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Abstract

Gene expression can be regulated by nuclear factors at the
transcriptional level. Many such factors regulate MDR?
gena expression, but what are the sequence efements and
transcription factors that control the basal and inducible
expression of this gene? The general principles through
which transcription factors participate in drug resistance
are now beginning to be understood. Here, we review the
factors involved in the transcriptional regulation of the
MDR1T gene. In particular, we focus on the transcription
factor Y-box binding protein 1 and discuss the possible
links between Y-box binding protein 1 expression and drug
resistance in cancer, which are mediated by the trans-
membrane P-glycoprotein or non-P-glycoprotein. [Mol
Cancer Ther 2004:3{11):1485-92]

Introduction

Drug export from cells is mediated through a group of
proteins belonging to the ATP binding cassette family of
transporters. The 170-kDa transmembrane protein P-glyco-
protein (PGP), which is encoded by the multidrug
resistance 1 (MDR1) gene, is a representative example of
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an ATP binding cassette transporter. PGP consists of two
membrane-spanning domains and two nucleotide binding
domains and has been reported to affect the pharmacoki-
netics of drugs by limiting the rate at which they are absorbed
(1-5). Various molecules are targeted by drug treatments for
cancer; however, PGP expression is responsible for resistance
to the widest range of anticancer drugs (6, 7).

The expression of MOR1/PGP in human malignant
cancers is expected to play a critical role in limiting their
sensitivity to anticancer agents. Therefore, the determina-
tion of MDRI gene expression levels, along with studies of
the regulatory mechanisms of this gene, will be useful in
developing tailor-made therapeutic strategies for cancer
patients.

The partial sequence of the human MDR1 gene was first
reported in the 1980s (8), and its complete sequence,
including clustered CpG sites that are not associated with a
TATA box, is now known (9). Within the MDRI promoter
sequence, a GC box forming a Spl site and an inverted
CCAAT (ATTGG) site for Y-box binding protein 1 (YB-1) or
nuclear factor Y {NF-Y) binding both play key roles in
MDRI gene expression (10),

MDR1 gene expression is often observed in recurrent
cancers and appears after the chemotherapeutic treatment
of various human malignancies. In cultured human cancer
cells, the MDR1 promoter was activated by both PGP
targeting drugs (vincristine and doxorubicin) and non-
PGP-targeting drugs (5-fluorouracil and etoposide; ref. 11}.
In addition, treatment with retinoic acids and other
differentiating agents resulted in enhanced expression of
the MDR1 gene product PGP (12). Expression of the MDRI
gene was also up-regulated by heat shock, arsenate, and
serum starvation in cultured human cancer cells (13-16).
Consistent with these findings, MDR1 gene expression
was markedly induced by anticancer agents (17); the gene
promoter was also activated in response to both anticancer
agents and UV light (18, 19). These results show that MDR1
gene expression is highly susceptible to various environ-
mental stimuli {Table 1) and might therefore be stress
responsive (11).

This review focuses on the molecular mechanism of the
transcriptional regulation of human MDRI/PGP and the
role of YB-1 expression in the acquisition of drug resistance.

Transcriptional Regulation of the Human
MDR1 Gene

Many studies have shown the involvement of various cis-
acting elements in MDRI gene expression, suggesting
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Table 1. Transcriptional regulation of the MDRT gene in human
cell lines
Transcription factor Inducers References
NF-Y None (40}
Sodium butylate {43}
Trichostatin A (42)
Spl None (45}
YB-1 UV light (30, 32)
Anticancer agents (31
Nuclear factor-intezleukin-6 Phorbol ester (52, 78)
EGR1 Phorbol ester (45, 46)
HSF1 Heat shock (15, 55)
20-kDa protein Serum starvation (16)
Transcription factor None (56}
4/B-catenin
Human T-cell lymphotrophic ~ Virus infection (79}
virus-1 Tax
SXR ' Digoxin (80}
MDR1 promoter-enhancing None {59, 60)
factor 1/RNA helicase A
Nuclear factor-xB Dauromycin (58)
p53 None (49-51)

pleiotropic mechanisms (10). As shown in Table 1, several
transcription factors are expected to play critical roles in
the basal expression of the MDRI promoter in addition to
stimulus-induced activation.

¥Y-Box Binding Protein1

Many reports on the factors associated with drug
resistance have shown a plausible association of YB-1 with
drug resistance both in cultured cancer cells and in
numerous clinical human tumor samples.

YB-1 is a member of the cold shock domain (CSD) protein
family, which is found in the cytoplasm and nucleus
of mammalian cells. It has pleiotropic functions in the
regulation of gene transcription and translation, DNA
repair, drug resistance, and cellular responses to environ-
mental stimuli (20-22). The structures of YB-1 and two
other members of the CSD family, hdbpA (23} and
Contrin/hdbpC (24), are presented in Fig. 1A, The YB-1
gene, which is located on chromosome 1p34 (25, 26),
contains eight exons spanning 19 kb of genomic DNA
{Fig. 1B). The 1.5-kb mRNA encodes a 43-kDa protein
comprising three domains: a variable NHg-terminal tail
domain (A/P domain), a highly conserved nucleic acid
binding CSD, and a COOH-terminal tail domain (B/A
repeat; refs. 27-29), The A/P domain (amino acids 1-51)
seems to be involved in transcriptional regulation,
whereas the CSD domain and part of the B/A repeat
(amino acids 51-205) function in binding the Y-box
(inverted CCAAT box) or double-stranded DINA. Most
of the COOH-terminal region of the B/A repeat domain
(amino acids 129-324) is thought to bind ssDNA or RNA,
and part of this region (amino acids 129-205) is involved
in dimerization.

We identified YB-1 as a transcription factor that binds to
the inverted CCAAT box of the MDRI promoter (30).

Decreased expression of YB-1, resulting from the introduc-
tion of YB-1 antisense expression constructs into cancer
cells, markedly reduced the activation of the MDRI gene
by DNA-damaging agents (31).

