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F—AMHEFORAOERR, EERMIT5TEE, FUNREOETLRERORE IS %
S S 5.
FHEOE, INLOIEEEBLT, EW 52 2HK—5 —0 SNP BRI (¥ 232
HAORES IURETRER) 2RENICHEL, BEHREHONTFAD = XA R ER LT
v, BEELFDETHERERROEBY ThHE.
1) %YV VEBOSNP 25 b 7 > AR— 5 —CRIZTRE S, BRI VAIEETE
RELTHEARRYRAZ V-2 VI LS TR T 5.

2) YT AR —MIETFOTOE— 8 —FIONSL XA 2T w74 7 ARG IEAT
TV, SNP 7= R—AESW T T OE— 5 RO EREFEET 3.

3) TUE—¥ - SNP BEHEF BTS2 2B BT+ 27200 in vitro &
BRI TA. '

EFABCPSURF——D7 I /BEREEEISEMY

WEFI -2y 7w b7 ARFERICESWT, BEDEZHH 50 EOL b ABC
F7YAR=S REFHERRENTRE9~9, ABC b5 v AK—& — 3B — ik
PECRIFENIZEF—T (Walker A & Walker B), ATP &40 (ABC), I6RMAANE
FaFEEdh, TOoMEOBRTICETHUT A~GCDLE20H 7773 ) — o aR
Twa, FPIYAR=5—OL (PR DERCRY L 2ORBMOWR I HETH o L2
PO RoTE T TIMEEOMA E, ABCBL & ABCGZ 20oWTOH, 73 /&
BRI AEFEREOE (OB ERBNT 2.

i) ABCB1 (P-gp/MDR1} (2350} 3 B5F 2 B OIEEERRIR

EMABC FI7 Y AR—F DR THEINFRESNT, TRETHOZLIHESALTN
2 b ?Dik ABCB1 (P4E% /32 ®, P-gp/MDR1) Thb. =D ABC b ¥ AR—F —Ia,
ATP IZIRTF LB A OMIFL S~ RE D) B 52 ASE IR O % A T 4 B & LC B3
ENLRPOMTLHS. ABCBl RERBALLERINRREZ L, TV 7oAy, 7%
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E13-1 PI/EER%4D ABCEBT MGETER

AS98T Q11a7p

13-2 PI/BFR%3H2ABCB1 @ S0 IRTORIR

(a) BUBRMNTRFICIEZFI/ETREORA

1353(!19386@833&91933
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n - aatgiicacticaattacccateleg
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(o) SIOHRBIRBELATI /BEEL£HDABCBIOUIZS-T0y b

A

_'-‘—
LRI

EMNFREMNEREIZLS7 2 JEEROBA (a). SOMRERZRERLAE7
I/EBTRLDABCBIA DI AL 7Oy FEETHER (b).
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§13-1 73 /Ezﬁééo ABCB1 :w?/ m/\—u\uw..iﬁa Ka IEE Vo (X 5)

-

”U7/b ._ o 7 [ﬂﬂn] ' [nmol/mlnln‘:g 51/1\7';‘5]‘
Wild type .m0 1319
CNEIDC R T Cpsizaodze Tl 456 10y )
| NS 0550 & 0148 3103 *+ 465
R 711100 % o078° L 3634°+ 83
Glssv 080102
CUSI0OND T g e ooms e i L
AB93S 0441 = 0042
s a0 x 03 |
MgssV . 0419 = 0062 _ | 2269 + 684

V=lv, EXTIRAFY, EVIVARFY, anNIF iz bEMRaTlmE b OBk
&1 %mﬂ]ﬂ'lﬂ’\%ubmﬂ.n‘?'% TOMEZLY, TROHHFA OMMIZPTIZIBT 5 EHE AT
T LARHIBL Wt 2 0852, —75, ABCBl REEMBELRBLTVT, MEORTF
B, Hﬂlﬁ&@ﬂﬂ%‘ﬂl‘lﬁﬂﬁlﬂalﬁ. TR O ALANIR S OPIER, MomE P (M
1), BRIRERBICRIETS. 2ORENSY— 55, ABCBl 34K o THELWE
DREAZHILLzD, BEehicfaticfi T 2 £ 6B o—oTH 2 —F, HEhoh
B CORR R BERAOBITIC BT EE LB H % 21

