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The multidrug resistance protein (MRP) is a drug
efflux membrane pump conferring multidrug resis-
tance to tumor cells. Clinical trials have been under-
taken to improve the effectiveness of chemotherapy by
adding an MRP inhibitor to the treatment regimen.
This study attempted not only to determine novel re-
sistance mechanisms in MRP-overexpressing AML
cells (AML-2/DX100) by chronic exposure to doxorubi-
cin in the presence of an MRP inhibitor probenecid
but also to find out whether probenecid could increase
MRP levels. AML-2/DXPBA cultured in the presence of
probenecid (600 wM) and doxorubicin (100 ng/ml)
showed a higher level of the multidrug resistance
(MDR) phenotype when compared to AML-2/DX100.
AML-2/DXPBA showed increased levels of MRP com-
pared to those of AML-2/DX100. Probenecid increased
the MRP levels without an increase in MRP mRNA in
AML-2/WT in both a time- and dose-dependent man-
ner. Of the MRP inhibitors including probenecid,
ofloxacin, erythromycin, and rifampicin used in this
study, only probenecid showed a marked chemosensi-
tizing effect in AML-2/DX100 but not in HL-60/Adr, sug-
gesting that the chemosensitizing effects of the MRP
inhibitors vary according to the type of resistant cells.
The maximum noncytotoxic concentrations of these
MRP inhibitors increased the MRP levels to various
degrees in both AML-2/WT and HL-60/WT. However,
the chemosensitizing effects of the MRP inhibitors
were not correlated with their MRP-increasing effects.
Altogether, MRP inhibitors such as probenecid have
been shown to function as a double-edged sword, in-
dicating that they are not only an effective chemosen-
sitizer of MRP-associated MDR tumor cells but also an
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MRP activator. Therefore caution should be taken
whenever using MRP inhibitors to reverse MRP-
mediated multidrug resistance in clinical cancer che-
motherapy as well as when used to inhibit MRP ex-

pression in Vitro. © 2001 Academic Press

The development of multidrug resistance by tumor
cells is a major obstacle to successful cancer chemo-
therapy. Multidrug resistance can be mediated by
overexpression of the human MDR1 and MRP genes,
the 170 kDa P-glycoprotein and the 190 kDa multidrug
resistance protein (MRP) (1, 2). Both P-glycoprotein
and MRP function as transmembrane efflux pumps,
which decrease intracellular drug accumulation,
thereby conferring multidrug resistance on tumor
cells. Many chemosensitizers have been developed to
overcome the multidrug resistance mediated by the
P-glycoprotein and/or MRP. Verapamil and cyclosporin
A are well-known chemosensitizers that inhibit
P-glycoprotein-mediated multidrug resistance, and
consequently increase sensitivity to P-glycoprotein-
mediated chemotherapeutic agents (3, 4). MRP inhibi-
tors include difloxacin (5), the leukotriene LTD4
receptor antagonist MK571 (6), probenecid (7), indo-
methacin (8), the leukotriene LTD4 receptor antago-
nist ONO-1078 (9), pluronic block copolymer (10),
dipyridamol (11), the progesteron antagonist RU486
(12), rifampicin (13), erythromycin and ofloxacin (14).

