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i 85T (%)
BBfr TLILE TI/RES am SNP 50
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Iovid 12 TG 11.8 0
72 —1 G/A 1.2 0
IyI2 61 21 Asn — Asp AG 17.6 05
12 hAL —25 GIT 26 3.5
S IP2E 3 = —35 GIC 1.2 0
I77>5 307 103 Phe — Leu T/C 12 0
1hO 139 cr 48.2 . 16.5
1»k0Oz 145 CiT 24 0
IoJ/11 1199 400 Ser — Asn G/A 129 0
IoU12 1238 c 489 133
12 kR 44 cr 11.7 0
1O —76 T/A 45.9 224
1O o137 AG 1.2 o
I7V 26 3435 cr 48.3 239
Iov 26 3396 CiT 0.53 o

{Hoffmeyer S et al. Proc Nat! Acad Sci USA 97, 3473, 2000% ; Kerb R et al. Pharmacogenomics 2, 51, 2001 & 1)
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SRS EBFRAISEITS MAPY (ABCCY) DBETFSH!

i TFLIEE TEIBES B SNP 1 TRIEE (%)
I5v2 128 43 Cys — Ser GIC 1
THVL2 218 75 Thr — fle c ]
I9v3 825 275 val — Val TIC 37.5
IoULS 1062 354 Asn ~ Asn Te 35.4
I9V213 1684 562 Leu — Leu TiC 198
I5vL16 2007 669 Pro = Pro c 83
1oV 17 2168 723 Arg — GIn G/A 73
ITI20 2665 B89 Pro — Pro [o11) 1
ITJ20 2694 898 - Asn =+ Asn TIC 1
723 3173 . 1058 Arg - GIn G/A 1
Iy 28 4002 1334 Ser — Ser @A 15.6
I7vY 3 4524 1508 Tyr — Tyr o 1
1>rOr9 1218+8 — — . AG 35.4
frhOX 11 1474—48 — - cT 52
12bO¥18  2461--20 - - c/G 292
frbOY 18 2481—38 — — TC 73
(ito S et al. Pharmacogenetics 11, 175, 2001™ L))
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b Liviev, 3, TUE NCBI I2B4R3 TV
MDRI #faFD SNP 7— #(2i2, Hoffmeyer
LOHMELALDLMND SNP bEThTHY,
MDRI BEFICRHHORETF LRI B0
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EFEEROBAZE > THENLY, 0L
TR EREERO Y -y b ATF0IEH,
ARSI P S Y AR =2 b bR
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ch7Falay MIBwWT, BRAXRSI>F47
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=7 oERzRIET 2 00, FEYREETE
ERTABANDIERIMERTE v, 284S0
, EZFLREFRITH, T0LhicildiE
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HELA-E &1, SNP 12300 ~ 1,500 bp T&
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of BN Ao
BFERESNT 2 HEIC BN
T, +HRBELIFRIE RS
TA7:DIZ, $<{ DA PCR
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PCR HE:EI5D
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PCR #5451

WIREEFER L TWa, MiEs
Nicy =49+ DNA HiFizk
%5 SNP 2T 5 @iz ik,

el CYP2D6 BIEFOISE PCR BISH SBET 2175
(Sitbon G etal. 77 =234/ 3 72— 21 HEOMNELAOE

., p187, 2002 1))
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26100,000 Bdh 2 LRI X, ¥ H8D
T3/ BREREREE bR b 20T (TRTo
¢SNP Tiiv) T H 5. BEFOHO
A PO RS, 21, RRNEERCHS
SNP(pSNP ; perigenic SNP) 1 # VINTED
REETELS LT E D, LM/ 4
D72 HTED SNP HIEE, 7= 23590
F=5"y PHTHITH, FRTEUOe—n—&
LTSNP &5, EERFhrheis, #
LT [ERICES SO 7740} LT, BEET
DEIHT BEEEIC T 5 ERE L & 0ot
BZENTEBADS (httpifsnp.cshlorg %