YB-1 is normally present in the cytoplasm, although it
is translocated to the nucleus when cells are exposed to
anticancer agents, hyperthermia, or UV light irradiation
(19, 32, 33). YB-1 is often overexpressed in malignant cells
and its expression is regulated by both the proto-oncogene
preduct c-Myc and the tumor suppression gene product
P73 (25, 34). The COOH-terminal tail domain seems to play
a key role in the localization of YB-1 to either the cytoplasm
or the nucleus (32). Studies have shown that cell cycle-
specific nuclear translocation is mediated by cooperation of
the CSD and COOH-terminal tail domain (35) and that the
nuclear translocation of YB-1 requires wild-type p53 (36).
The introduction of antisense RNA into human cancer cell
lines,'® and the targeted disruption of one Y-box allele in
chicken DT40 cells (37) both inhibited growth. By contrast,
the targeted disruption of one allele of the YB-1 gene in
mouse E5-1 cells had no effect on the growth rate (38).

Nuclear Factor Y

The CCAAT box is among the most ubiquitous DNA
elements in both forward and reverse orientation. NE-Y is
the major transcription factor recognizing the CCAAT box
(39). This heteromeric protein is composed of three subunits,
NE-YA, NF-YB, and NF-YC, all of which are necessary for
DNA binding (Fig. 1A). Mutation and/or deletion of the
CCAAT box have been shown to result in a significant loss
of MDR1I promoter activity (40). It has been reported that
both the inverted CCAAT box and the GC box are required
for activation of the MDRI promoter by UV light, and NF-
Y, not YB-1, is thought to be the factor regulating the MDR1
gene (41). However, these findings are not consistent with
the results discussed above, The YB-1 protein is abundant
and localized in the cytoplasm; however, when the effect of
YB-1 overexpression on MDRI promoter activity was
evaluated in human cancer KB cells, it was unclear whether
the nuclear YB-1 content was increased. As YB-1is known to
repress translation, increased levels of cytoplasmic YB-1
might inhibit the translation of luciferase mRNA. Further
studies are required to resglve this issue. Treatment with a
histone deacetylase inhibitor ({trichostatin) induced a
marked increase in the amount of MDRI mRINA, although
this drug-induced increase was inhibited in dominant-
negative NF-Y mutants (42}, NF-Y therefore seems to
regulate MDRI gene expression through an interaction
with p300/CBP-associated factor, which shows histone
acetylation activity. NF-Y might also be responsible for the
sodium butyrate~induced MDR1 gene up-regulation in
colon cancer cells (43). This transcription factor therefore
plays a pivotal role in MDRI gene expression. Recently, the
antitumor agent HMN-176, which interacts with NF-YB, has
been shown to inhibit MDR1 gene expression and to restore
chemosensitivity to MDR cells (44),

' K., Kohno and M, Kuwano, unpublished data,
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Figure 1. A, protein structure and functional domains of hdbpB/YB-1, hdbpA, hdbpC, NF-YA, NF-YB, and NE-YC. A/, alanine and proline domain,
rasidues 1-82, 1-50, and 1-85 in hdbpA, hdbpB/YB-1, and Contrin/hdbpC, respectively, £5D, residues 83-161, 51-129, and B6-164. B/A repoat, basic

and acidic amine acid, residues 162-372, 130-324,

and 165-354. The CSD domains of the three genes are highty homologous. Of the three subunits of

NF-Y, NF-YB and NF-YC contain histone folding motifs homologous ta the yeast transcription factors HAP3 and HAPS, respectively. NF-YA contains a
domain homalogous to HAPZ, which interacts with NF-YB and NF-YC, and the heterotrimer of NF-Y binds to DNA, Both NF-YA and NF-YC contain

glutamine-rich domains and activate transcription. B, general structure of the genomic DNA,

mRNA, and protein product of ¥8-1. Tha gene is mapped at

chromosome 1p34 and has eight exons (E7, E2, E3, E4, £5, £6, E7, and £8). The YB-1 protein consists of 324 aminp acids. 8, basic amino acid

clusters; A, acidic amino acid clusters.

Sp1and Early Growth Response Element 1

The introduction of mutations in the GC-rich region
-59 to —45 (G region) of the MDR1 promoter markedly

decreased its activity as a result of the transcription factor
Spl (40, 45). Spl was first cloned and identified as a
transcription factor specifically bound to the GC box of the
SV40 promoter. A GC box is found in the promoter region
of many eukaryotic genes. The Spl family is involved in
various cellular functions including proliferation, apoptosis,
differentiation, and neoplastic changes. As the early growth
response element 1 (EGR1) binding motif partially overlaps
with the Spl binding sites, it is conceivable that they
mutually influence MDR1 gene expression in a competitive
manner {(45). Treatment with phorbol ester induced the
expression of both EGR1 and MDRI genes in human
leukemia cells (46). However, the expression of EGRI
alone did not enhance MDRI promoter activity. Coexpres-
sion of the oncosuppressor gene WT1 resulted in the
inhibition of MDRI promoter activation by EGR1 or
photbol ester (47). Therefore, the direct binding of WT1 to
the GC box might compete with Spl to down-regulate the
MDRI gene. These findings suggest that interactions
between EGR1 and WT1 might play a key role in MDRI
promoter activation.

p53

Mutant p53 has been shown to enhance MDR1
promoter activity in mouse cells; this was reversed by
wild-type p53 (14, 48). By contrast, stimulation of the
MDRI promoter by wild-type, but not mutant, p53 was
shown in several human p53-null cancer cell lines. The
MDR1 promoter region ~39 to +53 is responsible for this
p53-mediated activation (49), whereas the region -189

to +133 is thought to be responsible for negative
regulation by wild-type p53 (50). In addition, p53 has
been reported recently to bind directly to a novel binding
element (—72 to —40) within the MDR1 core promoter and
to repress its promoter activity (51).

Nuclear Factor-Interleukin-6 ‘

The treatment of human monocytic cells with phorbol
ester enhanced MDRI promoter activity through interac-
tion with nuclear factor-interleukin-6, which is a CCAAT/
enhancer binding protein family member. This study also
revealed that the mitogen-activated protein kinase pathway
activates nuclear factor-interleukin-6 (52). In addition,
CCAAT/enhancer binding protein § has been shown
recently to transactivate the MDR1I promoter by interaction
with the Y-box (53).

