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Cytotoxic effect of anti-cancer drugs in resveratrol-treated cells
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Chemo-resistance to anti-cancer drugs is a major obstacle in efforts to develop a successful treatment of cancer.

Resveratrol (RSV) facilitates the cellular uptake of doxorubicin through an induced down-regulation of multidrug

resistance-associated protein-1 (MRP1) expression. We studied whether RSV enhances the cytotoxic effect of

vinblastine, vincristine, irinotecan, and etoposide in MRP1-expressing Burkitt's lymphoma Raji cells. Treatment

with RSV caused decrease of cell viability in a time- and dose-dependent manner, and down-regulation of MRP1

expression in Raji cells. The cytotoxic effects of vinblastine, vincristine, and etoposide increased in RSV-pretreated

Raji cells, but the effect of irinotecan did not change in the cells. These results indicate that RSV enhances the

cellular uptake of vinblastine, vincristine, and etoposide in Raji cells.
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AFNVRYFAEWTRY) 72/ —VO—FT
»HbHLANT h1—)u (resveratrol, RSV; 3, 5, 4-
trans-trihydoroxystilbene) &, 7 K7 OZER R
WEKGENLTMRIAWE L LTHSGNTED, Y
BITE, RSV IC X 2 HFMEREHOWIES T2 b
TWwa. 2006 F12ide b EFUHAETH LY
ADFGEERESED L OBENFERSR, S5
WKCEHERETFLELTHONR TS —F 21~
(sirtuin) A7 — K3 % NAD KGR 7 £ 5 v 1k
BREEE O 28 VXV HOEEEY FASE5 2
EbEE SN, HFHEEDOTNE, 2

2010 4E12 Kweon 5%, A DOZHIMEDEIK D
—D L EZ LN TWAIEYPEH A ABC transporter
T&d 5 multidrug resistance-associated protein-1
(MRP1) Z@&HEHLTWL FF VLY Vit
P B R 2 RSV TALEE4 % 2 &2
X0, MRP1 OZEHENHAL, FFVILEY K
PEE R LAES Z 2Rl Y LA L, RSV A
DA AN L CRBRDEIR 2 3 2 D12
DWTIEAHTH S, N—F v M) UoNEIE, JEk
VXY NEOHTHEMEOREVELGTH L.
JERE LTEE, BoT, EOfFFRZzEDY) o8
HIOZ WA ZIED R WL YA TE L. £

Y, By UAF Y, FLREZVOUYD4FITO
CHOP BEAT O TV A7, W OHH b mik
FECHHT A2 LDPRETHL. T2, & b=
F v M) Y oNJE Raji g (2B WT, MRP1 3%
LTWAIZEPHMSENTWAEDT, 9 Raji g3
KINOESEZ Z OFFITRER T 2 LHER SN 5.

KX Tk, RSV 2 Raji il IZHE L T 5b
MRP1 OZHE % KA S5 2 LR TEIUL, KR
FEDOHEHKTHINIE 2 FET LI L TEHLEZ,
ErhTnvaaAd FRIZEL, BRTIEEE) o8
EOERICHEDbNDLY YT T AF >, BNEOEE
RO HE L, NERADERICHEDbILE Y 71)
AF v, PRAVAT—F IHEKTHI»A - I
RYF ) YNEDORFICEDNS A )T B
TP RAVY AT =¥ THEEHICLY, AT F
) YSEOFEIIIKT L NNR—-T (HdE) B
Wb b b RY FEHWT, RSV & DfEHIZ
& % Raji Mg~ OAMIEICEHERN R & a7z

KBRS L URBRTE
1. REMH

Raji Al 13 AL K27 e 12 < F FE P B A A
Brryy—rkopftgEanzboziniz. 2o



46

%

SR, EHERRE,

WX MR MEth, ZH A, SH —hE

oz, 10%IE@f~ > G R % & & RPMI 1640
B (H/RBEEAME, W50 PT, 37C, 5% CO.
FIET TR L 72
2. LANT bA—IVIC & 3 B ETEIF

Raji (5% 10° fil/well) % 48 well 7' L — M Z4ffH
L7, Z0Of%, RSV (Ftisk TR, Kk
DEFEEAT0, 125, 25, 50 B L 100 uM 1272 %
E9winz, 37C, 5% CO, fFFE T T, 24, 48 B &
O 72 el BE 2 L, A rsz b v s 7OV — Rk
BrakBric L sk 7.
3. LAXNZ bO—JLAEEIZEL S MRP1 HIRED

