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. SR R R B MR 5 B ST R AL W (Taxol,  TAX) 24 (19 A 5 M 94 (KB) 41 M i 25 7k (KB/TAX), Fi-il 3ok 41 ffa 75 1k
Rl G CA0 M HT . Western blotting Il RT-PCR 45 7 ¥ %5 52 it 25 40 PR (4R AE ,  WF 290 FE B0 A A 040 28— W I 48
LA (STA-35) 0 1200 25 41 MUbk 10 i 2 106056V S5 T Re ) ar 0L, SEEG 25 SRR, KB/TAX 40 Z R b7 254k
Prik, X TAX M 25350k 73.1. SRR R, 25400 P- B 45 11 (P-glucoprotein, P-gp)IhRES KikIgEo., £
i 2536 ) mdr] FRIERIEIN. N OBEILECAR 170 R B B AT A4 STA-35 v] 1 24k KB/TAX A R HSEA KB 4K, 5
TAX BA Y I A B KB/TAX 4 Xt TAX FITi 254550, Bboh, STA-35(5~ 20 wmol/L) ] ¥ A H M3 = KB/TAX 4l fifd o
TPF 123 BE R 0 P-gp IRIL, 0 mdrl ZEPRIRIE L H BAEH. WFFCERW, NI I BB %5 A )
STA-35 REMEWi e KB/TAX 4Nt TAX (i 250, T BEM0 4> THLHS M6 P-gp THEEREE (1 Tt RisHH K.

KR AN, AT, RN, SN, P- &S

ZR9ES R979.1

988 4 L6 Ak 7 25407 A I 24 1 e A O B
TR, R 2 (1 i 24 9 2 ) o o i e 4t i
i} 24 () EE s 2 — . YD FI % (thalidomide, TLD)
N RN, G R T AR N, HE T
LR ZA P 00 I 0 A FH T A T S N A AR
VAR, A VO R B I (T A A= ple A FH Rt & A
MR, NATEE AL IR . ORE SRt
FONFHUE. 5 A 2 b R B NG AT A R I T
B AR S I, T EEREE AR 2 T RO
0, AR, BRI, VORI K
LR MY T M RPN 2 kP
(multiple myeloma, MM)FIVEIT AR R4, Won T
Gz TR R B AL
SR AR (B 1), BT S A A
JE W RABNA 1) 5 40 403 2 B AR v E N ity B R 2
IR R, XSRS A FRAIRA
KRN T KR s . B, 7EAR2R L
WP ARIR 5 47 EREATFREEAAR, N uigidh AT 2RI
RAF BN HT A4 SHPP-33 i UE W 2 AT $1) TNF-o
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i), IR A AR 2T ), AT 0 B T S R
KZBERTN 2990028, R 9 B 245 30 2 ) R T 7 i A3
IR ASHIT ST 2 R R R Ao P 3df v 5 3 2
N6 TAX iy 245 (1) N 5 WE 95 (KB) 48 0 i 25 #
(KB/TAX), Fidad 40w rEas i, v 40 e sy
M7+ Western blotting A1 RT-PCR %% J5 145 5 il 25 4
PR ARFAE, T 5T NOHERE AR 1R w0 R B2 B i A=
W0 48— I 2 A W (STA-35) % I 25 41
JRUR FRY TS 24733 %% 4 ] 5 R RE AR 201 WL
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Fig. 1 Chemical structure of thalidomide and STA-35

1 HRFITTE

1.1 KFISEE

RPMI 1640 53734 GIBCO A H F= s FFF
i B(sulforhodamine B, SRB). %'} 8] 123(rhodamine
123, Rh123). Trizol X7 R HLA B-actin HPL,
BRI AP (HRP) A3 (1) 90 L 1gG 4 Sigma
A RPN P-gp H.414 Santa Cruz A W)™~
i s RT-PCR i 7l & (ReverTra-Plus-™ ) &y H A&
TOYOBO 2 & ;= ity s  Fil % % (doxorubicin, ADM)
AR INTT IR 2l AT BR A W] 77 s S A2 I (taxol,
TAX) 4y 26 [ F1 I 56 0t 5t 5 A w7 s KA
(vinblastine, VIN) 4 Cellomics 2> & /= i &k
K(PS341, bortezomib) Ay Jb 5K 77 [ 2750 24 27 e 2=
GBI AR B,