Heat Shock Factor

MDR1 promoter activation in response to arsenate or
heat shock seems to be mediated through a heat shock
element in the —178 to —165 region. An additional region
at —136 to —76 has also been proposed as a critical heat
shock element for the heat shock response (15, 54}, although
no direct binding of heat shock factor to this region has been
shown. Recently, Vilaboa et al. (55) reported that infection
with adenovirus carrying heat shock transcription factor 1
¢DNA increased the levels of MDRI mRNA and PGP,

Transcription Factor 4/B-Catenin

Transcriptional profiles produced using ¢DNA micro-
arrays in human colon cancer cell lines identified the MDRI
gene as the target of transcription factor 4/B-catenin. Seven
transcription factor 4/B-catenin binding sites were in the
promoter region between —2,030 and +31 (56).

Mol Cancer Ther 2004:3(11). November 2004
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Nuclear Factor-«B

The hepatocarcinogen 2-acetylaminofluorene was shown
to activate the MDRI gene in human hepatoma cells and
the induction of MDRI by 2-acetylaminofluorene was
mediated by a nuclear factor-«B binding site located
around —6 kb (57). Another group showed that the
inhibition of nuclear factor-«B reduced levels of MDRI
mRNA and PGP expression and that nuclear factor-<B
transactivated the MDR1 promoter in human colon cancer
HCT15 cells (58). This study identified a nuclear factor-«B
binding site in the first intron.

MDR1 Promoter-Enhancing Factor 1/RNA Helicase A

MDRI1 promoter-enhancing factor 1 has been shown to
bind to the CCAAT sequence causing up-regulation of the
MDR1 gene (59). RNA helicase A has also been reported
to bind to the CCAAT box as a member of the MDRI
promoter-enhancing factor 1 complex (60). Overexpression
of RNA helicase A enhanced the expression of both
the MDRI promoter-reporter construct and endogenous
PGP.

Clinical Implications of PGP Expression and
Nuclear Translocation of YB-1

PGP triggers resistance to a wide range of anticancer agents
including Vinca alkaloids, anthracyclines, epipodophyllo-
toxins, and taxols (7). In addition, YB-1 plays a role in
limiting the drug sensitivity of cancer cells by increasing
the expression of PGP and other proteins. Immunohisto-
chemical studies of YB-1 expression in the nuclei of
untreated primary breast cancers showed an almost
complete association between nuclear YB-1 and PGP
expression in 9 of 27 cases (Table 2; ref. 61). Studies of
clinical specimens have also shown an association between
YB-1 and PGP in osteosarcoma (62), synovial sarcoma (63),
breast cancer (64, 65), ovarian cancer (66-68), and prostate
cancer (Table 2; ref. 69). Figure 2 shows examples of the
presence and absence of YB-1 and PGP in clinical samples
of osteosarcoma and synovial sarcoma based on the results
of immunochistochemical analyses with anti-YB-1 and anti-
PGP antibodies.

Table 2. The association of nuclear expression of YB-1 with PGP-
mediated and/or non-PGP-mediated drug resistance in human
malignancies

Tumer type Malignant characteristics References
Qvarian cancer PGP' 1 (66}
PGP* T (67)
Cisplatin resistance (68)
Breast cancer PGP 1 (61)
PGP' (64)
Drug resistance (65)
Qsteasarcoma PGP 1 (62)
Synovial sarcoma PGP 1 (63)
Prostate cancer

PGP 1 (69)

*These studies also reparted a significant correlation between nuclear YB-1
expression and disease progression or prognosis.

There was a significant correlation between the nuclear
expression of YB-1 and the presence of PGP in 69 cases of
osteosarcomas (62). A recent study confirmed that YB-1
expression was specifically associated with the overexpres-
sion of PGP rather than with three other ATP binding
cassette transporters: MRP1, MRP2, and MRP3 (63). By
contrast, no association was observed between YB-1 and
PGP expressicn in colon cancers (70). It remains unclear
whether YB-1 is directly involved in the transcriptional
regulation of PGP in human malignancies. Nevertheless,
measurements of the expression of YB-1 and PGP could
suggest treatment modalities for individual cancer patients.
Recently, we showed that coexpression of YB-1 and PGP
correlated with poor prognosis in epithelial ovarian cancer
(67). The expression of MDRI is augmented in cancerous
areas in breast cancer and other tumors, resulting in drug
resistance. Furthermore, the presence of YB-1 in the nuclei
of cancer cells is closely associated with the clinical out-
come. YB-1 could therefore be a useful indicator of ma-
lignancy as well as a promising target for cancer therapy.
We recommend the use of non-PGP-targeting drugs against
malignant tumors with nuclear YB-1 expression.

Clinical Implications of Nuclear Localization of
YB-1: Drug Resistance to non-PGP-Targeting
Drugs

As described above, YB-1 is translocated to the nucleus in
response to various environmental stresses including UV
light, anticancer agents, heat, and infection in cultures of
cancer cells (21). YB-1 was shown to be overexpressed in
cisplatin-resistant cell lines, and antisense YB-1 RNA
triggered the augmentation of sensitivity to cisplatin,
mitomycin C, UV light, and hydrogen peroxide {30, 38).
YB-1 associates with p53 (71) and proliferating cell nuclear
antigen (72}, both of which modulate DNA repair, cell
cycle, transcription, and drug sensitivity., Moreover, wild-
type p53 is required for the nuclear translocation of YB-1,
which in turn inhibits p53-induced cell death (36).
However, it remains unclear how reduced YB-1 expression
increases resistance to non-PGP-targeting DNA-damaging
agents such as cisplatin and mitomycin C. Potential
mechanisms might include a reduction in the YB-1
interaction with proliferating cell nuclear antigen, which
is necessary for nucleotide excision repair, or in the
interaction with p53. However, pleiotropic drug resistance
to DNA-interacting drugs (e.g.. aphidicolin, hydroxyurea,
cytarabine, etoposide, doxorubicin, and mafosfamide) is
associated with the increased expression of YB-1 and 19
other genes that are involved in DNA replication, repair,
and stress responses (73).

