clinically administered chemotherapeutic drugs. By
far the best known major drug transporters,
that is, ABCBI (P-glycoprotein or MDRI1), ABCC1
(MRPI), ABCC2 (MRP2, cMOAT) and ABCG2
(BCRP), have been characterized in detail with respect
to their structure and function. These drug transport-
ers belong to the ATP-binding cassette (ABC) trans-
porter gene family.

ATP-binding Cassette Transporter
Genes and Proteins

ABC proteins form one of the largest protein families
encoded in the human genome. More than 48 human
ABC protein genes have been identified and sequenced
(Klein et al., 1999). It has been reported that mutations
of ABC protein genes are causative in several genetic
disorders in humans (Dean et al., 2001). Many human
ABC preteins are involved in membrane transport of
drugs, xenobiotics, endogenous substances or ions,
thereby exhibiting a wide spectrum of biological
functions. Based on the arrangement of molecular
structure components, that is, nucleotide-binding
domains and topologies of transmembrane domains,
hitherto reported human ABC proteins are classified
into seven different subfamilies {A-G). The HUGO
Human Gene Nomenclature Committee has devel-
oped a new system of nomenclature for the human
ABC transporter family. The nomenclature scheme
was implemented in 1999, and detailed information is
available on the HGNC Gene Family Nomenclature
website (see Web Links).

The primary structures of the transmembrane
domains differ significantly among ABC transporters
and have been recognized as the main determinants of
substrate specificity. The ATP-binding cassettes, on
the other hand, share an overall sequence identity of
approximately 30%. They contain three core consen-

sus motifs, known as Walker A, Walker B and:

Signature C (Higgins, 1992; Klein et al., 1999), which
are essential for ATP binding. The high conservation
of the ATP-binding cassettes in the rapidly growing list
of discovered ABC transporters suggests that these
membrane proteins may use similar mechanisms to
execute their transport activities.

ABCB1 (P-glycoprotein/MDR1)

Human P-glycoprotein (multidrug resistance 1,
MDRI) (now ABCBI1) was identified because of its
overexpression in cultured cancer cells associated with
an acquired cross-resistance to multiple anticancer
drugs (Ling, 1997). While P-glycoprotein was initially
thought to play a role in modulating cellular perme-

ability (the ‘P’ stands for permeability) to drugs, it was
later demonstrated to be an ATP-dependent efflux
pump of hydrophobic anticancer drugs including
colchitine, doxorubicin, daunorubicin, vineristine
and VPI16. Historically, P-glycoprotein provided one
of the mechanistic explanations for the phenomenon
of multidrug resistance. The function of human
P-glycoprotein as a mechanism of multidrug resistance
has been extensively investigated (Ambudkar et al.,
1999). It was assumed that P-glycoprotein functions as
a membrane pore to export intracellularly located
substrate. Subsequently, another model was proposed
in which P-glycoprotein translocates a substrate from
the inner leaflet side of the membrane to the outer
leaflet side, thus functioning as a flippase or ‘mem-
brane vacuum cleaner’.

Molecular structure

Mammalian P-glycoproteins are single peptide chain,
integral membrane proteins of an approximate length
of 1280 amino acid residues. The apparent molecular
weights of mature P-glycoproteins range from about
130 to 180 kDa, depending on the species and cell type
in which they are expressed. P-glycoproteins are com-
posed of two homologous halves, each of which
consist of an N-terminal, hydrophobic membrane-
associated domain (approximately 250 amino acid
residues) and a C-terminal, hydrophilic nucleotide-
binding fold (approximately 300 amino acid residues).
The topology of P-glycoproteins is schematically
illustrated in Figure 1. The plasma membrane
associated domains in the two halves of P-glycoprotein

ABCE1
{P-gp/MDR1)

HN

ABCCY (MRP1) and
ABCC2 (MRP2/cMOAT)

ABCG2 (BCRP/MXR1/ABCP)

H;N

Figure 1 Schematic illustration of ABCBI (P-glycoprotein (P-gp)/
MDRI), ABCC] (MRP1), ABCC2 (MRP2/cMOAT} and ABCG?
(BCRP/MXRI1/ABCP).
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each consist of six transmembrane demains, which are
followed by an intracellular ATP-binding cassette.

