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Multidrug Resistance of Acute Leukemia and ABC Transporters

Toshiko MOTOJI and Yan-Hua WANG
Department of Hematology, Tokyo Women's Medical University School of Medicine

Although the clinical outcome of acute leukemia (AL) has been improved by recent progress in chemother-
apy, it is still difficult to treat. One of the major problems is drug resistance of leukemia cells to chemotherapeutic
agents. Although drug resistance is caused by multiple mechanisms, a representative cause of drug resistance is
the ABC transporter such as the multidrug resistance gene (MDR1) and its product, P-glycoprotein (P-gp). The P-
gp has a transs-membrane structure, and its function is drug efflux. The P-gp is expressed in 20-40% of AL pa-
tients, and strongly expressed in patients with subtypes M4 and M5, an older age, and overt leukemia from myel-
odysplastic syndrome. The P-gp is highly expressed in leukemic cells which have an immature phenotype and
unfavorable chromosomes. In P-gp positive leukemia cells, intracellular daunorubicin concentrations are low, and
this leads to low drug sensitivity. Patients with P-gp positivity have a low remission rate and show short overall
survival; thus, P-gp positivity is thought to be a poor prognostic factor. In vitro, multidrug-resistance reversing
agent recovered drug sensitivity of leukemic cells. In clinical trials, however, the effectiveness of a multidrug
resistance-reversing agent such as cyclosporine or zosuquidar is not satisfactory. A basic study on suppressing
the function of ABC transporters is necessary for clinical improvement.

Key Words: acute leukemia, ABC transporter, multidrug resistance, P-glycoprotein, multidrug resistance revers-
ing agent
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A TR ORENELR > THELLEELD
nTwb, MK ATP binding cassette (ABC) +
TV AR—F —DRF, Ml E AN OO R,
DNA BEREORE, 7R M=V AT, MiliE
BT FVOREREDBDHITONE. KFTIE ABC
bV AKR—F — DT HRER LT DI E
AT\ B multidrug resistance 1 (MDR1, ABCB1) &1z
FEYWTH 5 P-glycoprotein (P-gp) & HuLMZ, i
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I —=ZHhRTEY, BE Y EHEOEALMON
TWAY, ATP &N & EEOMBE @K N 2 4
VEBTAEEE DD, ) LEXPFHICEST S
ABC + 5 v AR—% —@IrFiX 13#% (ABCA2,
ABCB1, ABCB4, ABCB11, ABCC1-6, ABCC10,
ABCC11 ABCG2)F##£§ 5. ABC M7 VY AK—% —
MR OFH 2 MEANRAL TR 2R, £
DFERMBAEDOGE I ITHBEPIREME T L, #&
Fe L CEAMEAREIRTS. ABC FJF Y AF—
=D N TEDOBREIRDHAL LI R > TS D
D3 Pgp ThbH. FDOMIZIX ABCG2 Bzt LD
W) T 5 breast cancer related protein (BCRP),
ABCC1 # 1= T @ Y T » % multidrug resistance-
related protein (MRP1) 7 &28, PuASAEIIKT 5
WAL BT 5 2 EASBHL T3,

2. ABC b T > ZAR—2—DIEE L #EE
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P-gp (355 7 Pt ik Rl 211 I B 5 5 £ H
P#E(=T MDRI ODEYTH Y, MRKRICHFET S
170kd DBKEEHTH 5. 12 OFREBEHEEIH
D, 2200 ATP¥AEHMEET A (Fig. 1). TO&
HIZATPOZALVF -2 fIH L CREAERICHE
5o TEFZMBEANRIT 2Ry 7L LT
20 ThRL, MBEREIOHFAASLD LT LEHE
HWIRLCTHBRBI~NOBITE DHET AL ET
B2,

P-gp ®EHiL, MDR1 5T 70 E— & —#HEBO
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Fig. 1 Structure and function of P-glycoprotein
This model shows that P-gp-mediated efflux transport
of drug substrates can occur at the level of the plasma
membrane or from the intracellular compartment.
ATP, adenosine triphosphate; ADP, adenosine diphos-
phate; Pi, inorganic phosphate.
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FAASE B LT v A MRP1 i Cole 5712 & o THE
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Table Intracellular Daunorubicin/Rhodaminel23
(DNR/Rh123) Content of Blast Cells (Relative Mean
Fluorescence Intensity) With and Without MS-209*