Nuclear expression of YB-1 was reported to be a
prognostic factor in ovarian serous adenocarcinoma (66).
It was also associated with cisplatin resistance in ovarian
cancer cell lines, and expression levels were increased at
some sites of ovarian cancer recurrence (68). This pattern
was seen in 7 of 21 serous adenocarcinomas, 2 of 7 clear cell

Mol Cancer Ther 2004;3{11). November 2004



Figure 2. Immunohistochemical detec-
tion of nuclear and cytoplasmic YB-1 in
ostegsarcama and synovial sarcoma.
Antibodies were used against YB-1 (A,
B, D, and E} or PGP (C and F),
Osteosarcoma is shown with cytoplas-
mic YB-1 expression (A), nuclear YB-1
expression {B}, and PGP expression {C).
Synovial sarcoma is shown with cyto-
plasmic YB-1 expression (D}, nuclear
YB-1 expression (E}, and PGP expres-
sion (F). The patient in D showed no
evidence of disease 131 months after s
surgery, The patient in F died of lung o
metastasis 8 months after the initial E‘:.‘ ‘
surgery.
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adenocarcinomas, and 1 of 4 mucinous adenocarcinomas
{Table 2). There was also a positive correlation between the
nuclear expression of YB-1 and poor prognosis in synovial
sarcoma (63).

Analysis of the clinical relevance of YB-1 expression in
the cytoplasm or nucleus in 83 cases of breast cancer, after a
median follow-up of 61 months, revealed that the 5-year
relapse rate was 66% in patients with high YB-1 expression
who received postoperative chemotherapy (65). By contrast,
none of the patients with low YB-1 expression experienced
relapse. Taken together, these findings indicate that the
overexpression and nuclear expression of YB-1 have a
predictive value in some human malignancies, both with
and without postoperative chemotherapy.

An investigation of 588 genes associated with mouse
lung tumor progression revealed that 19 were differen-
tially expressed between lung adenoma and adenocarci-
noma; YB-1 was one of these candidate lung tumor
progression genes (74). Overexpression of YB-1 was
observed in >90% of anaplastic thyroid carcinomas,
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whereas it was absent in normal follicles and other
pathologic tumor types. These findings suggested the
involvement of YB-1 in the anaplastic transformation of
thyroid carcinoma (75). YB-1 expression induced a strong
cellular resistance to malignant transformation through
the phosphatidylinositol 3-kinase pathway possibly
through the inhibition of protein synthesis that is
required for the phosphatidylinositol 3-kinase— or Akt-
induced oncogenic transformation (76}.

Conclusion

The ancestral protein YB-1 modulates cell growth, apopto-
sis, drug resistance, DNA repair, transcription, and
translation as a pleiotropic regulator. YB-1 overexpression
or ruclear YB-1 expression might play a key role not only
in the acquirement of PGP-mediated drug resistance but
also in sensitivity to non-PGP-targeting chemotherapeutic
agents. YB-1 in the nucleus modulates drug resistance to
PGP-targeting and non-PGP-targeting drugs in cancer cells

Mol Cancer Ther 2004;3(11). November 2004
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Figure 3. Schematic surnmary of MDR mediated by PGP or non-PGP. YB-
1 is normally present in the cytoplasm but is translocated to the nucleus
by treatment with anticancer agents, hyperthermia, or UV light irradiation.
¥B-1 in the nucleus functions as a transcription factor, which can bind to
the Y-box and transactivate promotars, such as the MDRT gene or repair
genes. By contrast, YB-1 can bind directly to cisplatin-modified DNA and
jnteract with repair proteins including NTH1 {Exo I} and praliferating cell
nuclear antigen {PCNA). Thase functions might be advantageous for the
acquisition of drug resistance,

that are exposed to anticancer and other cytotoxic DNA-
damaging agents (Fig. 3). In one response pathway to
environmental stimuli, YB-1 is translocated to the nucleus
and up-regulates MDR1 gene expression through binding
to the Y-box on the promoter. Alternatively, YB-1 might
operate its DNA repair pathway through interactions with
P53 (71), proliferating cell nuclear antigen (72), and other
molecules (77) when DNA is damaged (Fig. 3). Further
research is needed to fully understand the role of YB-1 in
cancer and drug resistance.
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Tablel bt FAAHRELDSIILEPHEESDH KB/
VJ300) & MRP1 (KB/VM4) M OL A
Mkt oA AN T BTt N F

AR KB/V]300 KB/VM4
doxorubicin 10 14
vincristine 400% 2
actinomycin-D 100 2
daunorubicin 20 ]
etoposide (VP16) 5 150
teniposide (VIVZ26) 5 110%
canmptothecine 4 1
cisplatin 1 0.5

a) (HIEERBRIEC BT WBEFER» SR KB *
1.0 kU7 & 2 DA MBERIIE 2R T,

b) P KB/VI300 £ KB/VM4 1f &4 vincristine & teniposide
TER L a4 T PEESH/MDR] £ MRPL &2
BRI RIELTWL S,

CitEER TG TR L, MERhox LT bR ERME
R L Tw3 (Tablel). KB/VJ300 Tk MDRI
B FOHERBERD, KB/VM4 Tl MRPLE{ETF
FRIELAPELEESHh, MABC F 7 v AR—F—
BEFUNLEMEOESICEFSEL TV I ENTREN
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IE, SOET WV ABC b 7 vy AR—F—SHEES
i, ZOHIZIHRBEATLSAF O Mz
HHMET 2 P v AFR—V—REESRLTL
549, EHITE TR S i S A EHAE P cDNA
TAGBHIFIELR, EEMO/ v /T Vb ARYE
OERBFEENMSHOMZENTEPHEOERIZ
UhEd34200F7 vAR—y —LBET 2H0A
Bl Table2 WAL TWw 38" ZohTh, PEE
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Table2 P&ESE, MRP2, MRP3 & & Uf BCRP # Table3 bt FEXMBEEHFAKBITZ2PHIEARL
e URHE £ BT B 50T A MRP1 0%