In order to elucidate the transport' mechanism and
structure of P-glycoproteins, mutational analysis was
carried out using site-directed mutagenesis. A relative-
ly large number of mutations alter the substrate
specificity of the transporter, in particular those in
transmembrane domains 5, 6 and 12. Accordingly,
photoaffinity labeling studies indicated that such
domains are probably of major importance in sub-
strate binding.

Gene structure

Human P-glycoproteins are encoded by two genes
ATP-binding cassette, sub-family B (MDR/TAP), member
1 {ABCBI) (formerly known as both MDRI and PGYI)
and ATP-binding cassette, sub-family B (MDR/TAP),
member 4 (ABCB4) (formerly MDR2, MDR3 and PGY3)
adjacently located at chromosomal region 7q2l1.
ABCBI encodes a drug transporter directly associated
with multidrug resistance to cancer drugs, whereas
ABCB4 encodes the flippase translocating phopholi-
pids. Three genes are present in rodents: Abchla,
Abcblb and Abcb4. In the mouse, the genes are
clustered on chromosome 5 whereas they are located
at chromosomal region 4q11—12 in the rat. In rodents,
both Abcbla and Abcblb functionally correspond to
ABCB! in humans. '

Transcription of the ABCBI gene appears to be
regulated by multiple factors. For example, the
proximal promoter region bas a GC-rich region, at
approximately --100 to —120 base pairs (bp) from the
transcriptional start codon, which contains a site
responsible for the repression of transcription. Also,
basal transcription appears to involve a consensus site
that binds NF-Y transcription factors at a Y box
(inverted CCAAT box) between ~70 and —80bp. In
addition, a binding site for SP-1 and members of the
early growth response (EGR) family of transcriptional
factors is present that overlaps with the NF-Y
consensus site. A 13 bp region around the initiation
site involved in accurate initiation of the transcription
has also been identified. ABCB1 is expressed at a high
frequency in tumor cells and both v-H-Ras and mutant
forms of p53 have been shown to activate the ABCBI
promoter. On the other hand, MYC and MYCN
expression is apparently inversely correlated with
ABCBI expression. In addition to such transcriptional
regulation, the stability of messenger ribonucleic acid
(mRNA) and posttranslational regulation are also
considered important in the regulation of ABCBI
expression,

ABCB1 in normal tissues

It is important to know that ABCB?1 is expressed not
only in cancer cells but also in many normal tissues.
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For example, it is located in the apical domain of the
enterocytes of the gastrointestinal tract (jejunum and

ducdenum) and limits the uptake and absorption of
drugs and other substrates from the intestine into the

systemic circulation by excreting substrates into the

gastrointestinal tract, Likewise, the expression of
ABCB1 on the. lumenal membrane of capillary

endothelial cells of the brain restricts drug distribution

into the central nervous system. This function appears

to be very important in protecting the central nervous

system from the attack of toxic compounds. Evidence

for the protective role of ABCB1 in the blood-brain

barrier has been demonstrated in several studies using

Abcbla knockout mice (Schinkel et al,, 1994). A

similar protective role to limit the distribution of
potentially toxic xenobiotics into tissues was suggested

for ABCBI expressed in the placenta and the testis.

ABCBI expressed in the canalicular domain of the

hepatgcyte and the brush border of the proximal renal
tubule plays a role in the biliary and urinary excretion

of xenobiotics and endogenous compounds.

ABCC1 (MRP1) and ABCC2 (MRP2/cMOAT)

The ‘ABCC gene family comprises the members of
multidrug resistance-associated proteins (MRP), sul-
fonylurea receptors (SUR) and cystic fibrosis trans-
membrane conductance regulator (CFTR) (Figure 2).
Human ABCCI1 (formerly known as MRP1) was first
identified by Cole er al. (1992) in molecular cloning
from human multidrug resistant lung cancer cells.
Subsequently, rat Abcc2 characterized as the canalic-
ular multispecific organic anion transporter ((MOAT)
was cloned from rat liver complementary DNA