Zit

Raji (5x10° fil/well) % 48 well 7'L — M ZH#iE
L7z, ZDOf%, RSV ORREEDO0, 125, 25, 50
BLO100uM 25 X912z, 37C, 5% CO,
AT T, 24FHEERE L 2. K#E%, TRIzol
(Invitrogen #1:#, Carlsbad, CA, USA) 200 uL
28R %, purelink RNA mini kit (Invitrogen £t
) % M\ T total RNA ZHlili L7z, RNA jFE
¥, GeneQuantl00 (GE f#:#! Uppsala, Sweden)
rHWTHZEL, lug % v T VILO cDNA
synthesis kit (Invitrogen #1:#) T cDNA %= &% L
72, EfnF3BlEE, TagMan probe 2 FIH L T
DT oORYFRE 75 4 ~— MRP1 (forward: 5
CCATGTGGGAAAACACATCTTS; reverse: 5
CTGTGCGTGACCAAGATCCS), p-actin (forward:
5CCAACCGCGAGAAGATGAZ; reverse: 5
CCAGAGGCGTACAGGGATAGS) BLU 7 I 4
< — {2 U7z universal probe (MRP1: #89, g-
actin: #64) FH\v», Light Cycler® 480 (Roche #1#Y
Indianapolis, IN) THl%E L7z, EBEEZATH 72O DM
EHIIEE O cDNA % 10~10* f5 I AR L 72 H
% template & L CTHIZE L, HoN-8E~ & I2K
w2 ER L 7z
4. LANZ PO—/IH LV REFEICK 3l

HEEADE

Raji (5x10* il /well) % 48 well 7' L — b (Z$FFE
L, RSV Z#EFE 125uM (2% 5 &£ 5120z,
37C, 5% CO fFE P C 4 Em L. Z0
%, FEAMIZE®EY Y 7T AF ~ (Sigma fH#, St
Louis, MO, USA), 41/ 7# >~ (Sigma#f:%),
vy 1) AF v (Sigmath#) BIXOTZ MR F
(Sigma #1#) OFEENRZNZE1 25 ng/mL,
5uM, 10 ng/mL, 100 ng/mL 127 % £ 912Nz,
FRRE AQ IR 22 L, R M) vy 7 —taFPk

WritBRic & 0 EfFEE RO 72
5. MUNCT I —&FHREER

Raji Ml % 2B B & OB CULERf:, 04% b
8y 7TV =i (5ul) (Bio-Rad #:#., Hercules,
CA, USA) i@ Gul) ZRBML, &=
(10uL) % TCIO™ Z&HBjL VAT & —HHRF
4 F (Bio-Rad #:#) (20— K&, TCIO™ 4 H &)
LA F — (Bio-Rad #H#) (2 THEMALE & PE
MREE A s L, AfrsR e L7z,
6. HEtFHINIE

FERRE R L, IO L EEBRETRL. FE
ARsELL, Student’s t M L ATV, fEfRER 5%
DTFaFRE~ED ) EHELT.

o S

1. LANS FO—JVIZ& B Raji IO EEFEERD
Z1t
RSV %%, Raji Mlfg 2 /f L CRULEEE B X OV
g RS B L MR AE % 55389 2 S A 2 MR L 7z,
RSV OALELEEE % 0, 12.5, 25, 50, 100 uM B X
OVILERIER % 24, 48, 728 & L, M AEFRD
AL E ATz, FOFER, RSVLEIZ LY, B
B L OB ERAEAC Raji ML 0 = RDMET L,
25 uM PL EORLERIZ X0, REAREICAE A
FRDPMET L7z, RSV 125 uM T 24 B LB L 72
Raji ML DAL 95% T, RFMAL (97%) &
EIZRCTH -7 (Fig 1).
2. LANTZ bO—-JLIZ& 3 MRP1 #HENDZE1E
RSV ALHEIIZ XD, Rajififgic®gH L T b
MRP1 2349 % & H % =& RT-PCR % H W
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Fig. 1. Cytotoxic effect of RSV in Raji cells