EE). LoAfsTigst, 2019 L RENER -
PEETHILICE T, A4DENB I U

EFFUTB I, LRPOETIIACEEDD
DIZ%BH L LTn5,

MALDI-TOF BEESTREERA L
SNP DA%

SRR S FREEN T EIET L4
BT, REEFERFHBIRTEZ L1

MMADFENHLH, 7055
DFZAR~II AT 5y
SIEE, ZZTREBAMT S,
DL DNA R 25— EhtEsicat LT,
EbOTEVFEME L O LERALTLA,
Tl TIAR—TIAFUY a VTR, 1
HEFFURTIZL BTV A VT4 X sk
TRHALTWRD, 2647, flEiciE MALDI-
TOF* (matrix-assisted laser desorption/
ionization time-of-flight) BEMTEE+H
Vg, (8 BRI OETH—KI2, MALDI
DERERE LA LT, 2002 £07 —~JL1L
FREZRLA :

Bl& LT, CYPZD6 BEFOERE s L ¥
FEBREETT. 1 00F Y Iubizh 3 1
¥A% PCR FUL%479. %1 @ PCR i, 1
HRL2HHDZI Vv 2 E2<C 1,363 bp ©
HIEBIET DL DT, FOHMIIE CI00T &
C1023T DZEFR+&L (B 9-2). 42 @ PCR
B, IFEL 4 BBOTY V% $7:4 490 bp
OREFEIBLINGET 20 DT, 208EKITIG
T1707del & G1346A DEEEEL. £3 0
PCR R, A2549del DZERE2 b o5 HHE
6 HEDLL V& $7:< 1,132 bp DR
fad 5.

PCR BUGTHHEL7: DNA g 1conT, 75
FEMOBREDT C 3 MIC7 = (8%
BHEFLTRERS) T2HRNTF/v—%F
WA AEELT, 2 FEORIGICEWS, 72,

9F LIS/ ISALRETSEE BEA,



SOY—-r0EE, gEeLY
FARVYERS VEF FOK
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s o
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B
1
¥ 05478
FE _
snp B
MALDI-TOF H & £47

EICERCHSET 2, |9-5 12
4 AFDRX 2 VAFF 1 HF0
HRERT.

B 9-5 it# >~ 7 DNA #¢
~T OIS EOREOTERT.
72 X A/T AT OEEHETH
N, 2FRDOE -2 DIz 9
Da OENHL, T74<—0%
4 X020 BWEMDTCHhiL,

) —IBE S -REREOERXE

(Ross PLetal. 7 7—¥ 34 /3 72— 21 IO - {BOE

A, p197, 20029 & Jehar)

EREROEFHIIICCT, EFBLUERENEL
ELOVFFXRVYFRRILATEIZY LB
(ddNTP) #BUGRIEICME L, 202 FHD
Fisdis, 7749—0 3 882 1 §F0IF
FEVYERZVAF FEDTMELONES, £
U, ZEREFTOEEMEEIIL - TRE2S (B
8-3). 4 LZRERTD DNA EFIMERE THiL
i, EEOBRLL VT XLV ELIZLFF
FO I A= —IEET A, O, b LERE
FRCERIEEFELREE, BRI L
FFEBRTIAT e TH, 37, BREN
FOESHCL oL FO DNA T, EEBL
VERBEOY 743 VURR 7 Vi F FOFED
T4 AT, TOERIR, ~NFOES
FBWTIE, EE EERBDIGEOTRIER
BcdarbTha.

CALT ] BFOVFFFVIRIZVAF
FAEEELAT 74 v—%HBELLDL,
MALDI-TOF HRaHF#E TlET 5. & 9-
4 13 MALDI-TOF HRMTERE AVER
OfiETRY. BlEFy—PRHDBE-21E, 1D
DAZVFT FHERLATSAw—LEELT
WhEVWED TS AT s, FLTED 2

%’g 98 FEIIFSIIREBIRTEEBIR

To AN ELhL, Lo
MALDI-TOF BE4iE
RuwwiohkiE, /94 ~v—%8
FCT RNAE T VT B LA R WODT, 3R
FHEME AN AN =Ty MESTERET S B.
T, S0k REER, BRI ToRE
FRNLCBWwORLE IR BTHLI.

