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Abstract— Some multidrug resistance inhibitors have been known to be influenced by the serum concentration.
In this study, effect of serum concentration on inhibition of nucleoside transport by BIBW22, a new multidrug
resistance inhibitor derived from dipyridamole (DPM), was studied. When 5% or 100% (v/v) of fetal bovine
serum (FBS) was contained in the culture, DPM dose for which nucleoside transport was inhibited by 50%
(IDsp) was 042 uM or 1.17 uM, respectively. BIBW22 also showed the same trend as DPM gdid in response
to increase of FBS concentration. However, IDy value for DPM in the absence or presence of human plasma
was 0.007 M or 1.02 uM respectively showing 145times increase of ID; value. IDs value for BIBW22 in
the presence of human plasma was 0.028 uM showing only 5 times increase in IDs value. This result suggests
that potency of BIBW22 was much less affected by the plasma concentration and BIBW22 could be a good
candidate for a clinical use in multidrug resistance treatment,

Keywords [ ] BIBW22, Multidrug resistance inhibitor, Nucleoside transport.

gH71A] ¢ ABel UM FAE AT A 20

o w9 F23 9L sfgtorKTeeter, 1989) a4t
Aol Wzt FAAY A & oA HA (multidrug resi-
stance, MDR) wl-Z¢l| 4334 x5} A Adr=E 2
k. chAAde) AL 7 7kA] $79] kA W
Aol A71W sEhrxrl As th2e ggagg viet
e 713 ohd o871 getAle] dalA F-A)e
Ag e Aotk & tAUA-S 2L gl #AE
vinblastine(Vinka alkaloid), VP-16, Taxol, Actinomycin
D, Adriamycin(Anthracycline) S-¢il 3|4 = <A RS
viebdch(Young, 1989). whebA] iAW oz Q1 At
£o oz AF Age ok 60%c] o] 9o
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A WAL dAske 4E s Eis] ZYE
itk A7 dhAW A A4S A lee®
25z B Fo] Wol waH o} ohAA]l oA A 24
Argsprlole WE 2 FEsF Hesit Fabgel
270 247 =32 9o} (Leyland-Jones 5, 1993;
Fords} Hait, 1990).

thAY A4S veldle ARAQ o= mdrl FAAR
e 3 170 Kd9 phosphoglycoprotein (Pgpl170)°]
H|BolxH o B S AEyleR {FEAZLEZHN AL
W] okE-Fert weobA A getAl ALl AHfe] glelH]
A 7] wfelct. 17k mdrl A ATEe] oA
Aol Fe3FSL T mdr29) 75 4¥AA] %X ook
(Gottesman®} Pastan, 1993). Pgpl70-2 Al £2He] &)
b 12719] transmembrane domain¥ 27§2] ATP A #
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£ zZt7 9l integral protein®.E4] ATPE 4R
E]-‘IUH Ao g okEE-2 AEYOFE pumping out
3l= drug transporteri 284t} (Endicotte} Ling,
1989; Young, 1989; Shen 5, 1985; Chen %, 1987).
Tevt mdrl AR AFF B A7 A7 (Herzog 5,
1993; Currier &, 1992; Sorrentino =, 1992; Sarkadi
&, 1992; Valverde %, 1992; Chen %, 1990; Chin %,
1990) = E7sla Az AL Jelie
A ZEA A Pgpl700] oj=A 2p8-3h=2]9} 2 A A}=]7}
o= H9]lA] 5L olAx FER] dstch

