EARR ., AFEFSBIEM 6 h A2
# Bel-2 #1 c-TAP 355, XIAP W2 THE
HESPEER 12hEESNBEER 1L BT ERE
Bax M $1k,6 h ikF &, /EA 12 h A% I, Bax %
BEE, SRLE 3 EERERLA 4,
3 it

HEMBE-M ZHFETHE. EAEMRER
ZXRABYRAYPHEYNER . RESAHE
BEF LR EBEARRSGEFRKBRATRE
W9t 2 00 2 7 I AT R0 L B 0 0 R P R A
R, BRI AR ED H—-ERREH, O F
PR — R K AR 8 BB A SE BB R T EL XY &
iR 0 M EL A B B A R AR R B
BHLHTE S M4 DNA &R, TRHXES

Oh 1h 3h 6h 12h

Bel-2 WP e
Bax e St
XIAP L e S p—

¢-IAP-1 - -
c-IAP-2

B-actin R @b O b

3 A%AE3 RPMI-8226 HRUATHEXEARENIEM
Fig. 3 Effect of resveratrol on expression of apoptosis-
related protein in RPMI-8226 cells

EREE HEARAD. ASARAT- S8 X,
FELBRHREABREENEHEARR
KM3 #1 RPMI-8226 K345 ¥4 B B HIER,
3 2 A AR AR FE 24 h B AY ICs 4 Al
(187+14) 1 (131+15) pmol/L . FR ¥
SBrRARAMIER 24 h /5,Annexin-V-FITC FH#
T PT A A 40 i B8 b, 15808 B 3 2 M B B
HMEEHESET/ER. Annexin-V-FITC [T
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| E¥ESEER Lh
DEESTEH 3h
B AESHER 6h
B EEMEER 12h

XIAP  c-IAP-1 c-1AP-2

W AR HEE 45 B -actn WEGIE AR

EHxtBAKE: “P<0.05 **P<0.01
*P<0.05 **P<0.01 vs control group
B4 A¥ESSI RPMI-8226 AMETHXEAREN
Ew (EREH
Fig. 4 Effect of resveratrol on expression of apoptosis-
related protein in RPMI-8226 cells

(semi-quantitative results)

P1 B {4 f 20 M 30 6 2 19 2 7 Pk B A 380 T B
BE BRBEFARACEAESEAGEHEES
REH B Z—, F—HHRE A B4
AR HE BEEAEFEIESAARBETS
B, BAAEAEALARES BEN SR ERST R
WEAFSEIFEEARBARZMNT G./G i, %
B e AR N B A R Go/G B S e . @
MBI R ETEMBEER T A TREEENHY, 4
MR AT, 44k B 30 R A0 R B AR M 0
00 40 B R R A D RS IR BRI T R
Bz, AEAROTHEES AT AREDN,. BER
G S 353 BE W 25 T 490 151 B 0 A M g 7
HARRTRAKRE SATH ISR TR,
BARGIR R R, PR RSB E R B RN, 2
BT R — N EESE . E L, BT aE A
FRERBARAT NS TFIHAAEEEN. &
ErEdECAEEANENCRE T B2,
XIAP.c-IAP SR BT X E>Y, A HE 7A@
Bax R T-HE~Y. Bcl-2 5 T4 AEH A
F,Bel-2 i B BB AT 40 T, T Bax W46
6 T4 A AR K AL 400 B AL 40, A R T RO 40
hRAER, AL BRI REABEAT . Bel-2 5§
Bax MR SHTRESEE XS, AEMETHE
Bel-2 #9% % A B L8 Bax 9%k, ATifF Bel-2 5
Bax MLWE TR, XWHEAR BESERES
BT A FIEHZ—, IAP KEEHN—KHAA
tEEIaEIiEEHWfﬁ‘J caspase-9, -3, -6, -7 B‘Jﬁﬁ
MERBABRARECECHESHRTESERE.
W £ B XIAP.c-IAP-1.c-IAP-2 ikt & o {24

ok 988 440 B B 398 B R LI SR BT TR IR TAPs R %
] BE £ &R S B S B A IR EE O
BB B4 XIAP.c-IAP-1.c-IAP-2 {1 %
ik, W BB AL (R #E caspase-9 Fl caspase-3 BYELTE M
TESEMREARET. U LR RAERI &G
T.AESEREELAY Bel-2 f1 IAP REEA
NELAEFSEHEARAC. X VEFRENEE
SEREARAT O FILHRE TS HEREK
B AXAENBAESBHARB TR IILE A
it — BT,

A5 BF 9% 2% 90 [ 3 7 VO o O 9 4 R M
B 40 MR T S B A B,
SHKET-S5AY Bcd-2 fl IAP ZFEZEANER
AR EBFMALHAEN AR R2NWAEIEM,
RABRRMD, R—FEREE. 2N PE, B
B o HENBES A EHENERET A ERA
WER N FIRTR.
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