E NS TTO5 43 5 A0

W, FER IV aY IS AOKEEMT, BIED
BB TEAE-FTRELTWE, 1L i
Wrxiaid /37200 DNA Fy 73+
CHEERTEY, £ {ORELEMISTIUIES
WTHHAF - N—AFFEEFTVAE, $7-
LEGLT, BHHo ) TDNA F9 7%
LT, B ROMETFHCES 27207
fibiTo TV, BEFREROTT I 74 M5,
FHIE) — FMEAASI b A o T EIE R TR
DMNMALL, I CEEOMICEICE{EL .
L2 L 0B FlES =T oRBAATTidde
BTERV, mRNA &2 A2 BORBLAUL
G LO~BLEWHhETHS, AlaEak,
) LB LD 5 oy TOEERE £ OB
o THEITHENTWAEI EdL, 70543
7 AQEEMICTL A, BIEEITET 2IHETH



RILFFF1 GF0HES

T714%— (23mer) FS54v—+ddG

6998.49 7311.78 UFFRVUERILAF K GdN) HER (Da)
| ddC 273.155
AM=2313.27Da T 288,195
ddA 297.210
ddG 313.209

67580 £931.8

71056 7279.4 74532

{Ross PL et al. 2P —= 34/ 3 92— 31 iz
DRIZEEBDER. p197, 2002W & v)zkzr)

#HE (m/z)

e

)

—BRTISIv-BEEETEL AL MALDI-TOF
HEAHOP ‘
AM: 2 DD~ 0EHE.

(Ross PLetal. 77 -4/ § 72— 21 #IOME
EEDER. p197, 20029 k)

AT ATAESE AGAFORSHE
+dgr |+ OdA ‘ +ddA
4166.60 4174.95 4820.31
+ddG
4836.48

A
4523.86

r T L T T L T T T T 1 L]
3700 3840 3880 4120 4260 4400 4300 4440 4580 4720 4860 5000

HBE (mz) HE ()
CAATONEHE CTAFOPsts
TS5 w— .
5193.36 + ddT
+ddc +ddC 5990.17
5466.91

+ ddA §975.85

5480.10 TS5 7—
5702.93

LY A

5000 5110 5220 5330 5440 5550 5600 5700  £800 5930 6040
BHE (mfa) HE (nvz)

LI
6150

QP 7RSO SNP ST TS 5 Ak MALDI-TOF BB SMFOE
{Ross PLetal. 77 =v2#/ 3 92— 21 HiIO8IR L ADESS. pi187, 2002% &¥))
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‘lllllll ne

4/ L DNA

il
Mﬁcﬂ)? Fob
£
= = u"cnunuu* Bt
l FF2R
Rk —
o Oan® 20
-5 ST R FEE -5 b

E

mANA

v

4198

/

I
v

Bit/AHER

TR h3 00040 S 5OESE

T, &7 EAYEs SIS Ot LAk
BIZERILREERONE, Thbb, bEY
ALTFN TV R LWL EFEYVET
HAb.

LAEDIARA ¥ MBEOTZIT RS 1)
= FLTwaY, EHRHEOY 7 MEEDRER
ERLTR, SMMLRDBAFFRHETHE.
SERHRSTF 7 — 72 QT 2Bk
EWRALT, MIER 7 MEEOMBDIER,
LR COESE S 7 F VBB NET 2 2 b A4F
HRTHDLH ([9-6). TLT, #Fr1EDE
5 & RIETRBOF R % 4 5 1 OB L Kilfi o
REMLETHS, LHLEe S, DNA Fv 7
D& IR ER TR B REAY T I B
FARETIEREW, FEFTaF ISR bEFLT
TOFA I/ AOFEH T, HLFTLE
HoF—4y VOEEEFOY—4 v MBI
FLWVEEOAL -y RO, B

9 98 ML Os S I IAEBET S I

LUEHHE SV BIEES T 74 V2 EHT 5
LETHD. Lo, bAEROBETAT
TEERSIBoT s /=] v a—
FFALENSH Y, FOrHICIERIRITE
BROEEL T 77 ¥ —Tha, UTFikbxvay
07437 AOMBEHTE 2 o841 5.