However, it has been reported that P-glycoprotein
inhibitors do not only inhibit the P-glycoprotein-
mediated multidrug resistance phenotype but also in-
crease P-glycoprotein gene expression. P-glycoprotein
inhibitors, including verapamil, nifedipine, and cyclo-
sporin A increase both the levels of MDR1 mRNA and
its product P-glycoprotein in the human colon carci-
noma cell line, LS180, and its drug-resistant sublines,
LS 180-Ad50 and LS 180-Vb2 (15). From this, it can be
hypothesized that an MRP inhibitor may have an abil-
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ity to increase MRP. A further motivation for this
study was that resistant cells selected in the presence
of an MRP inhibitor might express other novel resis-
tance mechanisms except an MRP or P-glycoprotein,
which cannot completely explain the multidrug resis-
tant phenotypes resulting from a decreased accumula-
tion of drugs. Actually the MCF-7 human breast cancer
cells selected for their resistance to doxorubicin in the
presence of verapamil did not express either the
P-glycoprotein or MRP (16, 17) but expressed the
breast cancer resistance protein BCRP (18). In this
study, probenecid was chosen as an MRP inhibitor
because in a preliminary experiment, it exhibited
a greater chemosensitizing effect against MRP-
overexpressing AML-2/DX100. Probenecid was chron-
ically treated to AML-2/DX100 in the presence of 100
ng/ml doxorubicin and this subline was named AML-
2/DXPBA. AML-2/DXPBA showed an increased MRP
level than AML-2/DX100. Therefore the effect of pro-
benecid on the increase in MRP levels was further
investigated.

MATERIALS AND METHODS

Culture and selection of resistant cells in the presence of both
probenecid and doxorubicin. The OCI-AML-2 line obtained from
the Ontario Cancer Institute (Toronto, Canada) was cultured at 37°C
in a 5% CO, atmosphere using a-MEM medium (Gibco) with 10%
heat inactivated fetal bovine serum (FBS, Sigma). Cells were main-
tained as a suspension culture, and subcultured at confluence. The
previous study revealed that a doxorubicin-resistant AML subline
(AML-2/DX100) overexpressed the MDR-associated protein (MRP)
but not P-glycoprotein (19). AML-2/DXPBA was selected from AML-
2/DX100 by chronic exposure to doxorubicin (100 ng/ml) in the pres-
ence of probenecid (600 uM) over 2 months. The daunorubicin-
resistant AML-2 subline AML-2/D100 were selected as described
previously (20). Doxorubicin-resistant subline HL-60/Adr was used
as the MRP-overexpressing cell (21).

Cytotoxicity assay. The in vitro cytotoxicity of drugs was deter-
mined using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tet-
razolium bromide, Sigma] assay described by Pieters et al. (22). The
50% inhibitory concentration (ICs,) for a particular agent was de-
fined as the drug concentration which results in a 50% reduction in
cell number to the untreated control. ICs, values were determined
directly from semilogarithmic dose—response curves. The experiment
was undertaken, at least, in triplicate.

Effects of chemosensitizers on the growth of AML-2/DXPBA.
AML-2/DXPBA of 2 X 10°/ml cells were plated into a 96-well plate
containing doxorubicin (100 ng/ml) in the presence of cyclosporin A (3
uM), verapamil (20 wM), and probenecid (600 uM). After 3-day
incubation, MTT assay was carried out to determine the effects of
chemosensitizers.

Western blot analysis for MRP and P-glycoprotein. Plasma mem-
brane proteins from the drug-sensitive and -resistant cells were
prepared as previously described (23). Membrane proteins were sol-
ubilized and then fractionated by SDS-PAGE. Western blotting was
performed by a slight modification of the method first described by
Towbin et al. (24). Proteins were transferred onto a nitrocellulose
membrane by electroblotting at a current of 60 V overnight. The
membrane was incubated in blocking solution (5% skim milk) for 1 h
at room temperature, washed, and then incubated with primary
antibodies (diluted 1:1000), C219 (Signet) for Pgp and Mrpr1 (Signet)
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for MRP. The membrane was washed, and incubated with horserad-
ish peroxidase-conjugated rabbit-antimouse 1gG (diluted 1:2000,
Sigma) for 1 h. The membrane was then stained using the detection
reagent of the ECL detection kit (Amersham). Protein concentration
was determined with a Bio-Rad protein assay kit and standardized
with bovine serum albumin.