PHEOH MRP2 MRP3 BCRP PHEBE MRP1
doxorubicin doxorubicin  etoposide vineristine EH IR, FEOTER), | REH, O, R, R
daunorubicin  vineristine teniposide  camiptothecine 2 O I, FREET
etoposide camptothecine methotrexate mitoxantrone HA S, KIgsA, U W, PR
teniposide cisplatin VoG, THA, Bt b U voUE, fENt
vincristine methotrexate A, B5hih, FERtA, A, AluE, Btk
paclitaxel

actinomycin-D

st
R
il

ATP binding casseite (ABC)
Fig.1 PHEOHOWMIE

HME & MRPl M FHEEERzOBNHLI E D
HoT, HNAFIOEHITHEADORES T 50584
HATWNED,

2. MDRU/P #ERK & ZAIME

PYmBaE iz, HWERMEMMERE (cystic fibrosis) @
EFEEETF CFTR L XA T, RLFFRDEATHS
t + ABC bS5 AR—F —TdH 3 (Fig. 1), Alvarez
59, 60 MIAD L M BAMIIR TS ARIOBRE
BAZY) —= v LIER, BREECESTIHEE
ZRLBEESSTEMNIPEEAE Tho o LR
LTw3 (Tablel,2 &), PHERER, H, ¥,
=, BT, FE(TIRE), RE, BE, NHE 55§
HERYOEESESPHIBTERLTED, A7 04
FRiZUHE L OEFEPTOMERPHtzsbboT
v» 3% (Table3), & &2, Peter BorstfE £ 6D 7
N—TWEB/ 277 Ty ADQERMSLIREN
tr k5, BMIEEART 2 Y ERRAAOFEY R L
ThH, EEPHMOEERZME 2iHo T EY,

MDRI1 #HEF O FERO L EMME O EE~DF ST
DT, BRIAOLBAMLIELR ETE s BROES
AR A TEFBA L 72D 1 Tra Pastan {16 O
BN —FDEXTH DL, s MDRIERET %,
FRAEEC BRI AT B 2 AV 2 =y
ZEFNTe ALERL, MEMELS k- TR

G4 A MidiA, FLAtA

ENTLRPEESHCHEENLE ., 7o—F 1
HREFRESZOX A ZEAORS W L - T, A
BOBIBEOND I LERELL., E5ITID7Y
A2, daunorubicin B S TR EMBBOHEHD
Aot ed, PEEOBEOHESINZ 5 verapamil
POHRT 2 L RS AMBRBEOBRAMBERES L, L
FoEE» 5, MDRIEEFHHEICAEK L VT
b, “THHEES" wBSELTwa I EMNALHIITEN
b3 THs,

t F MDR1EEFIZREETq21.1 EcfEL T
81, Fig.2c¥ / LHEE & MDR1 UHETF @ 5'-H14)
I DWTIRLTWA Y, £ MDR1 % MDR3 %
Sie4 / A500 F o~—A (kb) P ERREFCES
B TESATREHR(YAC) 24FEIL, <7 AHE
R A L, vincristine BETICHERBCREES LH
AT, HELOHKEROMEEDRYL 2 <7 A
MR R A LYz, TOER, ~ v AZHREEET
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£ MDR1 %/ A4S, “SHINE OERIZL
Eip s J AERED > TWA I LML o T,

MDR1EGEFE, ZLOEREETCERL TV S
ZenHsh T3 (Table3)., MDRIERZFOR
WMEFOEFEELT, BRERCHMEREIRINL
MDR1 #E{n F @RS FRFOMRIED SN
tz. ® OFERE, MDRLHEFOIRETFHEE, 55
FEIR OOBE FERRCIEEFRIRITE R 81T & 2 HI1EH
FiowtRRRshiz, LoL, TheOBFOD
b, HABZBCBE S MDRIEGFRIED LA CHE
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Tabled PHEHHOFRERE YB1O
BRBRESMAMT 5 £ FOoiA

FewE t b A OHET
Bargou & (1997) A
Saji & (2003) HAA
Kamura & (2003) MEHA
Oda & (1998) LEgE
Oda & (2003) sk

fi5, Bargou oA YB-1 O#WEFEH P ¥l
EHHOFRIEBED TEVHEBERT 2 AMBAR
ETHmELLS, Dk, TIEMNA, BAME LA,
BEREY ET, YB-1 OARE: PHEAHRER
HEBT D T EMFEREN TS (Tabled), &5
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i, b FOBAMES S vineristine e E L THE
BE L7 At aRAafs KB/VI300 KB+ 2 BRI 2
MmeThHote, KB/VI0MEE T, PHEHESRY/
MDRI1 G F ML {—{E 1L & A1 colchicine TRHE T
HEL-OEFEEEOSAM MR & 382D, £<
$EPEIE 4 5 7 VA MDRI mRNA O L~ iz L
COWVEIE ERLTW, F0AH=XLIWD0T
FoE Y Lizid, BEEEL T o3RI 10 FHiE < Bl
LTH» 5 Th-7z, MDRL 7o ®—F —fiKD—100
bp 13ED CpG A FAALMERL T3 Z LAHEIL
f: l?).

sz, KB/VI300 iMEw 35 5 MDRLEHE F 53]
EFHIEMDRI 7o 2—%—FLD CpG D X F VLD
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B LEETANEN R DOLTHER2 A — &Y
729, FHalk, HIEEREC >WILAHEHRAOLH
tE=tit e N—7k, BRSABREIZ DL TAM
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5 h, William Beck ik = fv & @ % FI i 41
atypical MDR (FEZE 2% Fff1£) & FE2f, DNA b &
AVAS—EREOMOD LIV AR—F —DEEET
Mg L7202 2 DS, MDRL1 L idE L 2L W0E
ATt BE T 28 EF & LT MRP1 #RE L hi-
T rtwkolz, MRPLERGFIZ E b Fuéfk 16p13.1
EwfiE L, BAER, $EE, Ofb, FRE, HEERL YO
EREMIZFEIRL Tvw 559 (Table3).