Raji cells were treated with resveratrol (0, 12,5, 25, 50 and
100 uM) at 37Cfor 24 (open bars), 48 (solid bars) and 72 h
(dotted bars). Cell viability was measured by trypan blue dye
exclusion assay. Each value represents the mean = S.E. for three
independent experiments.
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TH~7z. MRP1 ZH{ =%, RSV LE 125 M T
13 23%, 25uM TiZb3% L AFRIZIKT L. LA
L, RLHMAE LD b, 50 uM LHTIZ 44%, 100
UM ALFETIX 25% &, MRPL #EIUIA BT 3
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Fig. 2. Alteration of MRP1 in RSV-treated Raji cells

Raji cells were pretreated with RSV (0, 12,5, 25, 50 and 100 M)
at 37Cfor 24 h. Total RNAs, extracted from RSV-untreated and
-treated cells, were analyzed by qRT-PCR using MRP1 and f-
actin specific primers. f-Actin was used as the internal control.
Results are presented by one fold increase, and each value
represents the mean +S.E. for at least two independent
experiments. *, p < 0.05 versus control. **, p < 0.01 versus control.
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LD, BENEL R AIZONTMRPL E3l&
DT ARES S 5 K5 R 57z (Fig 2). Fig 1
BLO 208 E,»S, 50 uM LHIZ X 1) MRP1 3§
BEIIRLETT 505, 2 OEETITMBERE
ARWMBAIL L D 4T L7z, 20720, i
FEBSEE & OFEFIZ 5 RSV g, MR
ARG & 1FIEFE U LX)V T, MRP1 38 &
PS5 1256 uM & L7z,
3. HEBELL AN N O—-LHAICK 2l

EFENR

Fig. 1 B X U2 THEF L 72 RSV &% B & OV
BE<T, Er792AFy, BV IZYRAFY, 1Y
JFA v, TERYFEOHHIZLY, MRS
BRNRDBEACT 20BN EMET L. bUSy T
W— B EPERRABROK RA S5, RSV 125 uM Tl
FALH Raji ML & JL#E L CHE R AGFEORTIX
RO LT, Tz, FNE N OUNES S L
TOEERIE, U7 IAF 0 THT8%, ¥
JAF TR T4%, 1) ) 775 2 TH82%, T b
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Fig. 3. Cytotoxic effect of anti-cancer drugs in resveratrol-pretreated Raji cells

Raji cells were pretreated with resveratrol (125 uM) at 37Cfor 24 h. Then, resveratrol-pretreated cells were treated with vinblastine
(25 ng/mL) (A), vincristine (10 ng/mL) (B), irinotecan (5uM) (C), or etoposide (100 ng/mL) (D) at 37Cfor 48 h. Cell viability was
measured by trypan blue dye exclusion assay. Each value represents the maen+SE. for three independent experiments. *, p < 0.05

versus control and anti-cancer drug alone.
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EYFTRHEBERY, X7 )AF L TOIRE
FIEFERDPET Lz, RSV EILELER, #h2h
DOYUESHE TR L 2 la0EFRIE, T T
AFVTRI69%, ¥ 1) AF Y TH62%, AV
T Hh Y TRISL%, T hERY FTIEHET%TH -
2. AU T H 2BV TCIE, FELZEBIIED
LY, Br 79 ZAF v TiE 9%DHIRATFED 5
b0, AELEIRIoT. —FH, 7))
AF v TIE12%, T N RY FTIE19%0F = 21
MRS 57z (Fig 3AD).

% =

B YEOEFICHEH SN TS T N7
YA T IR A L7 A A e
multidrug resistance 1 P-glycoprotein (MDRI1 P-
gp) ®FEBTLHLH12% Y, MDRI P-gp THER
WCHElE S 23 Th b u— 43 > 123 % Mgt
RS 2 2 el SN Tnw5, 9 20 k)i,
WA ZHI ki, MDRI P-gp % MRP1 %
GEUHEYPEM NS VAR —F —ORHEFEL,
A AKI OB~ OHEE 2 AEHE L, HLSAKI D
Rz G S, mEREZETIEL I LIZD
D3 h . A OFEEM,S, RSV I2iE, Raji Mg
L CEEED L WIZER R X ) EfFRE
KT8 80H L2 EDmE/z (Fig. 1).
F72, MBOEFRPIRKE LML 2 WiRET,
MRP1 % » /87 8% 2 — F L T\»% MRP1 mRNA
BHEXH 23% WL L LbRENn (Fig
2). MRP1 ¥ &% 23% P LT LN TE S
RSV OALER ST C, PuAs A ZE DML RHER) R
VWEFELNEPERF LA, RSVELE YT
TAFEDOPHTIX, E¥ 7T AF v HARLHE
ERB LU THEEENIHI% KTL, €z ) AF
YEDOPHTIRE Y 2 ) AT v HERALE & TR L
TH12% WA L7 (Fig 3A,B). ©¥ 79 AF v
vy A5 ik, £IZMDRIL P-gp BL T
MRP1 THRfEE % EHESNTWE DT, 7 E
YOV AFEDOBRTHENIEL 25D,
MRPL1 ZBlE DK TIZE-TE Y 7 ) AF Ok
MPETFLAZEEZONA. Tbb, RSVIE
MDRI1 P-gp OFHU LB J 12 S Wi getEds
HHZEHERLTWS, RSV EBEH L THRIED
hrolzA) 2775 ik (Fig 3C), ABC ik
BT 5 ABCG2 I L D HEE S LA 2 &3t &