RNA extraction and reverse transcription-polymerase chain reac-
tion (RT-PCR) assay. Total RNA was extracted from cells using the
acid guanidium thiocyanate-phenol-chloroform method (25). MDR1,
MRP and B-actin mRNA transcripts were detected using the RT-
PCR assay. MDRL1 expression was detected with 3" and 5’ primers
corresponding to nucleotides 1179-1201 and 907-930, respectively,
of the published cDNA sequence (26), yielding a 295-bp PCR product.
MRP expression was detected with 3’ and 5’ primers corresponding
to nucleotides 4551-4568 and 4180-4197, respectively, of the pub-
lished cDNA sequence, yielding a 389-bp PCR product. p-actin ex-
pression as a control of the RNA amount was detected with 3’ and 5’
primers corresponding to nucleotides 2392-2412 and 1912-1932,
respectively, of the published cDNA sequence (27), yielding a 501-bp
PCR product. RNAs from each sample were reverse transcribed
using units of Moloney murine leukemia virus reverse transcriptase
(Bethesta Research Laboratories) and oligo (dT) primer for 1 h at
37°C. The resulting cDNA were diluted 1:5 with water and then were
amplified with 2.5 units of Taq polymerase (Promega, U.S.A.) and 10
pmol of each primers in a GeneAmp PCR9600 (Perkin-Elmer-Cetus)
for 21 cycles (but 15 cycles for p-actin) of sequential denaturation (at
95°C for 30 s), annealing (at 53°C except at 65°C in MDR1), and
extension (at 72°C for 30 s). After the last cycle, all PCR products
were subjected to a final extension for 5 min at 72°C. For quantita-
tion, 5 uCi of [a-**P]dCTP were added to each reaction mixture. After
PCR, PCR products were combined and then electrophoresed on
7.5% nondenaturing polyacrylamide gels. Autoradiographic films of
the RT-PCR assay were subjected to densitometric analysis using a
densitometer (Pdi, U.S.A.). The autoradiograms were normalized
compared with the p-actin signal.

Statistical analysis. Statistical significance of the data was de-
termined by the Student’s t test. P values less than 0.05 were taken
as statistically significant.

RESULTS

Selection of Resistant Cells in the Presence
of Both Probenecid and Doxorubicin

It was suggested that in the presence of an MRP in-
hibitor, the MRP mechanism and possibly the Pgp mech-
anism cannot develop. As a result, the selection of other
resistance mechanisms is possible. P-glycoprotein was
rarely expressed at doxorubicin concentrations <100
ng/ml (19). The doxorubicin-resistant AML subline
(AML-2/DX100) overexpressed the MDR-associated pro-
tein (MRP) but not P-glycoprotein (19). In AML-2/DX100,
the overexpression of MRP resulted from an increased
MRP mRNA level transcribed from the amplified MRP
gene (data not shown). Therefore, AML-2/DX100 resis-
tant to doxorubicin in the presence of probenecid was
selected by chronic exposure of the doxorubicin-resistant
AML subline (AML-2/DX100) to gradually increasing
concentrations of probenecid in the presence of doxorubi-
cin. The probenecid concentrations were used from 300
uM to 600 uM as severe cytotoxicity occurs at concentra-
tions >600 uM even in the absence of doxorubicin. The
doxorubicin-resistant cells selected in the presence of 600
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FIG. 1. The resistance profile of doxorubicin-resistant AML-2 sublines to doxorubicin or vincristine. The doxorubicin or vincristine
sensitivities of AML-2/DX100 and AML-2/DXPBA were determined by an MTT assay as described under Materials and Methods. The data
points are means of results from three separate experiments. Bars, SE.

uM probenecid were designated AML-2/DXPBA, which
appeared to be grossly similar to AML-2/DX100 in cell
size.