1. 7742574 —-E-X2RW:-EY
=Ty b TFORSR

HEIRKREOEMERD I V-7, FHRT
T4=F4—E-Z*WELT, THEEE
MMRESSEE, RElL, LrdEESELL
HETDIMTE B LA, ZOHE, BWSak
DEES, EERTFORLE - MRt TRk,
REGDT 4TI —{bR, {tEWELSEED
HEIER B & USEEH DDt b EEFUGOHIE
BBORAMFIA TS 2o, OHELS
BTalilloT, EHOREREE 0T 8



Fr—4y VERETAZELTEETH 5.

PEE, HEMERARINCRT 74257 1—20=
NS T 4 —DENLITEIY, ZHUL, S5
%%W%%E%UﬁyF&Lf,ﬁﬁzm#m
DT A=A+ 7 70— EOSIMY —X
BRCEZEELT, #7410 THEELE L
PLLAE, BRI~ RY RS e, »
U P35 74— IR ET 2 L v Kfa
éot.ﬁﬁﬁ%éht774:%4—6—xm
AFLrERIchL, E@#* GMA (glycidyl-
methacrylate) TEPNZHE 02 om 057
VZAE—XTHED, LOE-XDHEHE LT,
PERDIBHL Y, BAIEifS- hETENE0S
BOVHY FEEZLTE, WELMES LES
b, St TEMET, LidipEsy - (ke
KEETHD, S61, HERMNABLI E b
ThHuW, TOTT427 4 —E=ZE [T,
FHIN—TIEERF ORI, BHIOSHHE
DEENIBZI L Twaa. 2,

2, ABC pFU 22—
NAAN=T g b AT~ hZ
Eacatwity kopiibe i by N AT
FUMOEERTET 542 9 A CIHEEITEETS
L. TOTLEM IR 20N IS 5
YAR—F—DER G BHHED S kB
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Chapter 3

MDR AND MRP GENE FAMILIES AS CELLULAR
DETERMINANT FACTORS FOR RESISTANCE
TO CLINICAL ANTICANCER AGENTS

Lei Deng', Shigaru Tatebe', Yen-Chiu Lin-Lee', Toshihisa Ishikawa’® and
M. Tien Kuo'

! Department of Molecular Pathology, The University of Texas MD Anderson Cancer Center
Houston, Texas, USA

2Department of Biomolecular Engineering, Graduate School of Bioscience and Biotechnology,
Tokyo Institute of Technology, Yokohama, Jopan

1. INTRODUCTION

The constant threat by a countless array ‘of environmental poisons,
natural products and synthetic agents, over evolutionary time has led living
organisms to develop many elaborate mechanisms that combat the toxic
effects of these insults. Among such mechanisms is one that decreases the -
intracellular accumulation of a toxic substance by directly pumping foxic
molecules out of the cells, and another that modifies the metabolism of the
toxic substances and effluxes the metabolized compounds. The former
mechanism is typified by the mammalian multidrug resistance system
mediated by P-glycoproteins (P-gp) that are encoded by the MDR gene
family. The second mechanism is exemplified by the multidrug resistance
protein (MRP). Both P-gp and MRP contain ATP-binding cassettes and
therefore belong to the ABC superfamily of membrane transporters.