ZMBHEMITH TS ABCBl ORKIFRE 2RI T272010, £HLI 06 I TL—
FERGIZRAZ )= FHEERRL LY, £/, SORMABREFAVLIEIZE ST,
MRS P ABCBl # 8RR EED T SO MI LA SO M IZME G % ATPase
EUFFET 525, ABCBl #5HT5 SOMIalE T, HEHMAIMAS & ATPase fEHEIZ
FEZEAAITERENS., BUEREOBITICE, A EHOTRERS S L S mEEY
HEMVT ATPase #EtE%MZ L, Chemical Fragmentation Codes I X % & BWLAT %
To7: (FEHLIEICHK 9 2 208).

KT, TROBEREL0/9 7 (Asn21Asp, AsnddSer, Phel03Leu, Glyl85Val,
Ser400Asn, Ala893Ser, Ala893Thr, Met986Val) #3FfIFRAIZTREICL VIEK L, SO
ReflicfRmsd/: (H1341, €13-23). 2L T, 20BN SMEETS % 55 L
T, HREEHENT (ATPase HEElTE) £4F-o7. TI/EERY LD ABCBIAYT Y b
EHHRE (Ko BB LU Vo) 28473 5354, ABCB1 @ SIOMIILICBIF 2RS4 &
HALERMLTZLENDHS. ABCBl #RELASOMBIELZ 28Ty o s BART
SDS-PAGE TERKE ®#1ToT, YLAF 7oy METIHITF 21T o245 (H13-2b),
BRAREAT o= SOMBILY Y R BREOHBMBESRERIG Y 7 F 1V (L2550 HhiE
LD, REOLFIMEIZRD 6Iu: GHIEXIS 2 28). OSBRI ESWT,
SI9 BRI LT I VEEZER % 50 ABCBL DRI NI NTHTS Ve BEU Kn 1
ZHDIEER, FAVT Y IMET, Voo BL K HIZETREFRDONT (E13-1).
COREVFEYOEPBBRICED L HCHFET 200 EBAT 20101, SRR —4 &
DB DI ALETH 5,

ii) ABCG2 (BCRP) IZ$(t 2 BIEFSEIOEEEMIN

ABCG2 (BCRP) B7 ¥ P44 2 ) YittEosL Sk, I Py v rorfitor
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13-3 ABCG2 OMEFHEE/NUT L FOEE

(a) PE/EBEREHDABCG2ZOEETSE
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A

val —» Met (V12M) G/A

ST (e e
Gln —> Lys (Q141K) C/A

o1 G o e o
Gly —> Gly {G1866)
°F ' (F208S).
Ser —» Pro (52489)
B sigplEastaton),

3116448
¢ s

(b) SO#EMICETANUFY FORE

-— ABCG2

~— SRR
a1t 9H

PR EMIM, €LTE MR cDNA 54 75 ) —hbru—=o 7 Eniefiil ABC
FSUAR—F—ThHD, FHELIE, ROTIJEERPEIEETFEEBIUERER
OB Fe~OREEHE LA, e id Vall2Met, Thr123Tyr, Glnl4lLys, Glalé6Glu,
Phe208Ser, Ser248Pro, Glu33ddstop, ArgdB2Gly, Argd82Thr THha (H13-3a). Zhb
TI/EERZH0/ 7T cDNA % SO REMICER 32T (E13-3b), Wk
4T o7, Vall2Met, Thri23Tyr, Glnl41lys, GIn166Glu, Phe208Ser, Ser248Pro @
VT Y RSB SO MR/ (R Z) BATPICKFLZ PHIA FFLF
¥ MR ER LS (BE13-4). —7, Glu33dstop, Argd82Gly, Argd82Thr @/3Y)
7Y M, AFMLIFY— 2B LEPo. DI Argd82Gly, Argd82Thr @71
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13-5 bk ABC b3 AH—-4—BEFOT—4N=2
(http://www.humanABC.bio.titech.ac.jp, www.humanABC. bio.titech.ac.jp/ABCdemo/ABCAS.html)