P-gp positivity, %

DNR/Rh123
<20 20 to 40 >40
No of samples 13 11 9
DNR accumulation
DNR 421+154 2701157 252+1L1T
DNR +MS-209 388+116 3331408 392+16.68
DNR retention
DNR 155+6.6 85+44F  100=377F
DNR + MS-209 157+66 10053 165758
Rh123 accumulation
Rh123 106103 83%27 9487
Rh123 + MS-209 11.0+11.3 88=%57 85+72
Rh123 retention
Rh123 81+6.9 33+347F 06=04%
Rh123 +MS-209 75+56 84+6.18 79+578

*MS-209 is a compound synthesized in Japan as a multi-
drug resistance-reversing agent. This compound inhibits
the action of P-glycoprotein (P-gp).

T %Significant when compared with results obtained for
P-gp~ (<20%) blast cells; TP<0.05; $P<0.01.

§|Significant when compared with results obtained for
blast cells without MS-209: § P<0.01; || P<0.001.

X720 TWBA, 7)) 7 XL Ih LTk
DR, TOHRTPgp L BL 5.

3. BMRMIBICHTBABC bT 2 AKRK—%—
DB

AN EHMEBAMIA (acute myelogeneous leuke-
mia : AML) M2 Ti&, FHEERE, EFD 20~40% (2
P-gp MEI LT3, P-gp DRBHHEIIH 8% &
NRTREL?, —HEBETIIEW. FABZET
AbHE M3REM) ¥/ I Tl P-gp BHH
WL, M4, M5 TREVWI EFHLENTVWS. R
MIEE & OBHEIZD W T CD34 % CD7 @ ka4
B2 P-gp BHBIA L 0. F 72 TR E IMLE R re-
fractory anemia with excess of blasts (RAEB),
RAEB in transformation (RAEB-T), &5 #HEk
HHMFE R E, HEEICAEAIRICBITT 255
2 B K E % B (myelodysplastic syndrome :
MDS) DML P-gp FEBUHED R . S HICARZ
THREMEET D 5HL 7T HEORBMAERYE, 2L 2E-
5 -7 7% ExFOERICIE P-gp BEBHENE LY, ¢t
(15:17), t(@:21) % ERFLTFHREMET L L S
N5 REERE 2 H T HIES Tl P-gp BHHE R
v,

B Z 7 Ve Y v ki —E R HRE
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Mean D10 value: )
C-MS-209:  6.3%107M  13x100M  2.3%10°M
®+Ms-209:  5.6x107M  6,0x107M  4.2x107M

Total: n=10 n=10 n=8§

Fig. 2 Daunorubicin sensitivity (the drug concentra-

tion that decreases the colony number to 10% of the
control [D10]) of leukemic blast progenitors with and
without MS-209 and P-gp positivity.
On incubation with MS-209, the D10 ratio increased
2.2-fold in the low-grade P-gp+* group and 5.5-fold in
the high-grade P-gp* group, whereas the D10 ratio
did not increase in the P-gp~ group. O, D10 values
in the absence of MS-209; @, D10 values in the pres-
ence of MS-209. S indicates significant; NS, not sig-
nificant. (From Wang YH et all®)

T, MBEARYY I VE Y Y OBERHIET S L,
P-gp BatEMIRE Cid P-gp BBMEMBICIEXTS 7 2 v
Y v OMBNREE DA B < B mEHRE s Pihs
AFEIZH LTt % 7R3 (Table) . BT o= —
EEREWT, BB OHUA A% O FEH]
SHARRL L, au=— 2T 5 HIEAEETE
HMRIZ BT P-gp FatEMife <l B 12 ek
L CEARZEIME Y (Fig. 2)".