The Dose-Response Effects of Probenecid on the
Doxorubicin Sensitivity of AML-2/DX100
and HL-60/Adr

The dose—response effects of probenecid in the pres-
ence or absence of doxorubicin were examined in both
drug-sensitive parental leukemic cells and MRP-
overexpressing resistant cells. The probenecid ICg,s in
AML-2/DX100 and HL-60/Adr, in the absence of doxo-
rubicin, were 860 and 2887 uM, respectively. In con-
trast, the probenecid ICss in AML-2/DX100 and HL-
60/Adr in the presence of 100 ng/ml doxorubicin were
202 and 2680 wM, respectively. Thus probenecid re-
versed AML-2/DX100 resistance to 100 ng/ml doxoru-
bicin in a concentration-dependent manner (data not
shown). However, this was not observed in HL-60/Adr,
suggesting that probenecid has differential effects de-
pending on the type of resistant cells. In addition, the
probenecid concentration that showed a >80% AML-2/
DX100 survival rate in the absence of doxorubicin, was
approximately 600 uM. However, with HL-60/Adr, the
concentration was 2000 uM.

Resistance Profile of AML-2/DXPBA in the Presence
of Doxorubicin or Vincristine

In advance, the AML-2/DX100 sensitivity to doxorubi-
cin and vincristine was determined by using the MTT
assay. Doxorubicin and vincristine were chosen as an
AML-2/DX100 selecting drug and as a good substrate for
MRP, respectively. The I1Cgs of doxorubicin were 22.4
ng/ml in AML-2/WT, 392.9 ng/ml in AML-2/DX100 and
1021.4 ng/ml in AML-2/DXPBA (Fig. 1). With respect to
the relative resistance, AML-2/DX100 and AML-2/
DXPBA resulted in an 18-fold and 46-fold increase in
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resistance to doxorubicin, respectively, when compared to
AML-2/WT. The ICgs of vincristine were 1.13 ng/ml in
AML-2/WT, 3.27 ng/ml in AML-2/DX100 and 12.5 ng/ml
in AML-2/DXPBA (Fig. 1). With respect to the relative
resistance, AML-2/DX and AML-2/DXPBA showed a
3-fold and 11-fold resistance to vincristine, respectively,
when compared to AML-2/WT. The AML-2/DXPBA resis-
tance to either doxorubicin or vincristine in the presence
of 600 uM probenecid may suggest the development of
non-MRP resistant mechanisms.

Effects of Chemosensitizers on the Growth of AML-2/
DXPBA in the Presence of Doxorubicin

Agents such as verapamil or cyclosporin A inhibit the
efflux of anticancer drugs by binding to P-glycoprotein.
These result in a greater intracellular accumulation of
the anticancer drugs, thereby overcoming drug resis-
tance (3, 4, 28, 29). The effects of either P-glycoprotein
inhibitors (cyclosporin A or verapamil) or an MRP inhib-
itor (probenecid), on the growth of AML-2/DXPBA in the
presence of doxorubicin were determined using the MTT
assay. A cyclosporin A concentration of 3 uM, a verap-
amil concentration of 20 uM, and a probenecid concen-
tration of 600 uM were used to completely reverse the
P-glycoprotein or MRP in this study. As shown in Fig. 2,
either cyclosporin A or verapamil completely reverses the
resistance of P-glycoprotein overexpressing AML-2/D100
to daunorubcin whereas probenecid does not. In MRP-
overexpressing AML-2/DX100, verapamil and probenecid
reverse the resistance to doxorubicin in a moderate and
marked degree, respectively, but cyclosporin A does not.
This result is consistent with the result that MRP is less
sensitive than P-glycoprotein to the inhibition effects of
cyclosporin or verapamil (30). At the same time, the con-
centrations of the three chemosensitizers used in this
study did not reverse the resistance of AML-2/DXPBA to
doxorubicin (Fig. 2). However, the resistance of AML-2/
DXPBA to doxorubicin was completely reversed with
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FIG. 2. The effects of chemosensitizers on the growth of drug-
resistant cells in the presence of each selecting drug. The effects of
chemosensitizers on AML-2/D100 and AML-2/DX100 were tested in
the presence of each selecting drug, 100 nM daunorubicin and 100
ng/ml doxorubicin, respectively. The MTT assay was performed 3
days after treatment of the chemosensitizers with each selecting
drug. The data represent an average of triplicate determinations.
Bars, SE; *, significant difference (at P < 0.05) from control values
by Student’s t test. D100, AML-2/D100; DX100, AML-2/DX100;
DXPBA, AML-2/DXPBA; CSA, cyclosporin A; VP, verapamil; PBA,
probenecid.