(cDNA) libraries. The ATP-binding cassette, sub-family

C (CFTR/MRP), member 1 (ABCCI1) gene (formerly
known as MRPI) is expressed almost universally in
many different organs and cell types, whereas the
expression of ATP-binding cassette, sub-family C
(CFTR/MRP), member 2 (ABCC2) (formerly MRP2) is
restricted to liver, kidney and gut. Molecular cloning
studies further identified seven members in the human
ABCC gene subfamily and two related members (i.e.
ABCCI11 and ABCC12) (Figure 2). These latter two

genes exhibit different patterns of organ-dependent
expression,

Gene structure

The human ABCC! gene is located on chromosome
16p13.1 and spans at least 200kb, consisting of 31
exons. ABCCI encodes a 1331 amino acid protein
which has a molecuiar weight of 190 kDa in its mature
glycosylated form. In the promoter regigg_ of the
ABCC] gene there are a number of putative transcrip-
tion factor motifs, such as the activator proteins AP1
and AP2 (Spl), glucocorticoid response elements
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ABCCSB (SURT)

ABCC3 (MRP3)

ABCCT (MRPT)

ABCC9 (SUR2)

ABCC10 (MRP7)

ABCCY (CFTR)

ABCCS (MRPS)

ABCC2 (MRP2})

ABCC4 (MRP4)

ABCC5 (MRPS)

Figure 2 Phylogenetic tree of ABCC subfamily members,

(GREs) and estrogen response elements (EREs) and
cAMP response elements (CREs). At least in tumor
cells, it is suggested that the loss of wild-type p353
function and/or an increase in Sp1 activity upregulates
ABCC1.

Human ABCC2 is a 1545 amino acid protein whose
exon gene is located in chromosomal region 10g23-24.
Although there is limited sequence similarity between
ABCC! and ABCC2 (49%), the primary structure and
membrane topology of the two proteins are similar
{Figure 1). In addition, the two transporters also have
similar substrate characteristics.

Biological function

Both ABCC1 and ABCC2 transport a wide range of
organic anions, including glutathione disulfide
(GS5G), glutathione-metal complexes, glutathione
conjugates and glucuronate and sulfate conjugates.
These findings are consistent with the idea that
ABCC1 and ABCC2 play a role in the GS-X pump
in the phase II system of xenobiotic metabolism
(Ishikawa, 1992). Leukotriene C;, a potent proinflam-
matory mediator, is an important endogenous sub-
strate for both ABCCI and ABCC2. Mice carrying a
homologous deletion (knockout) of the Abccl gene
exhibit an impaired response to inflammatory stimuli.
In the knockout mice, transport of leukotriene Cq4
from inflammatory cells (e.g. eosinophils and mast
cells) is significantly reduced. In Abcc2 mutant rats,
such as GY, TR~ or EHBR, hepatobiliary transport of
cysteinyl leukotrines is defective. In humans, muta-
tions of the ABCC2 gene are causative for Dubin—
Johnson syndrome, an autosomal recessive benign
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ABCC11

disorder with hyperbilirubinemia. In Dubin—Johnson
patients, the liver tissue has a characteristically dark
color due to accumulation of lysozomal pigments.

ABCC1 in cancer cells

Elevated expression of ABCC1 mRNA and/or protein .
levels has been observed in many multidrug-resistant
cancer cells. Transfection of ABCCl c¢DNA in
cultured cells resulted in enhanced resistance to many
cytotoxic agents including doxorubicin, vincristine
and VP-16, ATP-dependent transport of these anti-
cancer drugs can be enhanced by the presence of
glutathione (GSH) in membrane vesicles prepared
from ABCCl-overexpressing cells, suggesting that
ABCCI1 cotransports anticancer drugs and GSH.
Supporting this idea, it has been reported that
depletion of intracellular GSH by buthionine sulfoxi-
mine (BSO), a specific inhibitor of y-glutamylcysteine
synthetase (y-GCS), resulted in a complete reversal of
drug resistance in ABCCl1 cDNA-transfected lung
carcinoma cells. Based on the results, three different
modes could be proposed foi~ABCCl-mediated
transport of drugs and endobiotics (Figure 3), namely,
transport of GSH conjugates, cotransport of drugs
and GSH and transport of multivalent organic anions.
These transport modes give a wide spectrum of
substrate specificity of ABCCL.