PREEOEVEREEZHAEDHEL LR LAE
BHEOERH»HECT50KNLT, MRPH 777
IV —REOEEL b OREMEER N A E W
ZEDEASEMZANT WS, £, MRPH 7773
VoM TLREBEMEEY-TE Y, MRPL &
MRP2 7V F4 &RV 2 o v B sk
*, MRP3 77 o rigRia& i ohBgiasgitsz,
MRP4 % MRP5 DX 2 V4 F R OFHE L L Wy
ET A EDNbdoT & 5o, —% MRP1 Q%
HIMEBE DLW TREEA YD 2 TR W, 2
T, MIBARIBLUBE7 =4 v 28EI23 5404720
TFRMEPRERS b FEHWHEEARE MRP1 £ MRP2
WEBL, JOEERBEMHOREREEHOMCT S
7z MRP1 & MRP2 L DRITH A 7 HEEHE {5l
L, HEEEORRREEZED F A4 > OBEL2RA
1z, ZOFEE, MRPI1®oA 2 ) x> C4d (LTCY)
T AR MRP2 L D 10EE v a8, MRP2
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(C) BRAADBEZAES 7oe—F —EEo X714
 MDRIBEFRIEOELERE L, TOER, IR
B 60%0EEBCBWTMDRI Y0 E—F =iz A+
br2Ha, 03 b{bEFEBORENSHRE~ES
B, RAFLEE MDRI BEFORBEAEMNERE:
i,

HEAFAR—-F— 23

GC box

Vebor w Exvn 1 Exon 2
93] E n
CpG sites 41

e=—b—lbe R e ey

MspU/Hpall sites -107
: : fi-t — i
Psil Pyl
1 Probe )
o
IS
)
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05 > o &
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g -4 MDA
978 W= Eee
Wt Weid Bk~ YBA
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fo b %9 - Sp1 541 W
401 w- L
&1 %% &% -oapDH go7
mRNA level Hpa IMT+Pst [

(B} MDR1 ®» 70— —$ER @ CpG + 4 b £#FL
Tw3, t kAR KB3-1 B3k 0 % FIi i f
KB/V]J300 &£ KB-Clit, MDRIEEFHREHMNE
FLTw3, 2 FAeFERMCERT 2 MR
7 Hpa 1 TH & AIMtE RO MDR1 o 2 —% —
B CHEE KR LB DRSS T A T b
S, EXFMLIRR 2 TWEZEERL TS,

Fig.3 DNA # %Ak MDRLIGET ORI
HMMETRESEFC L2 S AMEL L b CRETFO 70T —5 —HBO
CoG A F Wiz X BHEHTER AL EHo T3,

DNIBEHRBIET I /B% MRPLIEBRR LI 2A5T
it MRP1 L IZIZRI CERER R Lz, T b,
MRPL @ 1-846 7 = / E» MRP1 Bl D B WEH
XBLTCAE R CEELFREF LN —4,

Nk 116 7 2 /H% MRPLiw@BHaL -+ 47 Tk
MRP2 055 fEm R+ T~L, 25K MRP1O
SEEEFREL T onBr MR ER L. 2h
i, MRP1 O NED 1167 = /B, Thbb N i
Ko L2BLUIEHBOBEEEES AV M LTCY
CEWENEERTEDCLERERTHY, LT
116 HB> 5 846 BEHOF7 3 VB d, LTC4 R
PERTHEENEET A ILETET S, 361,

etoposide (239 2 #5F BOTH M B 12 MRPL %816.5,

MRP2 #82.2 TH-7b%, MRP2 & LB L T, N i
1B BLU4807 & /E8% ZHhZH MRPL @ N i
KD 7 I/ BBIU29FELE,S BOEEOT 2
JEE (EEGEYE 7 A2 b 6~9) 48 etoposide % i

BELGUEPREL-T I EATRR I N,

MRP1 2 51058, AERA, HistA (NSCLC),
HREFEE L E TRENLERLTVA I EDREERT
P, Z2OMOBATHEREASHEEEI N TV
(Table 3), /NROMBIE T, N-myc OE{E T
IES L FEIRMIE OIBIN e b o T3 M, ZDRE
FHE %49 fEHIT ik MRP1 @ mRNA v~ L%
BIZE Y, 351, N-myc OElEFHRIE 128 E R
¢ MRP1 D mRENA VARV HEWFREF L2 &
OHELEINTWE, ZOMOMRP 77 2 V=D
WTh, BHCBT RGP TR OMML Y
DVTRI IR EMD TH D, i
H, E POEMNALEEWTMRPIOE RER
MRP! & MRP3 QRSB FERICEIEETI L
BFE SN TNREM, S61, ABAICBWT MDRI
B4t & MRP1 45 BCRP R )0 b EHLRP 2 ¥ &
EBITOEFBNETFRCHET I ENHRESh
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Table5 MDRI1B{EF D SNP HEO AR

7 VIHEE
MDR1 exen/intron ERMR 7 BER
Hoffmeyer, 2000 Tanabe, 2001
exonlb T-129C Noncoding T (0.92) C (0.08)
exonl2 C1236T wobble C (0.76) T (0.24) C (0.65) T (0.35)
exonzl G2677T Ala893Ser G {0.36) T (0.64) G (0.37) T (0.42)
G2677A Ala393Thr A (0.22)
exonZ6 C3435T llel1451le C (0.50) T (0.50} C (0.5 T (0.49)
TWw3, DE-F—, 27V rELUFBA oz ER