DPM-& -t}"o"“é-_& gaA e} AP A A=A
AHEE I 9l ow (Fitzgerald &, 1987) 9 As}st=q
7132 AETeA 9] nucleoside FAA 2 cyclic
AMP phosphodiesterase® 9A5}7] wj&ql Aoz <&
24 glt} (Fitzgerald 5, 1987; Paterson 5, 1980). =&}
DPM -& 5-fluorouracil(s- FU) methotrexate(MTX), cis-
platin¥} 7o dekae] zha-g Z7)4) -7]11] (Grem 3} Fi-
sher, 1985; Goel %, 1989: Jekunen =, 1992) o}Au
A& JAZ} (Asoh %, 1989; Shalinsky 3, 1990).
wetx] 5-FU¢ DPMS 34 A18sled ghaulAd 2wt
olg}l nucleoside $4% oAl Zoz 4 5FUe
MTX¢} 72 tha}d 5h4)(antimetabolite) 2. {18+ A L=
Ae A2AlE Aoz <49A 9t (Fergusond
Cheng, 1990; Parker2} Cheng, 1990). zz+} 5-FU%}
DPM=2 AA = %1‘7_‘]_30“ A48 o= g i) ¢
Hdom 2 olf= DPME thAviA AAAZA A8
HE 27)9% iﬁ"i AHe e d5sErt Ui
Fotxef 817] wEoltiGrem, 1992).

#Zo| sis BIBW22 (Fig. 1)+ Dipyridamole
(DPM) #-=AZA chAWA-S Jelhll= AE KB V20
Coll wisl DPM .} 10~100% 733k chAlAd o=t
42 velfglt} (Chen 5, 1993). & BIBW22:= clA|
WAl AlZE KB V20Ce)4 DPM Xt} vincristinesl] ©gF
s ok 10 Hx F7RA7)aL Pgpl70¢] 7]Agl
rhodamine123¢] &2 <k 1008) Ax ZrlAz.ew
KB Al ZoA 5FUS AEEAL o 200 Ax 73314
Zth =3 BIBW22= DPM R} nucleoside 5% <k
7l o)A} 738 %] oA ste] Pgpl709] drug efflux 7]7&
AAFe=ZR AW JAAZ 243} (Chen F,
1993). 2} BIBW225 A& e7|o oA Hasl
A F9 shie HAFEe 2% chANA JAET)
dup} WA FAse Aolvh gvksld dAgA
AAAZ 71 o] 7= o] 9l calcium-channel blo-
cker (diltiazem, verapamil, nifedipine, bepridil) S-&
FAW 2] il Al s} AE)E 6] go] o} irol (diltiazem
78%, verapamil 90%, nifedipine 98%, bepridil 99%)
GAWAS JAsHs A £ 9% F7)dFo|t)
(Formelli -5, 1988). wzla] A& Pgpl70¢] oigh
A A oA 2Hgel 4] BIBW227F DPMXYx} Q17+

XM BIBW222| nucleoside =0 O|X= &gt 117

o

peteercy

H3 C 3
Fig. 1. Chemical strucrure of BIBW22,

% £ Q32 ubz] ¢F2 2 3q)3led o m(manuscript
in preparation) ¥ <¢iFell4] BIBW22¢] chAvA
A &AL EAFE YA drht MBS =R E nuc-
leoside T29A5 432 FHsldh

HE

HEEA=

[(“C] thymidine(56 mCi/mmol) ¥+ [“C] uridine
(432 mCi/mmol)2 ICN Radiochemicals (Irvine,CA)=.
FE] 795l ARgElal o odFEA] o2 7|ef Aok
Sigma Chemicals (St Louis, MO)Z 8 4%l A}
2319 ¢l Phosphate-buffered saline (PBS)3= NaCl 8 g,
KCl 02g, Na,HPO, 144 g KH,PO, 024 g& 2ol
800 mlo] Y3 2+43] =9l t}2 1M HCIZ pHE 74=
23 HE Bt 107} HEs do|2aF 7heh v
022 um filter® i3} PFste] ALLsigcl. DPMT
BIBW22+ Dr.Karl Thomae GmbH, Biberach/Riss, Ge-
rmany A F4H A& A3k BIBW 22& AR
e 1008 ¥Ee 100 M, 30 uM, 10 iMe] HEZ
dimethylsulfoxide® #Aj&le] —20TCo]| Alg& w7}A]
BAskgich elZHE AL Yaleth 8 ol AbAAM o4 A8
Ag AHasgs.
bH x|

RPMI 1640 basic mediadl] 2ej=x} 34 (fetal bovine
serum: Gibco BRL, USA)S 5% =A 7}l 50 mg/
m/#] kanamycin sulfate (Sigma, USA)-S < 100 ug/ml
=7 =HA 7k
N ZF