Patients with colorectal cancers frequently overex-
press ABCC1 and y-GCS, a rate-limiting enzyme of
GSH biosynthesis, as compared with the surrounding
normal tissue. The frequency of ABCCI expression in
carcinoma was higher than that in adenoma
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Glutathione conjugates  Organic anions

Drug+GsH

| ADe, Pl ATP |

GS-DNP BSP N
GS-Aflatoxin B1| | Methotrexate Doxorubicin + GSH
1 G5-PGA, Folate Vincristine + GSH
LTC, Glucuronide
GSSG conjugates
Sulfate conjugates
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Figure 3 Three different modes in ABCCl-mediated transport

of xeno- and endabiotics: {a) transport of GSH conjugates;

(b) transpart of multivalent organic anions; (c) cotransport of
drugs with GSH. GSH: glutathione; GS-DNP: dinitrophenyl-S-
glutathione conjugate; PGA,: prostaglandin A; LTC;: leukotriene
Cy4; GSSG: glutathione disuifide; BSP: bromosulfophthalein; ATP:
adenosine triphosphate; ADP: adenosine diphosphate; Pi: inorganic
phosphate.

(P < 0.0001). The ABCC! upregulation and the p53
status were significantly correlated.

From a public health perspective, colorectal cancer
is one of the most prevalent and lethal malignant
diseases. This tumor type progresses through easily
recognizable stages ranging from small polyps (ade-
nomas) to frank malignancy (carcinomas). Genetic
defects associated with many steps during this process
have been identified, including mutations in APC,
MSH, MLH, DCC and p53 loci. While the identifica-
tion of these genetic abnormalities represents an
important milestone in understanding the genetic
basts of colorectal carcinogenesis, and has provided a
paradigm for investigation of other human neoplasms,
it remains unclear as to how drug resistance evolves
during multistep tumorigenesis. Because drug resi-
stance is the major factor controlling the efficacy of
chemotherapy in cancer treatment, a better under-
standing of how different drug resistance genes are
regulated in different tumor systems is of great
importance for the development of effective strategies
to circumvent drug resistance in cancer chemotherapy.

ABCG2 (BCRP/MXR1/ABCP)

A novel ABC transporter, breast cancer resistant
protein (BCRP), has recently been discovered in
doxorubicin-resistant breast cancer cells. Since the
same transporter has also been found in the human
placenta as well as in drug-resistant cancer cells
selected in mitoxantrone, the transporter was also
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called ABCP or MXRIL. In comparison with the
molecular structures of ABCBI and ABCCI, this
new ABC transporter is a so-called ‘*half-transporter’
bearing six transmembrane domains and one ABC
(Figure 1). This ABC transporter protein is now called
ABCG2 and has been classified in the G-subfamity of
human ABC transporter genes. In the same subfamily,
ABCG1, ABCGS and ABCGS have been reported to
be critically involved in the regulation of lipid-
and sterol-traffiking mechanisms In macrophages,
hepatocytes and intestinal mucosa cells (Schmitz ez al.,
2001).

Gene structure

The ATP-binding cassette, sub-family G-(WHITE),
member 2 (ABCG2) gene is located on chromosome
4q22 and spans over 66kb, consisting of 16 exons and
15 introns (Bailey-Dell er al., 2001). ABCG2 is
transcribed by a TATA-less promoter with several
Sp1 sites, which are downstream from a putative CpG
island. The sequence 312 bp directly upsiream from the
ABCG2 tramscriptional start site conferred basal
promoter activity.

ABCG2 in cancer

ABCG2 is amplified or involved in chromosomal
translocations in cancer cell lines selected with
mitoxantrone, topotecan or doxorubicin treatment,
and AGCG2 was shown to confer resistance to
anticancer drugs. Overexpression of ABCG?2 is related
to resistance of cancer cells to camptothecin-based
anticancer drugs, such as topotecan and 7-ethyl-10-
hydroxycamptothecin (SN-38: active metabolite of
irinotecan). SN-38-selected PC-6/SN2-5H human
lung carcinoma cells were shown to overexpress
ABCG?2 with the reduced intracellular accumulation
of SN-38 and its glucuronide metabolite. Plasma
membrane vesicles prepared from those cells
transported both SN-38 and SN~38-glucuronidegin
an ATP-dependent manner, suggesting that ABCG2 is

involved in the active extrusion of SN-38 and its

metabolite from cancer cells,

It is suspected that ABCG2 functions as either a
homodimer or a& heterodimer. Current evidence
indicates that at least one of the active forms of -
ABCG2 is a homodimer, although heterodimeric
forms with a hitherto unknown transporter partner,
or splice variant/mutant of ABCG2, are possible, and
may determine the drug resistance phenotype.