I 9 14 o M A i IE R o i E R R & TR AR IS
CD34+CD38-DMifa Rk m L& %/ L"", MDRI
ZEHIE AML @ 80% ML EDFEBIZA SN, ABCG2
B X ABCCI1 BIEFd PHLL EOREFIIHEBLL T
WBZEPHEIN TS, 7&75%%1%%5!%‘4%2
B A & S b CD34+CD38—-CD123 + 4
T, P-gp, BCRP, MRP ORI &K b EHW?. Li L
A, FOHMRHEMRICEIT S P-gp X MRP1
DOFEBBEL, EFEMBEMRBICIBITILENL D%
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BICHET 5 L AFITEN?,

4. AMRHABICE TR ABC FI o AFR—%—
DFEIR & BRI

P-gp OREBIRE L IERE L OEE AL L, 5
SEFRFRIE P-gp BUHBECHLIE L, Pgp BH
PITEEBOEALKE R L% v (Fig
3V FIEREFE T EMIIA o 7ES Tl A MR
Ja DNR iR A  BRICAD LT WIREICDH -
7z. CD34+CD38— o A Iy &z 418 T 3 MDR1
AR T%° BCRP1 B FHIDE VIS TIXEMFIC
AW EFREYEN TS, ZDLHITH
ABIE T P-gp DFFEIEREADOHS % AR
THRNGERFE V) T EHNTES.

E 512 P-gp FBLHI T I3 417 11 1 R0 40 955 A= 77 30 1
PEBICECWY. lEMRORGREE BffnS
S UOHEOFERICRBZ B> THRITT AL, Pgp
BB TIIARZICD AIRMIEY % REFET A 0E
BIBAERIIEL, BREFIECAFHM LAV, &
HTIEPgpDEH LD D Pgpouy I VP
RETEHAI R L LD BIET 5 L OF|ED L,
P-gp BREEDTLHE L TW A ER TIRREFERENEFEEI
KEZRTEOME"HH 5. S5 Pgp DAL
53, ABC M Y AR—7 —LAKDEEZRIETE
5 JCL7 vEAH L) IEREIC MDR ¥ B$ 5 DI
YT whreEZ oM, EFERAEZRT
AMLEBITIZJCI7 v &4 # HWHlllE L 72 ABC
T YAR— S —FEEAP L2 FHRETTHY,
EMEDSE VIES CIZAEFFIB ARV C L s S h
727,

FFERFIZIE P-gp ORBUHESSH ML TW 2 26
POV TIE—EDRBEFR LN T VRN, FE
O OMFT T FEREICILER L T HRHE I P-gp A%
5 L CWHEMIZERFAOK PRI AL NI, B
BEOBGMHALIHEME~NLELRIILTVE
Ve,

MDR1 B15F O —3E LRI P AZE O M
BEAEATHI D, —HELRN AML OFE#E
BRI HEEZRIZTOTREVWIEEZONRS.
HE, exon26/3435 A% wild type T# 5 CC homozy-
gous ZRTHEETIEIMDO ¥ £ 7L R TEFERH
L, BREFNBCI EFIREINTVEY, 20k
RiZPgp O —EHELRE D T BB~ ORSHEZ L
AT AEELZRNFTHAEILERLTVAS.

H L% 1231 %5 BCRP DR ERICO VT,
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Fig. 3 Remission rate in AL patients and P-gp posi-
tivity
The complete remission rates decreased in parallel
with increasing P-gp-positive percentages.
Data listed above the bar indicate the number of pa-
tients who entered remission out of total number of
patients. (From Motoji T et all®)

KK, FAFHEMNEBVERE SN, BREEIZY
BCRP O¥AsE s hTwa?, HEICBIT5
MRP1 OFH & EHEICER FRIZOVWTIEE—ED
BREMEON TRV, BHLTWAERNTIEF
BUEWETIHEDTPL VL) TH 5.