MDRL izt~ MRP1 DA T DR EF D5 FH
FRIEZDWLTHI, BoEDLTwiEnk I sHHn,
EELr~AnrToiliflicEL T, MRP1@o 27 7
£—F —SEIz iz v { o5 D GC box BTEEL, EE
KIF Spl 2 MRP1 O FEBREHIHL Twa Z L BRRE
T, 20RO »s, BERBLA LD
—511~—477 i AP-1 &S %2 b o MBS EE
HARE)MRRwEas i, oo Y-
ELTHE S, MRP12SEFIFEER L Ty 5 LA ik
THEFICIER ARE PR T 2 ZHNERTF M 3 518
MUTWwas I ERFLy7 bETRINW:, ZORF
i eJUN ERIEENTWSR®, WA L - T MRPI
FHEFHECHT 2L ohDOBEND BH, FFL
LMOBERITIEFEEAYFEE2F 6 Twizwy, MRP1
OHBFEIWC DWW T H, B-acetylaminofluorene TH
Manzg, £LOEFTMRPISBEHALTWL L
e, BADER{LOBS I MRP ORFEHRE S h
w5, Sullivan 527 & W, MRP1 OFIAMEE
PE3 I L - TEEMT 2 Z EHIEB AR TR ER
7r. ABC b5 v RAFR—F—D7ue—F—fFERIZE
HERGIHEZIT TS, Lbl, A2 pbl e
SRRV s, BEEFIHEAFEOSTFEREN
Li-f8EmafERIc L2 b0eFEL NS,

4. MDR1 % MRP1 &:i@{nF% 8

MDR1 ® MRP1 @#inAFMEICEE T2 & &
W, EMEZEOBAZSHRAEIRCES T 2EER
EFED1DLELoND, LidioT, ZOREED
EHCEHERIZTHETFSEEMET LI LM, B
MGEHOMAZEH L) A THECRZ>TC S,
L L, MDRI® MRP1 0@ ET &P EYLEE
COMEICET AR, 30 BEEo LMD T
H5,

MDRI1 #i{EF 2w T, Hoffmeyer 523 UH T
AENRNETSHORBRERERELLD, 277

BULEER, 1TEO1ELZESE (single nucleotide
polymorphism : SNP) %#[RIEL % (Table5), &5
i, BEAO+IEREMME T AW BT e,
FUNMEEDE W CHBT oW T PEERHOR
Mr~ArBlUPHEGBEOEYE TH 3 digoxin®
MPREEfEET 2 e R IEL TS, C3435T i
DWTERIREMMERE, BREOPHEAEREA VR
BT AEMAIEH S L OORMEMRERERR
W, FRIFD CDS6*NKMfa Tre—4" 3 > 123 DHE
S L fEB 2, cyclosporin DERNEIRERIERK
GOEE:OHEBRZVWRENREEXNL TV S,
CMI[T X7 & /BEBRETFLLWEEEEL DT,
PHEEAEORBELV ANV LPEMOENTEAYD LS
WBEET 200 TEATHS, CHBTODCODFT VIV
HEBOAPHBAETIE I5~60%TH HDIITL,
BATR I~ LEEFNI L LBEYREOZEES
BHEHIRZTEETAREIETHS, TableSic, 7
VIVEE O MDRIBETFOSNP 2 &, HA
EHFEATOT VNVREREB LI, 3/, HRBREL
SNP OB DL TH ANBEENHL L3 THL, &
W, BERACBWTIRCHBT THREL, FYuot—
& —8AIR D SNP BSHEBW L~V ICHEET 2 2 L 284
BREWELTW3?, o 7 AR—-5—0 SNP
ZoWwTh, ¥/ AT R—ACEHTEIEE -
TwaH, FERVANVPHER ST A—F L ORED
WTRSHRORETH S,

HEMPEH L o v AR—F —iF, SEXEREYTH
EHEOOHERAGNL ZEMHBEINTHWE, TT
Wik~ &k S, PREEHEE i rifampicin, EED
430 F ¥V VIREBAE T, MRP2 i
cyclic AMP, dexamethasone, rifampicin, tamox-
ifen, cisplatin, 2-acetylaminofluorene, cyclohex-
imide % & THRIHFLUD, TV RSERY A Mo A
TEIROETHEESRTWE, eTh, A
Hlae ik s PHERAHORRTHIZ R Y-box &



FEHEM, # 7 rifampicin % paclitaxel & & % FEER
FLIZoWTIRA—=T7 775 —SXP OBE&H
TSN, REFEEEISFLVNVTHSHICTE?S
E¥FSIc Aoz, LT, D& AR EEE
FHEGHHE S v AR—F —OEBR VNS T
ZZEREASMTH B, M, KEENASPHBABRE
DIEBATICDNT, REREB LU RT-PCRICE
DL B2 OER,2S, PHEEAE/MDRI & E
DABC b AR—F —OFERELCAAEDBHFEET
HLEeBbhoT&l, ZOBE, BHEE—FEOME
BERCBrN 0T, HEFEROERZEICL>THE
HOBAZESELZLREZIIC L, RRY, BETF
ZRHSELBAAZENH IR TTHS, &, TT
iZik~fz & 5w MDRLEEBEFOES, 79E—F —
EEOCpG DA F MBIz X D HEBERACHHs LS
ZEDBHSEHIZR > TWEOT, HEENEEEDHEA
EERHELTWERFELTZE Y 22T 4 v o 2H
FLHEETLILEND S, 58, BEERT, 277
T4 R=F =04 bhA R EDODAENFEETFE
Sz b7 v AERARTORETSRRET I L
MAHBERZLZTHAI.,

5. BbHIC

1) PHEABERSEIGE 2B AFW42 ABC b
SUAR—F —TH5E, PHEAEVLNADOEREH
THLEEHTMEOESICES T2 Z E RIZIFHEs HiIC
antc, EEHEEBTRFEESZLADRZVES, TO
ilehEoBABE T THRBREAESA LN S
THIHE (-2 YB1RXAF101k) %2 EERICHE
LTWwlZ e, ERXONAOHEEBAMCIEEY
25 A TAYITH S, |

2) PHERE G TR, 200 ABC 5
AR —Y —MELDOE FHRATHEELAERASNLE
GHHBn 2R FROABC P 7V AR—F I
ENTNOBATEEIREDOREE > T 2R
MIFT A, SEBOFETH S,

I PEEOBE®RIUDHELT, ABCFZ5 >R
R—F — B EHIFEOEEEESE L T3 T hid,
ZDMHFERIZ DOV TOEEIRETL T E, B
JUSHGENAOHREZFL SR BEHET o
PHRFEEEPERETL I ERMADHETHS, K
FNEFNRORMBARDZNFND ABC b I > AR—
F—EHBELRTLLEME, n vilro R in vivo R
CETORFHERL SO THOMIT 3 2 L REET
5,

B L AH—r— 05

PLE, ZEIRECE T2 ABC Py AR—F -2
DBTh, XFXERMHEMNLERRIFROEETH
3. LoL, ZRMWECET 5 EENR TE s M4
Ry 4%, BABEDSETELBILHEEA
WU DML L TR L T B N5k
TETAYTH S, #Im6, $TLWRHERTROEE
NHEELTL B EEEL TS,
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VEGF Thrombospondin-1
MMP PTEN
IL-8 TGF-5%
VCAM-1 PF-4
Angiopoietin-2 TIMP
uPA PAI-1
COX-2
Neuropilin-1
Erythropoietin
iNOS

o {EEER IRIFROHREYH 5.