ABCG2 in normal tissues

ABCG?2 is expressed not only in cancer cells, but also
endogenously in placental trophoblast cells, the
epithelium of the small intestine and liver canalicular
membrane, as well as in ducts and lobules of the
breast. In particular, the high expression of ABCG2 in
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trophoblast cells suggests that the pump is responsible
either for transporting compounds into the fetal blood
supply or removing toxic metabolites. The apical
localization in the epithelium of the small intestine
and colon indicates a possible role for ABCG2 in the
regulation of the uptake of orally administered drugs.
Furthermore, it has most recently been reported that
ABCG?2 is expressed in a wide variety of stem cells, and
a potential role has been suggested for it in the
regulation of hematopoietic development (see below).
To date, however, endogenous substrates of ABCG2
have not been identified.

New Aspects

ABC transporters in stem cells

Hematopoietic stem cells can be purified based on the
efflux of fluorescent dyes such as rhodamine 123 and
Hoechst 33342. Expression of Abcg2, a murine
ortholog of human ABCG?2, is a conserved feature of
murine stem cells from different sources, for example
the bone marrow, skeletal muscle and embryonic stem
cells. Abcg2 mRINA is expressed at high levels in
primitive murine hematopoietic stem cells, and is
sharply downregulated with differentiation. Enforced
expression of the ABCG2 cDNA directly conferred the
side population phenotype to bone marrow cells. At
the present time (late 2002), however, the physiclogical
function of ABCG2 and other ABC transporters
expressed in stem cells is not well characterized.

Gene therapy to protect bone marrow cells

Another active area of investigation with regard to
altering ABCB1 (P-glycoprotein) function is gene
therapy, that is, the delivery of cDNA encoding
ABCBI into specific cells and tissues, such as bone
marrow and other drug-sensitive sites, to protect them
against the toxic effects of cancer chemotherapy. The
feasibility of this concept has been demonstrated in
transgenic mice and gene transfer experiments, and
clinical trials to test the hypothesis in humans are
ongoing.

Genetic polymorphism of ABC transporters

Several preclinical reports have already noted natu-
rally occurring polymorphisms in ABCB1 and their
effects on drug absorption, distribution and elimina-
tion, although the clinical relevance of these and other
drug transporter polymorphisms has not yet been fully
elucidated. Recently, evidence has been provided for
multiple polymorphisms in the ABCBI gene. One of
those mutations in particular, a C-to-T variant in exon
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26 of the ABCBI gene, was significantly correlated with
ABCBI1 expression and function; as a result, individ-
uals homozygous for the polymorphism expressed
significantly less duodenal ABCBI and significantly
more plasma digoxin. It is inferred that this polymor-
phism might affect the absorption and tissue
concentrations of numerous other substrates of
ABCBI. Genetic polymorphisms of human ABC
transporters are being studied in several laboratories
worldwide. In the near future, the discovery and
characterization of ABC transporter gene polymor-
phisms may lead to a diagnostic test for discriminating
between different allcles and better strategies for
designing molecules of new anticancer drugs.

See also :
ATP-Binding Cassette (ABC) Transporter Supergene Family:
Genetics and Evolution
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MEREEIIT b3 b7 v AR—F —IERBEYR Y TREL b0, ERPCTEMCETE Y,
SYSEEME Y TAER L0, RRHMNCHET2 My s I —Tx—Ay LERENT
w5, MERNEFIOSEENE S pc k3 icoh, ENOMBTHECHEYT 2 0FNER, STORRE
BOUEC L - TROEMEERFAGT 3 v THANTFE, v o, MEMDEREMED "7
VA R—F —BOSTE - BRI U ARBITEN, 20T L) SENEIENERT 5
BEERERE L k37, L LAMCROBALFRT 3 08ES5H 3,