Both MDR and MRP systems have been studied extensively over the
past several years, and many review articles have been published™. In this
chapter, rather than covering every aspect of both transport systems, we will
focus on their clinical relevance. The basic biology of the system that is
relevant to their clinical aspects will be briefly discussed. A summary of
many important aspects of the MDR and MRP gene families is presented in
Table 1.
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2. MDR

2.1 Biology of the MDR System

Juliano and Ling’® discovered that a2 170-kDa protein was overproduced in
MDR cells. They called it P-glycoprotein (P-gp) for permeability
glycoprotein, though later it was shown that the permeability of these MDR
cells was not altered. P-gp is a membrane protein that acts as an energy-
dependent efflux pump. In humans, two classes of MDR genes encode P-gp.
MDR1 is involved in multidrug resistance and MDR2 transports
phosphatidylcholine into bile. In rodents, mdrla and mdrlb (also known as
mdr3 and mdrl, respectively) confer drug resistance, whereas mdr2 is
homologous to the human MDR2,

Knockout analysis demonstrated that animals carrying either mdrl a(-/-) or
mdrla(-/-) mdrib(-/-) backgrounds are apparently normal’. When antitumor
agents of known P-gp substrates were injected into these animals,
accumulation of these agents in certain organs was evident, especially in the
blood-brain barrier where P-gp is normally over-expressed’. These findings
suggested that the primary function of P-gp is to protect against toxic
xenobiotics by limiting the uptake of the toxic compounds. These findings
also suggest that P-gp may have important implication in clinical drug
resistance. Thus, the regulation of P-gp expression levels in tumor cells seems
to be an important parameter associated with multidrug resistance.

22 Regulation of MDR Gene Expression and
P-glycoprotein Activity

MDR! gene expression and function can be regulated by at least four
layers of mechanisms: [i] In chronic selection of drug-resistant cell lines, P-gp
may be overproduced through the amplification of MDRI genes, thereby
increasing its copy number in cells®. However, amplification of MDRI is
uncommon in clinical tumor samples. [ii] Stabilization of MDR mRNA
represents the second mechanism by which P-gp could be up—regulatedg. The
stability of MDRI mRNA seems to be controlled by the presence of AU-rich
sequences located at the 3' untranslated region, which occur in many mRNAs
with short half-lives'. [iii] Post-transtational modifications such as N-
glycosylation and phosphorylation of P-gp may affect its affinity for certain
drugs and change the velocity of drug transport'"%.  Alternatively,
glycosylation and phosphoryiation may also affect the stability of P-gp.
(iv) Perhaps the most important regulatory mechanism of MDRI gene
expression occurs at the transcriptional level. The MDRI gene appears to be
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regulated by an upstream and downstream promoter”*, Studies with the human
MDR! promoter have mainly focused on the downstream promoter. Several
cis-acting elements controlling basal and inducible expression of MDRI by
various extracellular influences have been identified'. Of particular interest is
the Y-box that controls basal expression. In 27 out of 27 untreated primary
breast cancer samples, YB-1 protein, the transcription factor recognizing the
Y-box, was found in the cytoplasm. However, in a subset of tumors in which
P-gp expression was elevated, YB-1 was predominantly localized in the
nucleus. These results suggest that translocation of the transcription activator
YB-1 from the cytoplasmic comgartment into the nuclear compartment is
correlated to the increased P-gp". The underlying mechanisms associated
with transcription factor translocation are not yet determined.

2.3 Clinical Relevance of MDR1 in Cancer
Chemotherapy

The role of MDRI expression in conferring drug resistance has been
conclusively demonstrated in cultured cell systems. However, its clinical
relevance in cancer chemotherapy has not yet been as conclusive. Correlation
between levels of MDRI gene expression in tumors and treatment outcome
for patients has often been used as a first criterion to assess the clinical
relevance. Yet, multiple layers of complexity are associated with this general
approach. First, a reliably qualitative and quantitative method has to be
employed. The probes used should detect MDR1 without cross-reaction with
MDR2, which confers no resistance to antitumor agents. As most detection
methods have strengths and weaknesses in their own right, it is advisable to
use combined detection methods so that the results can be cross referenced.
Second, sequential samples prior to and after chemotherapy have to be used.
This approach would establish correlation between P-gp expression with
response rates of chemotherapy. Unfortunately, many published studies in the
literature relied on static, single point in time analyses. To substantiate the
role of MDRI in clinical drug resistance, it is also necessary to determine
whether modulation of MDRI expression would alter drug sensitivity in
clinical trials using MDR1 reversal agents.