NTws, ¥ 278, RSV EHEH L TH RSV 2%
ABCG2 OZIBU B % RITS 2 W RS 1),
BERR R 2 EE 2 BN 5. RSV & OFFHIC &

D, ARESETEER R %ML /2= bR R
(& (Fig. 3D), MRP1 THElE N5 Z &3 6N T
BY, DAL ) MRS EEE R R A BN
L7zsEZ2z6N5. TNETIZ, MRP1FHEH 2
Hd 52 EDNMEINTVDE AT VR ALEWIX
RSV 7213 CTH AHY, FLAF VN ALEWIE L
TWTHELPIEFICUTWLIELET Y V) — )L
(piceatannol, 3,3'4,5-trans-tetrahydroxystilbene)
b, RSV & [FEAfIC MRP1 383 % #3- % W gt A
HbH. LhL, RSVAED L) %k T MRP1 %8
B2+ 200200 TIE T 2328513 7%
{, FRREAILAF VAN ALEWTH RSV & FEED
R Z AT DEPIEIAATH S,

4%, RSV @ MRP1 ZHIPHIHEAE B L 025 AM
FaD R B % LT & %\ RSV OB IE R &
A 72 MRP1 S8 0 720 O RSV B IE R EE %
FENLT 52 82X, N=F v M) UoNEMILD
A% 5T MRPIZHEHL TnbH 5050 AMA
WA LT, U ARIORN RO D 2 W T KED
PLOSAKIBHICL D SR SN Rz &
DORWERH ORI D %035 2 L 2 WL 72w

REFERENCES

1) Murias M., Jager W., Handler N, Erker T., Horvath
Z., Szekeres T, Nohl H,, Gille L., Biochem. Pharmacol,
69, 903-912 (2005).

2) Baur J. A, Pearson K. J., Price NL. Jamieson H.A.,
Lerin C, Kalra A., Prabhu V. V., Allard ]J. S, Lopez-
Lluch G., Lewis K, Pistell P. J., Poosala S., Becker K.
G., Boss O., Gwinn D., Wang M., Ramaswamy S.,
Fishbein K.W., Spencer R. G., Lakatta E.G., Le
Couteur D., Shaw R. J., Navas P., Puigserver P,
Ingram D. K., de Cabo R, Sinclair D. A., Nature, 444,
337-342 (2006).

3) De Boer V. C, de Goffau M. C,, Arts L. C., Hollman P.
C., Keijer J., Mech. Ageing. Dev., 127, 618 — 627
(2006).

4) Kweon S. H, Song J. H, Kim T. S,, Biochem. Biophys.
Res. Commun, 395, 104—110 (2010).

5) Sugawara S. Hosono M., Ogawa Y., Takayanagi M.,
Nitta K., Biol. Pharm. Bull, 28, 434 —441 (2005).



LANT b O — VALERHIRE L 31 B U SE O %R 49

6) Kuteykin T. K, Luna T. C., Ambroziak K., Léscher 8) Arnaud O., Boumendjel A., Géze A. Honorat M.,
W., Br. . Pharmacol, 160, 1453 — 1463 (2010). Matera E. L., Guitton J., Stein W. D., Bates S. E.,
7) Borst P., Evers R., Kool M., Wijnholds J., J. Natl Falson P., Dumontet C., Di Pietro A. Payen L. Eur.

Cancer Inst,, 92, 1295-1302 (2000). J. Cancer, 47, 640—648 (2011).