1. BRUSmEmE

ok, GHASEEER Y OBEEEAMR, £/ AARVERRR R AL ClBEiBr R ERT 5.
T ANEVYEHBFI VAR —F—-MCT7 7 § Y —@ P b MCT1 (SLCI6AL) 38 & (F MCT2
(SLC16A2) %%, [MEMMENEEEC bEEL, BBttaplsggo—HeH-TnD, €
JANEVEERERICOVLT > S OREAACERSEWwELITER LSS, —EFO HMG-CoA
BT, ) FAREDALT O YT/ AR VERCSYRROL I VAR - —
BALTHARINYAENS. —F, INsE/ ALHEPEREEHOPERT =4 AECEDPEH
SR L o TIER I RAE S TOATERLRENTED, VRS, FHHRH P Y AR—
5 - OB DWT bSROMIESFLND,

2. IEREIMER

T, ERAET 2 AOETMS 5 IHIEEO TR L EYSTFOIEER L OB 2
IEERT Y 2 BEERE, o vAf—-s 2857 2 ESREFTEASH 528, TORMRLE
LEERTH 2. BEBHEOFeTS /- Fi4 OSB3 Bk L ittt
EERATREEROBESRR SR TYS, TV YPH-FYITZAMDALI I Y2ED
S AR—F =ML THACHETT S,

3. PE/E - RTFREZE

MR i i A D AEES & A T B R E SN X » TARE N LI 0L OT I /R
b5 YAR—F —DFEL, BUEMOMABTCLEVNTWS, r LdPHET7 S /B AKX
—p—it, N—F VY UIREHEEDL-DOPADI D AACHELTWS, &7, RS VAR—T
—RMAADI Y RAAZT T <, IR FE LS 5 OFREC i S bHG S AT 5.
EHL, ERATREEOAAEINESGATEZ{SBOFBETHS, 77 FHEIDLTR, T
V7Y v PR LERONTFF I AR—F — (PTS) BSPETHEHILHNTE, 4
Y PSRRI NTF F R T AF—F —~ PEPT1 (SICI15A1) 3 L UPPEPT2 (SLC15A2) 3B
HETRREASELNRVNI s, BEEOFESRENL NI FARED N7 Y AR—F —
e, MEREFT<TFF I YAR—F—-RB7 2 /BOBSLRLY, dRONHRNOL I
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Bbhz3,

8.5 FRICHITIEMNS Y AR—5—

EMOBHPFLRER i, O N> sFEREARA~NDRDAAR, @ MRAOENTLEES
S UEOREMOBERD 5 R UERA~ORIT, @ BEED 5B P~OREIMZ YL L O
PEELD, BFELEY, INSOEECMLIEM I 7 VAR —HOMUEF I/ v—= v T
Hoh, FTFVRAVTEORHZROEENASh L L ok, FFREMIEOMEHIC i Nat KEEO
BR7 =AY YAR—F - LTBEHEBCFREMEV NTCP b V) B8R T 5 NPT SR
T5 Nt FEATEHOERT AV S VAR —F —ELTOATP 77 2V —, 5 v b Ti2 oarpl
(slc21a1), oarp2 (slca21a3), oatpd (sle21a10), b h Tt OATP-C/IST1/OATP2(SLC21AS) & OAT 7
7 &) —, OAT1 {(SLC22AG), OAT2 (SLC22A7) ML TV S, ARAF I VS AR —F —
LT OCT1 (SLC22A1) & OCTN1 (SLC22A4) OFEEMBHZ (H8.3). ZhE6DFFwAM—F—
HOEPOFET —4 Y HEPHEL 74 Y EDHEOOTET» 6 EERIEA~OR DA A T HEE
=

FRERERC ST 2 EYREOBEELBETHS, AR A-LHKEEDR, B1ENER
(phase I) RBWTF P ODAPB0RT S/ 35 F—¥ i L BB EET, $n
HEREER (phase I) TN FFX v, N7 oVE, FRELOBEES:®2Y, VBRI OB LS
WrZEgEn s, ) LT TELEEEE, Mt EfL Tiligd~Eeriucfitahns, 881
BIDMIS~ORETHEE I, phase I RDOEWHIELMFET 25 2 THRLEETH D, 0D
TSt 5 L TR 8 1) 250 I AEAR R Fphase U1 W HEH LTS E F OERME S
1992 RS A, TOEEFRMWELBEFRETETOT T6S-X R 7, rahdni, £
D, MRP1 (ABCC1) % MRP2/cMOAT (ABCC2) 2 YN GS-X K> 7FOIERTH 2 I L HBI5 5
2o, R 5w T ik MRP2/eMOAT (ABCC?) P ELTEEL TWT, MRP1 (ABCC1) O
RREBZE EA LTV, MRPZ/CMOAT (ABCC2) 7N & FA4 88KV ovBiagdgay
phase IL{{HMEBEHPIZEEBFWT 2PH 7 A H—F — (phase I} & L THEET S, 551z,