231 Significance of MDRI expression in hematological ncoplasms

There is a significant association of MDR1 expression with poor outcome
of chemotherapy in the treatment of acute myeloblastic leukemia (AML),
multiple myeloma (MM), and non-Hodgkin’s lymphoma. Many studies have
documented a positive correlation between MDRI1 expression and either
decreased remission rates or refractory disease in AML'*". P-gp-mediated
drug resistance may be particularly important in the mediation of
chemotherapy responses in older patients with AML, a subpopulation that
traditionally responds poorly to chemotherapy. An analysis of 211 patients
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with AML aged older than 55 years showed that both MDRI protein
expression and altered drug efflux frequently occurred in leukemia cells'®. In
several publications, the MDR phenotype is also linked with an increase in
early deaths during treatment'”. The MDR phenotype is more frequently seen
in CD34" leukemias, and co-exgression of P-gp and CD34 identifies a
subgroup with very poor prognosis 02t

In acute lymphoblastic leukemia (ALL) patients, the incidence of MDRI
over-expression is relatively low compared with that of AML, with a
conservative estimate of 10-15% at diagnosis and 34% at relapse™. Although
the MDR phenotype is not common among ALL patients, it occurs in certain
poor prognostic subgroups of ALL, including adult ALL%. The majority of
studies have concluded that MDRI1 expression is not predictive of treatment
failure. However, a recent study with 102 newly diagnosed childhood ALL
cases found that P-gp expression is-an independent prognostic parameter of
dismal outcome®*.

Although several MDR mechanisms exist in MM, a correlation of MDR1
over-expression and failure of chemotherapy has been observed in most
studies with MM The incidence of P-gp over-expression usually is low at
diagnosis in MM, but increases with preceding anthracycline-vinca alkaloid
treatment. After eight cycles of VAD (vincristine/adriamycin/dexamethasone)
treatment, 85% of MM patients became P-gp positive and 96% of VAD-
refractory patients expressed the MDR phenotype'g'ﬂ. For this reason, MM is
regarded as a model of the drug-induced MDR phenotype and is widely used
to test the effects of P-gp reversal agents.

232 Significance of MDR1 expression in solid tumars

It is a challenge to determine the correlation of P-gp expression with
outcome of treatment in solid tumors, as solid tumors usually contain
heterogeneous cell populations. Moreover, accurate assessment of drug
accumulation in solid tumor cells is more difficult than in hematological cells.
In organs that normally express high levels of MDR1 proteins such as liver,
colon, kidney and adrenal glands, tumors developed in_ these organs are
usually resistant and have a poor response to chemotherapy®. In other tumors,
such as breast cancer, ovarian cancer and sarcomas, which derive from tissues
that normally do not express a significant amount of MDRI, the initial levels
of P-gp are usually low and the primary tumors are responsive to
chemotherapy. However, an unacceptable portion of patients eventually
experience disease recurrence as the tumor cells become highly resistant. In
this group of cancers, multidrug resistance is often an adverse prognostic
indicatorzg'zg. A disease-oriented review of the correlation of MDRI
expression and clinical drug resistance in several major solid tumors is
presented befow.
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In lung cancer, the most common malignancy in North America, most
patients initially respond to chemotherapy but ultimately relapse and have a
poor response to salvage regimens. Yokoyama et al, > immunohistochemicaliy
examined P-gp expression in 159 non-small cell lung cancers and found a
significant association of poor prognosis and P-gp expression. An earlier
study® of sequential samples of 31 small-cell lung cancer patients also
reached a similar conclusion. In contrast, the result of a Japanese study of 87
lung cancer patients suggested that MDR1 gene is not associated with tumor
progression and drug resistance®®. Most patients with metastatic non-small
cell lung cancer do not respond to a regimen containing etoposide and
cisplatin, which are not P-gp substrates. This suggests the existence of
alternative drug resistance mechanisms. Consistent with this is the finding that
MRP is generally involved in drug resistance in lung cancers™.