5. AMFEMIRICHT 3 mERRE

P-gp Bt O PLAE RT3 B % M B L 36
AEZEEZ RO 5K, ThbHERREICOW
THR R CRRRM IR R & Bbh b it
FIREDOFEATH S, BRICIH SN TE 22T
JREE1X P-gp LG L TEHOPHE T T Y 255
ERZRD, TNICX > CTHIBRERERELZED 5
bOTH5., MHEEREE LTHRTHESAZ:F
7 ) ALEWTH B MS-209 12D\ T in vitro T
PaiRah R %2 WeTd 5 &, P-gp M IC MS-209
iy VAR EE N R E 7)1 Nl N @ i N E S-S
BRAEEIZEL o729, Table CRT EHICF Y
JNVEY Y, u¥ I rofifaNeas &L Pgp B
EPBLBBIZONTEAT DA, & 212 MS-209
ZIRMT % & P-gp U HVEETDH Pgp Bl
MM UEEICETHRRAYY 2 vEY Y, by
IVEAEEREMEE. WM IREOR R A
0 = — k% H 7o I R SR B 0 SR A R
HIZOWTHEBETIEFICERTH - 72" (Fig. 2).
i HiEE LT MDRI 7 ¥ F 1Y R X 5 Pgp i
WIS AR IR FETH D, in vitro TIXE
WETREDE STV B9 (Fig. 4).
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Fig. 4 The percentages of P-gp-positive cells in AL
leukemia cells before and after antisense oligonucle-
otide treatments. (From Motoji T et al!®)
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DIERN 226 NICH LKEY Y Iy, FY I vEY
vEEREL, MERREE LTIy 7 axR) V2
AL7-d0T, BRERZY 70K VIR
PEHREDI33% X1 39% LA EBEETRD LN Do 72
bOD, FEHIRISHED47% % 31% LB L, HERF
BRNE, 24FNE MR LERICE
FLA FEIAZ MDSIZDOWT V¥V, 3
bEF Y b I X ALEREICIERY = — % 2 i)
PR L U TG L B HER T, P-gp B
FEBIZRR o TAH B & EALAFRHPIERF = — FOF R
XFIEDEFEE - 52% K 18%, &AM PRMED 13
A A8 AL TN EEFHMOERIADL
h, EELFHIN, SRR S IEOFHEICHBL
THABECTEBICEE LAY, Ly LitRREL
AT EAEGHMIER Lo/l v ) HiEd
ALNEYY LWERIMBEON T RWEBADO DL
2iE, Y7 RAKY) R PSCE33 AT 5 & PLE
FOMA 25 DM LILFRENEL 2D,
HEIHESTTLE) L THB.

B, BIZENT2Pgp i X ) BRIMEO B VETH
H|, zosuquidar (VAFF)) 1&, P-gp DEGL
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RIS ETHRARDOMAEE* B I E RO
T, PUEBEOBEZEZ D ULEMNL . invitro TP-
gp (X 90% DL EHHI &N, AMLIZF Y Ve Y ¥
EVI GV ERBBIIVRAF N EHRE LIERT
X, 11/16 Bl & SR ICEEBEMIBFONIZL v IH K
EILH LD, —HTIEAML & A Y 227 MDS
TYAFTNVEHRG L THAFRIIARETL
Dot THHEYLH L. TORREIZOVT, VA
¥ VTR D T P-gp OWEIIAR 5T
HBHWEEN, 72V A F ¥ )Vid MRP1 % BCRP O#%
BBIXEELZ2VOT, WEERSEE LTEAT45
Tholz gl Twsd, ABC TV R
K= —RBEBGEETHDOT, —D2OHEHFERE % I
L CHIpsARIMOPBEEEZFHETS X512
BOARTS OIS Lk, BEVEFED b5~
AR =% — % RRICHHE T 5 EHA & LT VX710
(Biricodar) % GF120918 (Elacridar) 7z &AHFE &
NTETBY, 20X LHEEANEZHVEHE
bUETHAY. $72Pgp DRBEEWHT 55T
R EIE R P-gp OVEM % BLE § 4 tipifarnib 7%
EDBOSBBEISHIREEINS.
b

EHIHEDORENLZEFTHS ABC FT VR
R—%—, Thbb Pgp & PFLICEMA MR
TAHHET TOMRZRR. BHAMKIZBNT
P-gp ® BARMMEICEE$ 2 M RIZH L 0% o 7245,
EEMNEAOESIIOWTIEHIZHLMIEhTY
v, BRI COMERREORRIT W F 2R+
5THY, ABC b5 ¥ AR— 7 —OBEEHIFHIZOW
TORBHLGMEEZEDD LD, X VE»DOE
B 2 W SR DRSS o b o L T
5.
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