# 8.3 MRP2/cMOAT (ABCC2) MEHIEEM

= H AR um) (prmol/min/mg)
asapJxrC, 0.05 55
[ e B Y B s 0 B 0.05 15
a43akF)TE, 0.05 8
N-TPEFROCMAM)ITE, 0.05 3
CotR7IZNINEFL 0.20 25
BRI F A 0.20 <0.5
BRI N FFH 100 230
174-FR7OVBXZ 50— 0.20 3
EUNE-E/ 020 BiEsH% . 0.5 5
EYNLEr-ERJTOsovBeat 0.5 3
=8 8 1.4
XE kx| 5 1.5
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FSERER Y RN T 4 7§ L4 >, HintASE CPT-1 BLUZ OB SN-38, F7/5R7F Frd
B, ¥/ UVERREE, -7 75 AMEREOBNRYREY V77 Y AR BHET S I LD
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RERENEEE Y VEEE (RA7 7 F A0 YY) EEHREHT 5, KE»SETAOD ViR
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%2, L7dio>T MDR2 (ABCB4) & SPGP/BSEP (ABCBL1) OF b7 ¥ AR —¥ — S FFIE D IR E R
iR BLTHIARCEBET 2 LENH Y, EHorsSRELEC(RD LIEHAWEFLEVERS
4. F{Z#k MDR2 (ABCB4) %7z ik SPGP/BSEP (ABCBI1} HEEABLLRENBD, TR
SEEEYERH > o B (progressive familial incrahepacic cholesrasis) 3 Bl -2 2 R EIETR D,

—75, RO S REIC i MRP3 (ABCC3) BRERLTWT, EYpEY-IrrT vEHa A&
&E%m¢EmMT6.ﬁ%TM,EUwa=7w7nymméquEMMMﬁﬁ?aMwu
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(ABCC2) OEEEHEELRD, EHSBMFLESEEEEITE, MR (ABCC3) MY AL -
Lruvilasks PREmEOTCHRLT, MFEYAMEVRBREFERT S, £ b MRPS
(ABCC3) ORBIFEO R, ET, Wi, B Bobiosha,

8.6 BRICHSIDEMNIVAR—T—

SEIFIRE R SATENZ V75 YR PR K E(BST2RETHD, B oLy
FERUEELIA 2 T SR E S A A vk Y EALFAREOBERME L HIT, FmED S DEMBIVE
ORI ¥ ORI E A L TAREE O L AR EF o TH Y, BRI AREE
FETRS TR RDEE LI VAR—I—OFETDHS. R b DA wiaRE,
8 3Rt LS, FAEE Ao nEMEAEES X CEBRRRTRE LCRELTY LHET
S VEERBLUBEY F I VEEROBRER Y P72 Lo TTDRS,

-7 = JEIEE (PAH) RARSNBHERT =4 AELEY ¥ D & RHE LR Y At
BETHAIAR R OEERS < S SN T vizdt, 1997 i PAH O A EE ST E LTRAI O —
=y ofﬁ%“f A Y b5 vAR—F — OAT1 (SLC22A6) HSEIRES Nz, FRiME b R
RER BT 3 OATI (SLC22A6) I, #RIKNT TCA ¥4 7 VOFEREM L LT&ELBEY AR
AR L ORISR X D, MEROERT =4 Y ERAED AL, OAT1 {SLC22A6) X PAH O
i, M FEMEOR WS DT =4 LEORY - BMEER {Eas - Wikt B, BMEE T OAT
77 % J— ¥ LT OAT1 (SLC22A6), OAT2 (SLCZZA.'I), OAT3 (SLC22A8), QAT4 (SLC22A11) 43
RERShTwad, OATL k 42% 07 3/ EARIKEERT 0AT2 b RAE EEERRHERICAERL
OAT1 (SLC2246) kR SR HEEBT =4 L HA&WERHL, n&» ST HIET 5. T
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v PR LRI T BB, Na SRR =4 L T AR -2 — (OATP) &, =h
LD E/HARE R T TOAT-KINFELTVS, aap7 7 3 ) — 42 1 3] 7 oarpl
(slc21a1), oarp2 (slc21a5), oatpd (slc21a6) MEE X, L, TEOELHE { OEBERELTL
DAL, OAT-K1 (de21ad) BB OISR HRT 5, B3, OAT-K1 (sle21ad) * 91% o)
7 3/ EEGERRT OAT-K2 (de21as) #35 v FBEIC L D BEES Nz, oap i3OI EY o
FUUERRT LA REETIEEE L Tw20rH L, OAT-KI (slk21ad) OEEIEE
énrso;ﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁxPLV$&—r%%ﬁTa.ﬂﬁ,ﬁm%L&HEM%&ﬁt
BAET B Na* f(TPRYY YEe b 5 A5 — NPT1 (SLC17A1) 23PAH OB §-5 7 & ALEDH
BELCDERT A Y EURT 5 LIS vk,