>900 uM probenecid. This result suggests that the in-
creased resistance of AML-2/DXPBA to doxorubicin only
results from increased MRP levels.

Evaluation of Expression of Resistance Proteins
in AML-2/DXPBA

To confirm if either the P-glycoprotein or MRP was
involved in AML-2/DXPBA resistance to doxorubicin,
P-glycoprotein and MRP expression was evaluated by
both Western blot and RT-PCR analyses. As shown in
Fig. 3A, AML-2/WT expresses a low level of MRP but
not P-glycoprotein whereas AML-2/DX100 overex-
presses MRP but not P-glycoprotein. But AML-2/
DXPBA did not express P-glycoprotein, either (data not
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shown). On the other hand, AML-2/DXPBA exhibited a
higher MRP level than AML-2/DX100 (Fig. 3A). To
determine whether the increased MRP level was due to
a higher MRP mRNA level, reverse transcription-PCR
was performed. The RT-PCR data indicates no MDR1/
P-glycoprotein mRNA expression (data not shown).
The MRP mRNA level increased in AML-2/DX100
when compared to AML-2/WT. However, no differences
in MRP mRNA levels were observed between AML-2/
DX100 and AML-2/DXPBA (Fig. 3B).

Time- and Dose-Dependent Effects of Probenecid
on MRP Expression in AML-2/WT

It was noticed that the chronic exposure to probene-
cid could increase the MRP levels in AML-2/DX100
even in the presence of doxorubicin. We examined
whether the short-term treatment with probenecid in
the absence of doxorubicin could increase MRP in drug-
sensitive parental cells AML-2/WT as a function of
time and concentration. As shown in Fig. 4, treatment
of AML-2/WT with 600 uM probenecid from 6 h to 48 h
shows a steady increase in MRP with increasing time.
AML-2/WT treated with 600 uM probenecid for 48 h
exhibited a 4-fold increase in MRP level when com-
pared to the control. However, the MRP mRNAs levels
decreased slightly with increasing time (Fig. 4B).

The effect of dosage was investigated to evaluate the
effects of probenecid concentrations <600 wM for 48 h
(Fig. 5). This duration of treatment was chosen since
the preliminary experiment indicated a peak increase
in MRP levels after the 48-h treatment. The effects of
probenecid on MRP expression in AML-2/WT were de-
termined as a function of concentration. Four probene-
cid concentrations, 100, 200, 400 and 600 wM, were
used. As shown in Fig. 5, the MRP levels in AML-2/WT
increase with increasing probenecid concentration.
During this time, no change in MRP mRNA levels was
detected when >400 wM probenecid was used although
the MRP mRNA levels increase slightly at both 100 uM
to 200 uM probenecid.
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FIG. 3. The Western blot and RT-PCR analyses for MRP in AML-2/WT and its doxorubicin-resistant sublines. (A) Western blot analysis;
the protein samples were extracted from cells and then 50 ug aliquots of protein from each sample were subjected to 7% SDS-PAGE. The
MRP was detected by immunoblotting with rat monoclonal antibody Mrprl. (B) RT-PCR; an aliquot of RNA was transcribed, and the cDNA
was subjected to PCR using a primer specific for the MRP and B-actin. The PCR for g-actin performed on cDNA is included as a positive
control and indicates that approximately equal amounts of cDNA were loaded for each condition examined.
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FIG. 4. Time effects of probenecid on MRP expression in AML-2/WT. AML-2/WT was treated for 6, 12, 24, and 48 h with 600 uM
probenecid. MRP expression was determined by Western blot (A) and RT-PCR (B) analyses.
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FIG. 5. The concentration-dependent effects of probenecid on MRP expression in AML-2/WT. A dose-response relationship was
determined by evaluating the effects of 100—600 wM probenecid for 48 h. MRP expression was determined by Western blot (A) and RT-PCR
(B) analyses.
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FIG. 6. Effects of various MRP inhibitors on the MRP expression in AML-2/WT and HL-60/WT. The maximum noncytotoxic concentra-
tion (more than 90% of control survival) of each MRP inhibitor such as ofloxacin, erythromycin, and rifampicin was administered to
AML-2/WT and HL-60/WT for 48 h. Subsequently, Western blot and RT-PCR analyses were performed as described in the legend to Fig. 3.
CTL, control; PBA, probenecid; OFLX, ofloxacin; EM, erythromycin; RIF, rifampicin.