As in lung cancer, the clinical significance of MDR1 expression in breast
cancer is also a topic of great controversy. Studies with samples from 127

: . 34 + 29
primary and 8 locally relapsed breast cancer patients™ and a meta-analysis
agreed that MDR1 expression in breast cancer is associated with a poar
response to chemotherapy. Based on immunochemical analysis with three
monoclonal antibodies and RNAse protection analysis of 92 primary and 12
metastatic breast cancers, Linn et o * also concluded that P-gp expression in
tumor cells has prognostic value in primary breast cancer and is likely to be a
marker of a more malignant phenotype. Similarly, Gregorcyk er al.®® also
found that P-gp is frequently expressed in patients with untreated breast
cancer, with P-gp positive patients being at significantly greater risk of
disease recurrence. However, a well controlled study by Lizard-Naco! et al.
with sequential tumor samples from 75 patients could not establish an
association between MDR1 expression and clinical outcomes. The report of
Hegewisch-Becker et al.®® suggests that the contamination of lymphocytes,
which express P-gp, can be a potential problem with those studies using RT-
PCR as their principle approach to measure MDR 1 expression.

Studies of hepatocellular carcinoma generally agree that the
chemotherapy response is inversely.related to P-gp expression™. Childhood
solid tumors, including sarcoma and neuroblastoma, have provided the best
evidence for a strong correlation of the expression of P-gp with
chemotherapeutic outcome®,

233 Clinical trials using P-glycoprotein reversal agents

Since over-expression of P-gp was identified as a drug resistance
mechanism, a variety of compounds have been investigated for their ability to
reverse the P-gp-mediated MDR phenotype. These compounds are mostly
substrates of P-gp, thereby competing with the available P-gp in transporting
antitumor agents,

The first generation of MDR reversal agents, such as verapamil, quinine
and cyclosporines, have been shown to greatly increase the sensitivity of
resistant leukemia cells to cytotoxic agents both in vitre and in vivo. However,
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serious cardiac effects or immunosuppressive actions limit the utility of these
MDR modulators®’.

The second generation of MDR-reversing agents, exemplified by R-
verapamil and PSC-833 (also known as valspodar, a cyclosporin analogue),
are much more potent MDR inhibitors, but have less side-effects than their
parental compounds. Early studies using R-verapamil in Hodgkin’s or non-
Hodgkin’s lymphoma patients showed remarkable improvement in response
to chemotherapy™>®. In vitro experiments indicated that PSC-833 interacts
directly with P-gP with high affinity and probably interferes with the ATPase
activity of P-gp™’, Phase I/II trials with PSC-833 showed that it could be
safely administered in combination with different chemotherapy regimens
after dose adjustments of cytotoxic drugs that are P-gp substrates ! PSC-833
has been intensively tested in patients with AML, MM, and non-Hodgkin's
lymphoma, and the results are quite promising. In 1999 alone, there were
about 30 reports dealing with the clinical testing results of PSC-833, with
most of them focused on the effect of this compound on hematological
neoplasms. In a multicenter study®, 37 patients with poor-risk types of AML
were treated with PSC-833 plus mitoxantrone, etoposide, and cytarabine
(PSC-MEC). Overall, post-chemotherapy marrow hypoplasia was achieved in
33 patients. Of these, 12 patients (32%) achieved complete remission and 4
achieved partial remission. The resuits from a Southwest Oncology Group
Trial in patients with poor-prognostic acute leukemia are also encouraging. In
this trial, 226 patients were randomized to receive chemotherapy with or
without the P-gp antagonist cyclosporin A% In patients treated with
cyclosporin A, the relapse-free survival at 3 years demonstrated a significant
improvement (43% versus 10%, P=0.033). However, definitive clinical
benefits of using MDR modulators in hematological malignancies still awaits
the results of ongoing randomized Phase III trials.