ERAVE B BAIIR i T = 4 MR £ ISEERIT I L e s 4 R BT B,
1994 BB L HFENDFEHEAF A > b5 2 A H—2 — OCT1 (SLC22A1) HEFEFEZ 0 — =
Z&N, HWTOCTL (SLC22A1) L 67% OF I/ BRI 257 F OCT2 (SLC22A2) #SEE S M,
OCT1 (SLC22A1) HSHERE BEUCHKBIL Tna 01z U, OCT2 (SLC2242) W EELIC S Riyic 18
5 WINLEBEIRMRHER ECREL, FFIXTFALTYEZOA (TEA) mREIRE
F{ORYAF AV ERBL, MBEH» & METWCHRT 2. OCT1 (SLC22A1) 5 X FOCT2
(SLC22A2) k#9305 DT I VEMBREIME R RIEMRA F4 1+ T 2 XA H—F — OCTN1 (SLC2244) 2%
Htah, BEAFA VL H TBEET 2 D ESREZANTVw 2, ZIHERD B L OEFEEFTS
NTENBRAFA VTV FR—F—THIOEIDLRBS LTI, OCTNI (SLC2244) & 90%
DT L/ BARRAYE 2R OCTN2 (SLC2245) REIFEEFICBELTRPOI A =F 2 % Na* R
ERMAELCGHARACHERRT 2 F 5 VAR5 —TH o8, HMEAOEEY F4 > % Na* 35
FEOCRACHH T 2 ®EIH VBT 3, OCIN 77 3 ) ~ MBS ELE L SR T 3 05EETH
b, — A, RHRBEBINLYBIV P IRIF R -5 2 7 AHEMEO—LEI, R4S F R
REIFG&ECRRT 2/ VST F F b5 A — 5 — PEPTL (SLC15A1) # } Uf PEPT2
(SLC15A2} # AL CHIlERICERIR A 15,

FRUCBWTPHENR (ABCB1) & MRP2/cMOAT (ABCC?) IHFH#I% b BRI FSE F iz
£ L, MRP2/cMOAT (ABCC2) REIBEHEBELTYWS, TAORERR L OPEENE
(ABCB1) X MRP2/cMOAT (ABCC2) i3 EEMIREAIH & B HhADORWEN & ARG EAs hie
EPIRMORME E AR~ OFRITEHIHIL, MRP2/cMOAT (ABCC2) IXRIETIES 5 ERIY
SHLEMOMBEPADOFHER > T L LHEFINE, LeLids, Bisid3 2 ABC
P 7Y AR-S~HOERNS L UEYBEENENIC oW T RTBLEEL S, SEOFNEEEL
BaThs,

8.7 ABC bS2RAR—-5—DZ4E

PHIEEE (ABCB1) % MRP2/cMOAT (ABCC2) 13 ABC (ATP-binding cassette} b5 v A H— ¥
—A=N=T 7 IV -RET S, ABC P AR RBIES | RSN (BT SREF —
7 (Walker A & Walker B) 3 & U'ATP #5858 (ABC) PHMALBEEER (TM) b5, %
1z, ABCERAOS (A ATP RIFFELLARNYE (14 488) PEYE 2 0RIMOSE