used in order to avoid the possibility of preexisting cells
with higher MRP levels being selected. The maximum
noncytotoxic concentrations of the MRP inhibitors in
AML-2/WT were as follows: probenecid 600 uM, ofloxa-
cin 70 uM, erythromycin 45 uM and rifampicin 40 uM.
Probenecid and ofloxacin showed significant and
slightly chemosensitizing effects in AML-2/DX100, re-
spectively. However, this effect was not observed in
HL-60/Adr. In contrast, both erythromycin and rifam-
picin had no effect in either of the two cell lines. AML-
2/WT was treated with the maximum noncytotoxic con-
centration of MRP inhibitors for 48 h. As shown in
Fig. 6, the four MRP inhibitors that were used in this
study resulted in 1.67- to 3.49-fold MRP increase in
AML-2/WT.

Effects of MRP inhibitors on MRP expression in an-
other leukemic cell line HL-60 Multidrug-resistant
HL-60/Adr cells were selected from drug-sensitive pa-
rental HL-60/WT human promyelocytic leukemia cells
by exposure to 100 ng/ml doxorubicin. They expressed
MRP mRNA but no MDR1 mRNA (21). To determine
whether MRP inhibitors had similar effects in another
leukemic cell line HL-60, MRP expression was exam-
ined in HL-60 after treatment with MRP inhibitors
such as rifampicin, erythromycin, ofloxacin, and pro-
benecid. The maximum noncytotoxic concentrations of
the MRP inhibitors in HL-60/WT were as follows: 1000
uM probenecid, 70 M ofloxacin, 400 uM erythromycin
and 50 uM rifampicin in HL-60/WT. After exposure to
the maximum noncytotoxic concentrations of MRP in-
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hibitors for 48 h, the four MRP inhibitors tested in this
study resulted in a 1.13- to 1.83-fold MRP increase in
AML-2/WT without an increase in MRP levels (Fig. 6).