Ql7t At tA| £ KB cell line-2 American Type Cul-
ture Collection (Rockville, MD)ellA] T-4]3}e] A}&3}
ot} KB V20C cell line-& KB cell¢l] vincristine?] ¥
g gAA R FIPXA FHA vincristinesl] #3441
AL AEsle] HEH e Z 20nMY vincristineo] *]3F
Ae el AL Ag3lgch KB V20C cellg obAW
A& el Pgpl70L- overexpress3dlal gl2-o] Wes-
tern blot > & #<ql=lgic} (Chen 5, 1993). KB3-1(Akiy-
ama %, 1985)2 KB cell®] subcloneo] x5t A-efa}¥ A
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£ 10% #H7Vele] wleksieich. KB MDR cellUeda 5,
1987)2 KB3-1o| mdrl A2 transfectionA] H ] w2t
E WA AlEe)n] adriamycing 20 yg/mio] A
A7Feted whofslolch

H=E ufj2t =A

KB cell line& 5% fetal bovine serum} 100 ug/ml
kanamycin sulfateS 3H-sl= RPMI 1640 w|#A| 2 5%
COE i3k 43 371 &4 skl 37CelA )
al&led o). KB V20C cell line& 5% fetal bovine serum}
100 ug/m! kanamycin sulfate® 3Hf-5H= RPMI1640
mediaef] 20 M <] vincfistine—é— 715l 5% COE Thr
e F83 F7] ZAB A 37T A w stk
Nucleoside T=%

[UC] thymidine (56 mCi/mmol) £+ [“C] uridine
(432 mCi/mmol)-2 4X10°42] KB cell-2 35 mm plastic
dish (Becton Dickinson, Lincoln Park, NJ)¢] A£38}w
37CA 40~48A]17F &b wikgt by drugs 7)3l7)
L5A1Z Aol vlA| 2 A2 wiAR &3k g3
=2 DPM %= BIBW22& #7}sl 158 3! prein-
cubation &F 1uM¢] [MC] thymidine (56 mCi/mmol)
T [4C] uridine (432 mCi/mmol)L U3 30&=7F A
2ol wiokstdct 3027 wiekslt ¥ A9l dishs
L8l WA ZF FYAASZ 20 M2 DPMS -
3= 2ml9] ice-cold PBSEZE cell2 5¥H A& sl
Dishell 1% Sarkosyl €4 1 ml- #H7}ale] cellE g
& 8 m/9 scintillation fluid (National Diagnostics, Man-
ville, NJ)2} & 4o vl A431gc) 48 A9
§HolA] ke =T AFEL oI o] Ar|stth
AAE AL 5% 743 RPMI ulx]<) A wu]kit KB
cellg ¥AL A3 HristA] ¥ RPMI wjA]2 =&
F3o] DPM =& BIBW22E A7}sl3 1587k 37Tl 4]
sjokslodom 1 o]F o Zz2 92 W YA
CRIT =
Dspgtel =4

D532 &3 517) A 2%k 29 o)) dujdde
Al 2] #}ed Dgghe! ekl el HY & AA AT IDse3t
DPM £+ BIBW22E #7139 2] nucleoside %
2o Jojzl AYPAE FEAE A ¥ W2
AP 2 o] graph® 234 HE2T9 nucleoside
G258 50% QA S FEQ) $EZS [DsgH50% inhibi-
tory dose)2.ZE Fgich
SAH wald #H

A4 o4& grsr] A8 2E AL 20F
o 22 s)o] 284 AW AR} 4214 240l Student
t testS ©]43ksdch

4 =

UMzt ciRHEAIZEN A2 Thymidine 5
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Fig. 2. Effect of BIBW22 on thymidine transport. KB, human
tumor cell line; KB3-1, a subclone of KB but requires higher
fetal bovine serum concentration for growth; KB V20C, a
multidrug resistant subclone derived from KB by stepwise
selection for resistance with increasing concentration of vinc-
ristine; KB MDR, a multidrug resistant subclone derived
from KB3-1 by transfection with human mdrl gene.