TEGMA Tes Y .
3! reting, molinscyte, Liver, colop, fetal heard, telon (carcinoma, eoll lne HCC), placenta, friat
* brain, pineal gland, ovary {humor), exhirys, fttal cochlea, boue, breast, srmall infestine, ooutar

eitlary body, pultiple sclerasts 1
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PRI 2 HRIR~DT 2 LAE KB L, —F, BEMLRTYAE F ABC +5 ¥ A%—
7 —H{ETFO LI (2~5kb) DT 247w, MBRERNLERNNICNAT2EER
TFLEZOREMNLTFHLT, ZOMITEREESLT— 5 ~<—2 (http//wwwhumanABC,
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Multidrug Resistance in Cancer: Genetics of

ABC Transporters

Toshihisa Ishikawa, Tokyo Institute of Technology, Yokohama, fapan

Multidrug resistance in human cancer is the major obstacle to long-term, sustained
response of a patient to chemotherapy. It has been convincingly documented that
several adenasine triphosphate-binding cassette transporters cause multidrug
resistance in cancer cells by actively extruding the clinically administered

chemotherapeutic drugs.

Individual Differences in Drug
Response

In the last decade of the twentieth century, the
development of high-throughput screening and com-
binatorial chemistry technologies accelerated the
process of drug discovery. In the twenty-first century,
emerging genomic technologies (i.e. bioinformatics,
functional genomics and pharmacogenomics) are
shifting the paradigm of drug discovery research and
improving the strategy of medical care for patients.
Identification of human deoxyribonucleic acid (DNA)
sequences, genomic structures and human genetic
variations, along with changes in gene and protein
expression, atlows researchers and clinicians to more
precisely define diseases and, in turn, to achieve the
goal of ‘personalized medicine’.

In order to realize this personalized medicine, it is
critically important to understand the molecular
mechanisms underlying the differences between the
drug responses of individuals, namely pharmacologi-
cal effects versus side-effects. The occurrence of
variations in the drug response of individuals may
involve many different causes, for example genetic
variations and/or expression levels of drug target
molecules including ‘membrane receptors, nuclear
receptors, signal transduction components, enzymes,
etc. as well as those of drug metabolizing enzymes and
drug transporters. Observations of interindividual
variations in responses to different drugs have led to
the development of the fields of pharmacogenetics and
pharmacogenormnics.

Multidrug Resistance in Cancer
Chemotherapy

Cancer is a gene-associated disease involving multiple
causal and developmental factors. Despite enormous

154

efforts made in the development of cancer
chemotherapies, these therapies are often effective
only in a relatively small proportion of cancer patients.
Acquired and intrinsic drug resistance in cancer is the
major obstacle to long-term, sustained response of
patients to chemotherapy. It has long been recognized
that the effectiveness of anticancer drugs can vary
significantly among individual patients. It is obvious
that the susceptibility of cancer cells to particular
anticancer drugs cannot be predicted by a single factor
but is determined by many factors that influence
overall sensitivity. Cancer cells appear to have the
capacity to generate variants resistant to anticancer
drugs as part of their biological response to external
challenges. Tumors, and even individual cancer cells,
can exhibit multiple mechanisms of resistance simul-
tancously. In order to overcome resistance it may be
necessary to achieve a bigh rate of tumor cell kill
before multiple resistance mechanisms can develop,
andfor to develop therapeuntics that simultaneously
tarpet several resistance mechanisms. Two major
factors need to be considered when regarding the
efficacy of particular anticancer drugs:

e local concentrations of drug in biood or tissue can
be influenced by the activities of drug-metabolizing
enzymes, which may activate or inactivate the drug,
and the actions of drug transporters;

o differences in individual drug efficacies may also
reflect the intrinsic susceptibility of cancer cells to
those anticancer drugs.

There is accumulating evidence that active export of
anticancer drugs from cells is one of the major
mechanisms of drug resistance. It has been convine-
ingly documented that several adenosine triphosphate
(ATP)-dependent drug transporters can cause dmg
resistance in cancer cells by actively extruding the
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