WA STA-35: 1-0- HIHE -6- L4 -6- DY HAN
SRR HE S -2, 3, 4- = Lk -o-D- MHE I 2
B 1 (1-O-methyl-6-deoxy-6-tetrafluoroph thalimido-
2, 3, 4-tri-acetyl-a-D-glucopyranoside), Hi b 5 K%
B2 2y 2 A TR ZE BB IR A k. iz E o
TN CyH O NF,, 437 s N 521.38, %ET
AP, 2% 10% DMSO [f) PBS % i
102 mol/L i #-¥, 1w ) iif FHl PBS H ke 21 Jir il
WIE.

1.2 HHREESR 5 A EEMkE)SE S

N &b WA J& 40 L Bk KB (human nasopharyngeal
carcinoma KB cells) A = R 17, RiFEES 10%/)
I35 1) RPMI 1640 578 h (BERE 32, T BRI
JEH R 100 U/ml), #T-37C . 5% CO,. YWAIIGRSE
R FERT L, LA 0.25% 0 85 11 1 10 1 40 80 1L
AR

DL KB 4 B b e A4 i, SR TAX BB S
B VR TS AEREUE K IYI gn  B FR
I TAX, WU EE N 2 nmol/L, 4 g K 24t
T2, K. frdl vk 8 A e AR K H A A )
TAX WP FRFEE TR 3 LA F, BRI Iy
Yk EE, HEE AN £E 7 120 nmol/L TAX 18577
Wb A B K, B33 KB/TAX M 2541 g tk. 7
B TAX ARAMGRAE 3 NG, T Ve FF R A T
K SEEGET 2 A, ARG R R
1.3 SRB ;N E L REXT 254 B S5 Rk 4%

Hn) %54 K 110 KB A KB/TAX 40 i 2/ 1
96 fLAR, 4NAEEE R 4x10YL, FEFL 180 wl. Hig%
24 h JEIMAAFEGUMIE 254), 4k8ERE9% 48 h 5 3¢
L, AL 200 pl 10% =5 LR (TCA)H
4CTRCE T h . FUGE B, Z&MKMEE s I,
TN 0.4% SRB %3 100 wl/ fL, =IEHFF 10 min.
SRJG 712 SRB, FH 1%t 5 U, BT, £ 96
e TG, BELIIA 200 wl 10 mmol/L Tris
W, FEGEG WM, AR 540 nm PE K NE
WG REAE(A). THEAAEIZ, I (%) = O
WAL A -2 AL A {5 X AL A
fEx100%.  DAZGHH B A R AR bR, AR KA R
GNAR R 22 I FE RSO 2, FR IRTYE 7 R T S5 P
A0 L BN HIR L (ICs),  FF45 3] KB/TAX 41 g
I 2515 £ (resistance index, RI), BIPFP4N I 1C5,
FOABL(TN 25 40 Ml 1Csy/ SR AL 1Cs).
1.4 RAMEANE Rh123 ZEMHEHRER

I 1100 /M6 AE K30 KB R KB/TAX 4 i il
BCRAAE M B W, N Rhi123, KR ok
500 nmol/L, &k 37CHFE 1 h, ¥ PBSHMEE L
20, FE A A RSN A0 P U e R LS
STA-35 %} KB/TAX 4fi fiir Rh123 ¥ F [F1 5% 1 1
W AN [ ¢ £ i) STA-35 (5 ~20 pmol/L) &b H
KB/TAX 41l 24 h, W40, HEE FREAE, &
20N Rh123 960,
1.5 Western blotting #&illl P-gp &i&