In solid tumors, the clinical trial results have been largely disappointing‘".
MDR modulators could reverse the MDR phenotype in cultured multicellular
tumor spheroids®®; but the results of clinical tests in renal cancer, colorectal
cancer and breast cancer patients have been mostly negative’**’. Among
solid tumors, perhaps the most promising data are for ovarian cancer. Two
studies involving patients with refractory ovarian cancer have shown some
benefits of PSC-833°2,

There is an appealing opinion -that a strategy aimed at preventing the
emergence of drug resistance is more likely to be successful than MDR
reversal interventions. Consistent with this concept are reports by several
research groups’™® that the addition of P-gp antagonists in the initial
treatment of cancer showed an advantage in preventing the MDR phenotype.

In addition to its role in cancer chemotherapy, the expression of MDR1
may have prognostic value: {i] Baldini ef al > reported that increased levels of
P-gp in osteosarcoma were significantly associated with the decreased
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probability of patients’ remaining event-free after diagnosis. These
investigators also reporfed that patients whose tumors had high levels of P-gp
had a 2-fold higher relapse rate than those with P-gp-negative tumors. In othes
studies, it has been reported that the incidence of P-gp over-expression was
higher among patients with localized disease at clinical onset than in patients
with evidence of metastases™”. [ii] Elevated P-gp expression has been
.correlated with a subpopulation of colorectal cancer patients who developed
vessel invasion and lymph node metastases™. [iii} In primary breast cancer,
elevated” expression of P-gp has been associated with shorter survival of
patients with locally advanced breast cancer®, fiv] From a study to determine
whether P-gp over-expression has a cause-effect relationship with the reduced
metastatic potential of tumor cells, Scotlandi er a/° reported that AMMDRJ-
transfected osteosarcoma cells were completely unable to grow as lung
metastases in athymic mice, in contrast to the untransfected controls. These
resuits suggested that P-gp over-expression is causally related to the low
malignant potential of osteosarcoma cells. [v] According to Takanishi ef al®,
P-gp expression was inversely correlated with the proliferative activity of
human hepatocellular carcinoma (HCC). These investigators reported that
human HCC presenting higher levels of Ki-67 expression had low levels of P-
Bp expression; whereas in those showing low levels of Ki-67, levels of P-gp
expression were high. These observations, if proven, bear important clinical
implications. P-gp levels may be a prognostic marker for selecting a subgroup
of cancer patients who require more aggressive chemotherapy; also the idea of
using P-gp modulators to enhance chemotherapeutic efficacy may have to
take into account that down-regulation of P-gp may alter a tumor’s aggressive
potential. Further investigations in these areas are warranted.

Finally, it is important to note that the clinical MDR phenotype may
involve multiple mechanisms that could co-exist in solid tumors. Only by
careful determination of the expression of P-gp at various stages of the
treatment, and by combined pharmacokinetic analyses of MDR modulators
and antitumor drugs, can treatment outcomes be evaluated for the effects of P-
gp expression. Nonetheless, the ‘results thus far collected suggest that P-
expression may play a role in the treatment of certain types of cancers,
depending upon tumor types, treatment regimens, and patient population.

3. MULTIDRUG RESISTANCE-ASSOCIATED
PROTEIN (MRP)
31 The Biology of MRP

Over-expression of MRP1 has been identified by riolecular cloning from
a non-P-gp MDR phenotype in cultured cells**. In addition to MRPJ, other
MRP homologues designated MRP2-6 have been identified by expressed
sequence tags or by using low-stringency hybridization screening conditions.