DISCUSSION

AML-2/DXPBA was selected for resistance of MRP-
overexpressing AML-2/DX100 to 100 ng/ml doxorubi-
cin in the presence of 600 wM probenecid. AML-2/
DXPBA showed increased resistance to doxorubicin
when compared with AML-2/DX100 and survived in
the presence of chemosensitizers such as cyclosporin A
(3 uM), verapamil (20 uM) and probenecid (600 uM).
These results suggest no involvement of either
P-glycoprotein or possibly MRP. However, AML-2/
DXPBA resistance to doxorubicin was completely re-
versed by more than 900 uM probenecid. This result
suggests a possibility that increased MRP levels can be
overcome by increased concentrations of probenecid in
AML-2/DXPBA. Western blot analysis revealed that
AML-2/DXPBA increased the MRP level but not
P-glycoprotein. This result mimics the increases in
MDR-1/P-glycoprotein expression after treatment with
the P-glycoprotein antagonists, verapamil, nifedipine,
and cyclosporin A. P-glycoprotein antagonists in-
creased P-glycoprotein expression with increases in
MDR1 mRNA levels (15). Short-term treatment of pro-
benecid also increased MRP levels in drug sensitive
parental cells, AML-2/WT, in both a concentration- and
time-dependent manner. AML-2/DX100 overexpressed
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MRP resulting from the increased MRP mRNA level
following gene amplification. On the other hand, both
AML-2/DXPBA and probenecid-treated AML-2/WT
showed increased MRP protein levels without an in-
crease in the MRP mRNA level. Although the mecha-
nism by which the MRP levels were induced by MRP
inhibitors is unknown, this result suggests that the
increased MRP level may be due to post-transcription
or post-translation mechanisms such as an increased
translation efficiency or increased MRP stability.
P-glycoprotein can influence hepatic expression of
CYP3A or other cytochromes P-450 (P-450s) because
Pgp can transport endogenous regulators of these cy-
tochromes (31). It could be therefore hypothesized that
probenecid, an inhibitor of organic anion transport (7),
may inhibit the transport of endogenous substances
capable of increasing the MRP levels. The exact molec-
ular mechanism remains to be determined.

Of the MRP inhibitors including probenecid, ofloxa-
cin, erythromycin, and rifampicin used in this study,
only probenecid showed a marked chemosensitizing
effect in AML-2/DX100 but not in HL-60/Adr. This
result suggests that the chemosensitizing effects of the
MRP inhibitors vary according to the type of resistant
cells. The maximum noncytotoxic concentrations of
these MRP inhibitors were used to examine their ef-
fects on MRP expression in AML-2/WT and HL-60/WT.
The maximum noncytotoxic concentrations of these
MRP inhibitors increased the MRP levels in various
degrees. However, the chemosensitizing effects of the
MRP inhibitors were not correlated with the effects of
increasing MRP levels.

To overcome multidrug resistance in clinical situa-
tions, many chemosensitizers that inhibit P-glycoprotein
and/or MRP have been developed. Thus far, clinical trials
have been undertaken to improve the effectiveness of
chemotherapy by adding these chemosensitizers to the
chemotherapy regimen. In addition to their clinical use,
chemosensitizers have been used in a strategy to deter-
mine novel resistant mechanisms as the multidrug resis-
tance phenotypes resulting from the decreased accumu-
lation of drugs cannot be completely explained with
P-glycoprotein and MRP. This strategy was motivated by
a recent report showing that AML cells contain a novel
form of an energy-dependent drug efflux mechanism,
which has not yet been identified (32). Therefore, selec-
tion for resistance to doxorubicin in the presence of an
MRP inhibitor may be attempted with the anticipation of
expressing any novel resistance gene(s) except an
MRP and P-glycoprotein. AML-2/DXPBA unexpectedly
showed an increased levels of MRP. Thus such a strategy
should be employed after determining whether or not a
chemosensitizer could increase the resistance protein lev-
els. In the present study, AML-2/DXPBA provided a good
example.

Chemosensitizers for MRP and P-glycoprotein have
their own pharmacological effects. Therefore when
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these chemosensitizers are administered to cancer pa-
tients, their MRP-increasing effects should be consid-
ered with regard to their resistance to chemotherapy.
In particular, probenecid can be used with chemother-
apy to treat hyperuricemia induced by tumor cell lysis
after chemotherapy (33). It should be noted that pro-
benecid can increase the MRP levels, thereby confer-
ring resistance to cancer cells in this situation.

Overall, MRP inhibitors such as probenecid have
been shown to function as a double-edged sword, indi-
cating that they are not only an effective chemosensi-
tizer of MRP-associated multidrug resistance tumor
cells but also an MRP activator. Therefore, caution
should be taken when using MRP inhibitors for revers-
ing MRP-mediated multidrug resistance in clinical
cancer chemotherapy as well as for inhibiting MRP
expression.
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