W 4E KB Fil KB/TAX 41 g in A\ &5 11 24 it i
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(10 mmol/L Tris-HCI pH 7.4, 150 mmol/L NaCl,
2 mmol/L EDTA, 1% NP-40, 50 mg/L Aprotinin,
50 mg/L Leupeptin, 50 pmol/L PMSF ), & Tk I
Z4# 40 min, 4°C 12 000 g 2.0 30 min. M L3,
FH 2% W5 2 1 B BRI B BOR L. il
LFHIRE A E T 65°C /KA 10 min. B 50 pg &
FIFE S HE4T SDS-PAGE, JfHLE % NC il E, 3%
BSA/TBST(10 mmol/L Tris-HCI pH 7.4, 50 mmol/L
NaCl, 0.05% Tween-20) %l £ £ 1.5 h. — L
(Anti-P-gp McADb 1 ¢ 200, Anti-B-actin McAb 1 : 2 000)
H 1.5% BSA/TBST ¥ J5 4C Wi E L. TBST
VB 5 =3 B R = Pt (HRP-goat anti-mouse IgG,
1:15000)0F 1 h. PR TBST $efE, ECL $(f
W W% . WIS 41 P-gp 2R R IA IR 5%
i, SRR STA-35(5~20 wmol/L) 4k Hf
KB/TAX 401 24 h, WCEE4HML, % Bk Tk T
. B4 ATl L Imaginel #K2FIEAT 2K B 41 4
AT, e R ST P-gp HRIFIRIA &
1.6 RT-PCR il mdrl mRNA ik

FH Trizol 43 HI42HL KB F1 KB/TAX 41 i [¥) &
RNA, UV 730606 FEiF & & RNA W JE . Al
RT-PCR {5 & ( ReverTra-Plus-™, H 4 TOYOBO
A EDIEATEL . RT RIS RNA T pg, A
AFR 20 pwl, RINVZAEHA 42°C 60 min, 85°C 5 min,
Zal. U1 wl RT B934T PCR, N AA &R
25 wl. mdrl 51910 E3iE5149) 57 GCTCAGAGTT-
TGCAGGTACC 3', Nif5|4¥) 5 TCCACCACCC-
TGTTGCTGTA 3'. N2 GAPDH 51¥): L5114
5" ACCACAGTCCATGCCATCAC 3', N5l
5' TCCTTCCAATGTGTTCGGCA 3'. PCR Jx IV 4%
f:: 98°C 10s, 56C 30s, 68C 25s, 30 fG¥f.
WS wl B =) i AT B lg pi st e v ik, EB 444
20 min, HEREAZAC(UVP, USA)AMAC . Mg
ZHPI0) mdrl mRNA FIKF5EMIN, 5 R AR
W) STA-35(5~20 wmol/L) 4t ¥ KB/TAX 41l g
24h, WCERANM, FRiE BIR TR TATI .

2 & R

2.1 KB/TAX MZ54HRatKHIEE

2.1.1 KB/TAX 4 o ¥y 4H o #5001 55 it 24 5 %k
SRB # il 45 & W (£ 1), TAX % KB #il KB/TAX
I M A K HEIE RGBSR, ICy 570
“4(0.004+0.001) wmol/L F1(0.277+0.009) pmol/L.
KB/TAX 40 Jfd () it 25 45 ¢ R1 4 73.1. U4,

KB/TAX 41 Jfi %) VIN FI ADM (1) s o A5 Jr [
%, RI4Y5)h 3.8 F12.0, 1%t PS-341 LM WAL
N2, RIAX A 1.3, WA B () 134 G 0 5 A7
B 72 5, KB/TAX 4 B 28 K45 KB 4i i 2212,
A 5 20 it J1 390 4% I B 23 AT TG B Yk 5 (4 SRR
).

Table 1 The multidrug resistance indexes
of KB/TAX cells
ICs/(pmol-L)

Drugs RI
KB KB/TAX

TAX 0.004£0.001  0.277+0.009™ 73.1

VIN 0.130+0.033  0.499+0.050™ 3.8

ADM 2.408+0.372  4.703+0.154™ 2.0

PS-341 0.136+0.025  0.172+0.078 1.3

ICs, values were determined by SRB assay. “P < 0.01, P < 0.001
vs KB group, n=3.

2.1.2 P-gp Ui 5 RIAMAR L.

Rh123 J& P-gp [N E )Y, 4Ly Rh123 %
5055 5 P-gp MIhfE R LE R, KA lal
JHL 7 A 3 ot Rz U 1 el 4 PEL P R123 19 2 6 58 B2
4R G R (8] 2a), KB/TAX 408 Rh123 (5% 650
FERT KB 412, # W] KB/TAX 401 (1) P-gp Thfie
TR AR .