BIElE R Tw s, b, EETRIEERTOGEC X Y INEFRE
MEETEDT NFVABRI>THEEFLOND., BEKE
WTH MEHEDOFHRTFLBEESNTWS R, s 4LE
T, MEFE GUMNIBREE) PL0uLLTurIIEOCEREP TR
LEECRET A EMERESRTWAY, BECEWT Y, MEFHE
EEETFORENEEPREL P OBEEBEOES STk
BEISHTW3, B2ioFho OERNEZERYIZEL 7.

LT, BbmEFHECEET 2RTFEFEE2ROLE LLNE
YL OBRFRERRS L, MEHEBEROERGHANDOAREM 2 1h
35,

1] Vascular endothelial growth factor (VEGF)

VEGF 134 F & 34~45 kDa Of{EN L MENHERTTH 5, M
N R SRR AR T & U T TRAD RIS & HEE X
Niz, FRERE, ~ru7 -, Rz EOEEETES
EhaiEs, BEfELs bEEIND,

VEGF BWEEOHEMEBEIBEG T2 bMEE LT
209 R e TR BLwiRE T, VEGE 20fl+ 22k
X DHESEMRBELN TS, Tbb, 5l VEGF HiEIc LD
JBJE X — ¥~ o X OB FHER M & h, BUNIERR
WAL, 7HEN—VARWEMLRY, £, VEGF REHRDT7 v 7 &
VABER AP RAOEEEEENINT 2 2 E» 5%, Mol
HMEEREHET 5 VEGF 235 2 bic X D HFEHR T 3
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% 2 BECEIT3E L LMENEFNET & € OMFRRIEE

" F FRIRIEE kR &

VEGF VEGF-C @i L FRETFTH S Duff & (2003)
VEGF-A 13V >/ SEiEH £ AHR Yu & (2003)
Bk T VEGF-C, ~D 2V >3t = Ishikawa & (2003)
HaE
Mo VEGFEEREEAETE L, FHE Karayiannakis & (2002}
FThs

MMP MMP-7 FEEEECES LT 5 Yonernura & (2000)
MMP-2 3852, Voo Hilsh, EREE LM Monig 5 (2001
5]
frtho MMP-O BEIREBREETHL, V> Torii & (1997)
oSEERRS e & L AEES

IL-8 IL-8 i3 ¥R, IREBRBLMEL T PERE  Kido & (2001)
FTH5D

PTEN PTEN & FiidtHE Lee & (2003)
TRV v EERA I PTEN OFEHHEIT  Yang & (2003)
LTwn3

VCAM-1 M#E+o VCAM-1 BESEWAEOFERIZFR  Velikova 5 (1997)

Angiopoietin-2
(Ang-2)

TGF-5

COX-2

TH5B

Mmoo VCAM-1 B E R EEE, V) 38R
%, Efmizr L EE

Ang-2 BB S L REL, VU HER L
Eicles

Ang-2 ZFEH L Tw 3 BREMIRETESE L,
THETH

Smad 4 HIRE £ #- TGF-5 BHFIZ FHRRF
THd

m#Esho TGF-4 iRk ) I EiEes, T rif
5]

TGF-p OFMTFEEE, ) v/ EiER L iEE
TGF-g FHIRFMI LI FREFTH S

COX-2 MFEIR LY v/ EiES, stage H3AMS
COX-2 DFIRE Y v HilEE, FHE4HE
COX-2 MAIR TR, HER LN

Alexiou & (2003)

Lee 5 (2001)

Etoh & (2001)

Xiangming & (2001)

Saito & (2000)

Maehara & (1999)
Nakamura & {1998)
Xue & (2003)

Costa & (2002)
Ohno & (2001)

222 (¢82)

BRI L aa PR

TR O LR ST, BEEECLESEE LSS, VEGF & %
O7 73 —EQ, VEGF%ZHME (VEGF-R1/2/37% &) 24 L
THEHFELZ T TRV YN EFECHEEL TS Y, MEHER

EFMROFALENTHS (K3SH).
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I) Matrix metalloproteinase (MMP)

MMP ZiEfEst~= UV v 7 A2 S ETAHERTHY, £ MERKC
BLWTEHENEWI LB ohTWwad, MMP 2HET L Z L L
D IBEOMEBADERE, ZESEAOER B X UHEIEHE RIlF

TaoeNnTEREFEZONS, MMP OREFETH 5 Marimas-

tat® i3 SCID = v A 2 AWl BEEEEET 7 VCEWT, EEN
G RINET 22 Lk b IEEEER M L7129,

I) Interleukin-8 (IL-8)

IL-8BCX-C773V—RKEFTB a7 EHAD—D2T, 5
FESkDaDRVRFFFTHS, Bdbiavro7Z 7y —Vh o
Sh3IEy, BHFMREPNEREMIE, S babans, FHIK
D) o RBROWEEEEME L BEROE D, EFOMEHEICES
LTWwaZEeMNREENRTWS, IL-8EGFR2HEA L BEMEE
X—Fe 7 ADTECEET S L, ZOEEEEIREL R, 0¥
FELEMLED, IL-8 b BRI EEFRERFO—
DEFZo6ND,

IV] Thrombospondin-1 (TSP-1)
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V] Vascular cell adhesion molecule-1 (VCAM-1)
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