DPM-& oAl = c}AIlA] A Eefl 4 nucleoside <=
F& A= LE dBA o= 2(Phillis 5, 1989;
Chen %, 1993) & A3dA= BIBW227} gtAlxs} o}
AWAGA ZeA A o Zolzb A FFEEALAt o=
59 BIBW22& 713} Abee]A KB, KB3-13} 12
BE S5 JANA AE7EFE] nucleoside 52 o
AA=Z &A%t Fig 2= KB £+ ¢} KB3-12&
H2E fAE AW AE KB V20C 2 KB MDR7}e)
nucleosided] thymidine®] 4=34-°] BIBW22¢| 2j3] <
A= HEo 94 e 2 #Hib geg vehin
Atk & ok Azl FHAE 7l BIBW224]
2}3t nucleoside §=5Alel] & x}o]7} &L HolF
Atk
2EfXPEAE =xo| e Thymidine T&2| &g

DEM ZA)4] KB A EE o] &3t A2ejzl ¥4 F57}
nucleoside A od 9FL v|xx AAs}7)
s AeiA ¥HE 5% M7 etegdLw thymidine =4
QAo BLE Dy 042 Melgler} 100% FBSE
A7l e b D 117 ME ©F 288 B%=7} 27}
ztglc} (Fig. 3). z2v} BIBW222] 7 ol Aef2}d 3
F5E 5% Arbstd-gv= IDso7} 042 uMo]gl ot &
A FAEEE 100%2 T@euE Dy} 117 MR
DPMe] 7-$-s} 22 28] F71slsich & BIBW22&
B A5 =7} 5%l 4 100%2 Z7}§tel ote} DPM 7} 2h&
thymidine 4AAA=E Veplisic). €45% 712
918t thymidine®] F4dAHe] AadA2 uridined
AHgEleE W= AL 2 Fe el grk(Data not
shown). =& Az} ¥ A& PBSd| 297t 5438 A8 2}
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Fig. 3. Effect of fetal bovine serum (FBS) on thymidimne
transport in KB cells.

HAE AHgAelxE 22 kg Yehfgdok(Data not
shown).
izl Ee] sl e nucleoside $=&2| HEk
A8 FEH3E7} nucleoside F5Ae] ojd
QS vlAex AAE7) Qe A7k AL o] S35}
nucleoside g+5=¢] A= E AEE AA s}y ==
H3rx Ao Y RPMI vl A|of] Q1738A-S 5%,
10%, 40% A7}3-2 o= RPMI #j%]7} gel& -$11.5 o]
nucleoside =4 A&e] Brl53lch weld A7-dA

o

» DFM - plazma 0%
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Fig. 4. Effect of human plasma on uridine transport in KB
cells.

+ A8 3R @7 RPMI s A4 k33 e s
25 x@g Aeut AGsisdc =% uridine 52
thymidine <43t} DPM =& BIBW22 o =% =17}
st2 2 (unpublished results) thymidine <% Xr}=
uridine F5-& JAs=d 2838 Dyt A sksch
A7 A 314 -2 vl x| 4 2] DPM 2 BIBW22
ol 213} uridine g4 2] IDs 32 0.007 M3} 0.0055
UMZA Z 2oz} glglenl RPMI vj# 2 23] 4l
Ao g 2848 7%= DPM 2 BIBW22¢] 23k
uridine 594 2] [Dggte] 242 1.02 pM=} 0.028 uYME.
Z7t=E od ek (Fig. 4). Z DPML Q1z7k3 ko] A Alo) IDs,
grol 145w =rlelgd e} BIBW22E 5elul Z713-
vleljo] BIBW227} nucleoside 58 HAs=d 3l
o} & e3¥E PR ULE vFehia it