Western blotting & Il 45 2R % 7, 9 % 41 i 1)
P-gp & A KIE AR (K 2b). EA KB 411 P-gp
HEHACERAL, JUFEATI4&H, KB/TAXA
1 P-gp 5 I R R, PSR B R IGA&ar.
mdrl 2215 AR T P-gp H (1R IA I A8
(& 2¢).

(@ (b)
KB KB/TAX
150 ]-
g | P-gp
% " B-Actin | o
= 50l T
=

(©)
GAPDH
KB KB/TAX mdrl

Fig. 2 Determination of the activity and expression
of P-gp and mdrl in KB and KB/TAX cells
(a)The accumulation of Rh123 in KB and KB/TAX cells by cytometry
analysis, n=3, P < 0.05 »s KB group. (b)The expression of P-gp in KB
and KB/TAX cells by Western-blotting. (c)The expression of mdr/ in
KB and KB/TAX cells by RT-PCR.
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2.2 STA-35 3 KB/TAX {HRaMIZa 1Ry ER
2.2.1 STA-35 %} KB Al KB/TAX 4 fitu ity A K45k
Y. W 3 Bz, STA-35 % KB Al KB/TAX 4
WX KA, FEAE TR B i [ P A
FEARHE . STA-35 X 9 Fh 4l I 18 1Cso 1EL 73 3
(11.3+4.8) wmol/LFI(14.4+0.8) pmol/L, RI Jj 1.27,
i) STA-35 % KB Al KB/TAX 40 Jifg 1 A& KA
FIEL, KB/TAX 41 g % STA-35 ¥ 47 % B H iif
2k,

120
S 100
2 80F
£
> 60 -
£ 40t
2
'é 20 | “
= 0 el
0l 5 10 15 20 25
¢/(umol-L™)

Fig. 3 Cytotoxic activity of compound STA-35
on KB and KB/TAX cells
[J: KB; @: KB/TAX.

2.2.2  STA-35 %} KB/TAX 40 Jifg ()i 24396 4% 4 F .
T K STA-35 % KB/TAX 4 Jfl (1) i 24 306 % 4¢
L BATE AR MG STA-35 (2.5 wmol/LA!
5 wmol/L )Xf KB/TAX 4 Ju ity LKA, ity
T 5%, MIX PRI STA-35 430l 5 TAX Bk
FIIN, KB/TAX 40 % TAX [ 1Cs 11 W] 5 FAIK,
1 25 FR 20 MR T 35%F1 40%(3K 2).

Table 2 Reversal of drug resistance on KB/TAX cells

by low cytotoxic concentration of STA-35

ICs/(pmol-L™)
Group RI
KB KB/TAX

TAX 0.004+0.001 0.277£0.009 73.1

TAX+STA-35(2.5 wmol/L) - 0.181+0.006™ 453

TAX+STA-35(5 wmol/L) - 0.168+0.002""  42.1

"*P<0.001 »s TAX alone group in KB/TAX cells.

2.3 STA-35 i#i%% KB/TAX 4HAEM 251 RIHL BIAf 3
2.3.1 STA-35 X%} KB/TAX 4l i Rh123 &R 5%
M. Rh123 & PS80 2 o7n (Kl 4), KA STA-35
I}, KB/TAX 40 b Rh123 (1) 9¢ 658 i B AT
KB 4 ffd. 4 STA-35 I A4, KB/TAX 4i g
XF Rh123 & FRE 3408, HRfE STA-35 WRFE 7
&, Rh123 [5G Egiok. DL R g ki,
STA-35 fg % ¥ JE Mg 3 n Rhi123 75 KB/TAX 4

Mo BB, W P-gp X5 ANHERI T, AT
BE IR ML A 2PN L, B A AR 2R R
JETE.

160

120 f *k
*
80 |
0
0 5 10 15 20

c/(pmol-L™)

Fluorescence

Fig. 4 Effect of STA-35 on Rh123 accumulation
in KB/TAX cells
n=3, 'P < 0.05, P < 0.01 ps control (KB/TAX cells treated with
0 wmol/L STA-35). [0: KB; @: KB/TAX+STA-35.

2.3.2 STA-35 %f KB/TAX 4i/ifl P-gp #1540,
Wik 5a i, KB 40 b R W P-gp W 4571, 1
KB/TAX 4 i r] W, P-gp (47 . 24 STA-35 {EH
T KB/TAX 4l 24 h J5, P-gp [RiLFHEH STA-35
WRFEIIRE KB Wis . B S R4 N5 AR
HSERG e A R, B Imaged B A% 4k
HEATHERG, A3 B RS AE S P-gp 5 K S
B-actin 45717 A BEAEL I LUAEL,  EUAEB/NED P-gp 3R
NERD . RS A R, STA-35 REE I S A
Hjg D> P-gp [MFRIE, MMM P-gp (1D RE.

2.3.3 STA-35 X} KB/TAX 4 il mdrl &K %A (1)
. WP sb iR, KB M mdrl HIFRIER
/B, 1 KB/TAX 40 Ml mdrl RIEW W, 47
KB/TAX 4f B A~ [A] ¥ £ 1¥) STA-35(5~20 pmol/L)
240 JG, mdrl IR WE AL, RIIRK
Y5 N 1) STA-35 %} KB/TAX 4 iR mdrl #ik
B AT B SR AR

KB KB/TAX
STA-35(umol/L) 0 5 10 15 20
(a)
P-gp —— — e

B D G
P-gp/B-Actin . I m =

(b)
GAPDH
mdrl

Fig. 5 The effect of STA-35 on the expression
of P-gp and mdrl gene in KB/TAX cells
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3 it it

% 251 25 1 (MDR) S A0 77 2R I 3= B2 5 P 22
S L P S Wb | vl = P/ S S N S | K2 v g S N S
P-gp )3k 2% 3k S S50 I8 40 o ) P fik 5 25 1 A Hi 1
T, & MDR R E . LA P-gp R HE AT
Jir 98 MDR 30 42 1] [ 87F 50— DAk 2% 52 JG 12,
P-gp (7 UM b, 11 mdrl RN FRIE T, A
O3 IURAE 170~ 180 ku 2 ). & HLAT R 4% (I i 4%
BIhRE, RENSHBACE TR 29 P i BOK AR B 2
RIS B A A, A4 M P 2 EAR T R
PR g, Mt S B30 25k, P-gp XF 250 104 S vk
IR/, RIS MIAS R A, DR 2 e 40 =2
FMLIT S, Hn P-gp MKIAJG, EAEX 45
FFE LRI R 25 =Rt 2Pk, HEr, &k
LI P-gp $0HI AL FEEG 257 FE PR 50 1 FH Ay
A BRI e R E TR ik
74, (A T EEmE I AR, AR
Iz N FIRAR AT, RS FRAG T 20 P-gp

WREBREETS 2. 7 T I 2540 i & KB/TAX. Al
gi R Won, KB/TAX 41 fu % TAX (1 25 5 £
73.1, [AIIXT ADM A VIN B A28 it 254, [A)
I}, KB/TAX 4l AR KSR AR A MU g2, H 40 i )&
W AT TC W AR, AT ERSNERAE 3 NG, i
FEME S RAT AR LU AT AR, Ak, KB/TAX
4 P-gp VG PR E O, P-gp RIE mdrl FEA
FIL R ER A, MWL 25PN S P-gp i B ik
Hoe. ik, AT KB/TAX 40 i #k v] 11 Sk i
1% P-gp HHIFR AR T A

VORI i BLAT R (T i A A sOR BT 4
IS FH 20 IR 1 G0 R RR &5 1 PR LD BE IR YR T
[Fi) 106 308 23 0.9 2% 9 e o R S A8 A 0l 1
. 3T U, YR I OO T 22 M SR R i IR
BT, RIS TR R i, YR
L FERANA A T MG 2 R M e, PR
HFEKAN AR 25705, IR m a7 AR, i
Ab, VR B RERA Y B BAT PR R 2 2y 21k
(P2 ERAE FHUS T, {5 ik TS g Jie (CC-5013) AT Lh b
I JEE P B i 4D LA A s A RN B 2 Y A
Richardson Z5HR i CC-5013 S b ZEKARE, %)
IV 2 RN R AN e VA Ik 22 R M i R A TR
MR, AR RN, 2L . Dimopoulous 45!
1 1% VR I T 39 0 R 1 56 (MIM-009, MMI-010) T,