nl &t

Nucleoside 4=%:A|(Nucleoside transporter: NT)eol+=
A E71A Helr)k 2%k 48 A 2lviPlagemann
I 1988; Wu <, 1992). & equilibrative, facilitated dif-
fusion NTE= BE A XA 2= old NTE 4
micromole “5X2] nitrobenzyl thioinosine(NBMPR)e]|
9175t es(equilibrative sensitive) NT<} NBMPRel| =1
7}8}=] 98- ei(equilibrative insensitive) NT® 725 ¢}
a8t} es @ ei NT 25 DPMe| ®Wztslc}y, = o&
NTi= Na* dependent, concentrative NT24 NBMPR
7} DPMel 25 2348 vehdls NT 2AgH 7]3e]
formycin Bl 7ol & cif NT 2}adka AfA7]3le]
thymidineo]® cit NTeliz &} ¢]f] Na* dependent,
concentrative NT= nucleoside salvage®} 4173} Aol
A9 dekgFda F83F 4EE ok 4=A Utk

ApAg o g EAshe of2]7}1A] nucleoside £ tHA}
Ak e] arA e E ATEAHL AR & A
ARes Eafske «JZ7HA nucleoside Fol HA
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EA ALY == T 2 AZEFE HEHoEH
5FU¢ 7 diAAddAe] A3dE& 2 =5 g} (Fer-
gusons} Cheng, 1990; Parker®} Cheng, 1990). u}z}A]
A A2 A5k nucleoside T4 % AAFE 7]5E
AT °b%5° o2 7}A] AL FAlo| Fod I
E}E}h&t{jﬁ'ﬂfﬂ £t ‘ﬂ"‘j-ﬂri vehdit), o]a okE

2 Pgpl709) ] < gAEte] TS dAge
gl.dm] (Ford2} Hait, 1990, Fojo &, 1985) 3} 9]
Z& M EZXEE thymidine uptakeS AE =k o}
1]} 5-fluorodeoxyuridine monophosphate®] A W] &
5 Aoz Z71X)71 0. 24 (Grem# Fisher, 1986)
5FUY AESAE Zsight B AfeA ARgst
DPM2] $-54 ¢ BIBW22+ DPMe] ztx gl= EA =
A A <14 7153} nucleoside 5 7]5°] %’{
735 5ARAL zkw 9)tt (Chen =, 1993). BIBW22+=
Pgpl702] 71%5S A9 olvjZ}(data not shown:
manuscript in preparation) ¥]5o]® % nucleoside
S48 oA she] ghahas elE g AEdo.
3 DPMo) ﬂr"* WA dAEZez Ay eR ARg-
7)ol vt 2 43E FoAF o} 517] wgel AH§-o)
27158k o0t BIBW22: 1M ol sl A= $33] o
ARAE-E AAEE g By o) FAFEAE &
B kA o= A2 tAUA AAARA A}
%—% T 9e Zeg 7dgsich

B Age) A BIBW22: Az d3e] &g}
alZkdAto] EAl et ol nucleoside 534 Bl A
Z Ao)7t glgdert DPME £ Apoir} 9lfo] #AE
ek o) okE A se] Alol 7t GA X7} Ba BN
o272 A7} "ﬂZ}%?‘c}‘)ﬂ% A2 A3 =]
glon} e apE Aol g 57—°]7‘]-~E~ H] 23}k o2 7}x]
°1Z}‘“°\ A g)7] o Zgo}l 22 |

dx7F DPM & 2ke]=}-8-of ﬂ f’- FEE PA=A=

F5 ulsold FAe|th

4 E

A2 chAA oA Al DPM #=4 BIBW227}
Az dAre] A chAlvAg JAEAT} dvhg s
24 nucleoside $4A AxE AT AF 4
At
YAXEZ 5% A 100%2 5732w o= DPM 2] [Ds
Frol Zolste AR e Axal 288 Z7blgich 2
2} 17t EAEEE 0%lAH 100%2E Z7H-&ud=
DPMel| A= IDsogke] 145w F71 2.2 3 0% A 9] nu-
cleoside FEAAH} Ze GEE ezl AsiA
DPMe] oFE5 w7t 1458 Z7hs]ojof s} BIBW22¢)
AE IDgpzke] 24| 58] AEul 2713024 A5
Hael A7 wee viehisich
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