CC-5013 FHHBFERAN LA F VA7 5 R Lot i 7 %
RN BER, 132U SRR AR 2 T R
His 2 KA XS BT, MM-009 iR 5 HF 73514 61.2%
F122.8%(P<0.001), MM-010 {55514 57.9%
1 21.7%(P < 0.001). H FF T H IR 70 ) BE Ji 25 A
Vi &5 ko E AR AR N i BAORTER R b R HL
RPIF, N ImHRIERI R S 2, (HAR IR SRR
PARIE . AT RBETE . ST — R A N b Bl 3
BRIV R 2, WS R B, E RIS
2 — STA-35 % KB H1 KB/TAX 41l 5 45 i Ll 4=
KAMHIER, 255650410 1.27, Rl KB/TAX 41
MUy STA-35 JEARAMNM 2. tkAbh, STA- 35 fE3E4l
M & M5 R (2.5 wmol/L Al 5 wmol/L), A g 3% %
I T 25 40 J 6 TAX (Wi 29 50, 53 58 35% A
40%, KB STA-35 HA7 10 KB/TAX 4i Bufiif 245 1)
YEHT. STA-35 nJ ¥ F st 1k th {2 3 KB/TAX 41 g
H1 Rh123 ERER I, UiW] STA-35 W1 25 1
AT DL $H] KB/TAX 4 i P-gp IS AT ¢, 1t
4b, STA-35 B P-gp &5 RIA S SEB it — 0 E
W T LLEHES. {H STA-35 - ANKAs KB/TAX 41 JifY
1 omdr] IR, LS 5 HABAR ST R
A2 Fltn, Fujita Z2HRIE PS-341 g [A]
i) B A P-gp R mdrl 5E R 03206, k150
MCE-7/ADR 41 Jfii %f TAX. ADM [t 245 1E FH .
STA-35 i¥i%% KB/TAX 4 fafit 25 4 FHLHIG ek —
WARNIFAT.

gr bRk, YR BEROEATAE ) STA-35 n] i 2%
I KB/TAX 40 g 2 JLop A4 KB K, 5
TAX A N I A B AR KB/TAX 40 fuxt TAX i
FREL RS YRS 1 F KB/TAX 41 i %)
TAX M 254k, i H, STA-35 AJ W& M 12
KB/TAX 4 fid ' Rh123 & Bl ] P-gp &
ik, LI A e A B 2 AL AT R S LA
P-gp DhREFI AL IR AH G, Bhak, FRATTISEE0
W& TR E AT YIRS Y2 G
PE, AT ROBT AT 2540 5 AT B BORIRAIL T S5
M.
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Reversal Effect of A Novel N-sugar Substituted Thalidomide Analogue
on Multidrug Resistant Human Nasopharyngeal Carcinoma Cells’

YI Wen-Yuan, XU Bo, LI Min™, LI Zhong-Jun, CUI Jing-Rong
(State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191, China)

Abstract One major problem to successful treatment of cancer is the development of resistance by tumor cells to
multiple chemotherapeutic drugs, a phenomenon named multidrug resistance (MDR). Searching for the novel
chemotherapeutical agents is one of the important strategies for overcoming MDR. By using a cytotoxicity assay,
flow cytometry analysis, Western-blotting and RT-PCR, a drug (Taxol, TAX) resistant human nasopharyngeal
carcinoma KB cell line (KB/TAX) was established by addition of the drug to the cell cultures gradually, then a
novel N-sugar substituted thalidomide analogue (STA-35) was investigated for its reversal effect on MDR of
KB/TAX cells and possible mechanism. The results showed that KB/TAX cells were resistant to several
chemotherapeutical agents, and the relative resistance to TAX was 73.1. Compared with parental KB cells, the
function and protein expression of P-glycoprotein (P-gp), as well as mdrl gene in the KB/TAX cells were
remarkable reduced. Moreover, both KB and KB/TAX cells were sensitive to STA-35, the relative resistance to
TAX on KB/TAX cells was decreased by the addition of STA-35. Furthermore, STA-35 (5 ~20 pmol/L)was
capable to reduced the activity of P-gp by increasing the accumulation of rhodamine 123, decreasing P-gp
expression in KB/TAX cells in a dose dependent manner , but had no effect on the mdrl gene expression. These
results suggest a potential action of STA-35 as MDR reversing agent, and one of the possible mechanisms could be

the suppression of P-gp function and protein expression.
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