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MRP is a member of the ABC trafficking proteins
thought to mediate the transport of glutathione S-con-
jugates and amphiphilic natural products. However,
unlike P-glycoprotein, the biochemical mechanism by
which MRP mediates the resistance to cytotoxic drugs
isnot clear. In this report, we describe the interactions
of a quinoline-based drug, N-{4-[1-hydroxy-2-(dibutyl-
amino)ethyl] quinolin-8-yl}-4-azidosalicylamide (IAAQ),
with MRP. Our results demonstrate the ability of IAAQ
to photoaffinity label a 190 kDa protein in resistant
Small Cell Lung Cancer cells (H69/AR) but not in the
parental H69 cells. The photoaffinity labeling of the
190 kDa protein with IAAQ was both saturable and
specific. The identity of the 190 kDa protein, as MRP,
was confirmed by immunoprecipitation with the
monoclonal antibody, QCRL-1. Furthermore, a molar
excess of LTC,, MK 571 or vinblastine inhibited the
photoaffinity labeling of MRP with IAAQ in intact cells
and plasma membranes. Cell growth and drug trans-
port studies showed H69/AR cells to be less sensitive
to and to accumulate less IAAQ than the parental H69
cells. In addition, MK 571 and doxorubicin increased
the sensitivity to and the accumulation of IAAQ in H69/
AR cells. Together, the results of this study show for
the first time the direct binding of unaltered cytotoxic
drug to MRP. Moreover, given the structural similari-
ties between IAAQ and MK 571, we suggest that MK
571 modulates MRP-mediated resistance by direct
binding to MRP. © 1997 Academic Press
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Selection of tumor cell lines with lipophilic antican-
cer drugs often leads to the over-expression of two
plasma membrane proteins, the P-glycoprotein (P-gp1;
(1, 2)) and the 190 kDa multidrug resistance protein
(MRP; (3)). P-gp1 and MRP mediate the transport of
amphiphilic drugs in an energy-dependent fashion (4-
6). Although, the normal substrates for P-gp1 and MRP
transporters remain unknown, tissue distribution
studies have predicted the transport of normal cell me-
tabolites and natural toxins (7, 8). In support of the
latter, disruption of mdrl gene from the mouse genome
was shown to increase the accumulation of drugs in
normal tissues that express high levels of P-gpl (9).
Similarly, disruption of MRP gene from embryonic
stem cells was shown to increase the toxicity of cells
to several lipophilic anticancer drugs and to sodium
arensite (10).

P-gpl and MRP are members of a large family of ABC
trafficking proteins with substrate specificity ranging
from ions to large polypeptides (11, 12). Although, P-
gpl and MRP share certain structural and functional
homologies, important differences exist between these
two proteins (3). Among these differences are MRP and
P-gp membrane topologies (13, 14) and substrate speci-
ficity (5). Regarding the latter, conjugation of amphi-
philic drugs with glutathione has been shown to be
predict their transport by MRP (15, 16). Furthermore,
the recent findings that both LTC, and the photoactive
glutathione conjugate, S-(p-azidophenylacyl)-glutathi-

SDS-PAGE, Sodium dodecyl sulfate polyacrylamide gel electrophore-
sis; ABC, ATP binding cassette.
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one, interact directly with MRP suggests the presence
of GSH recognition site (17, 18). By contrast, attempts
to identify common structural moieties that predict
drug binding to, and transport by P-gpl have thus far
been unsuccessful. Some common physical-chemical
properties of drugs that interact with P-gp1 have been
proposed and include planar benzene rings and a cat-
ionic charge, in addition to lipophilicity (19-21).

Besides glutathione S-conjugated compounds, MRP
has been shown to mediate the resistance to other cyto-
toxic drugs (5, 6, 15, 22, 23). However, unlike P-gp1,
which has been shown to interact directly with cyto-
toxic drugs; it is not clear if MRP binds directly to
unaltered cytotoxic drugs. In this report, we demon-
strate a direct and specific binding of a photoactive
quinoline-based drug (IAAQ) to MRP in MDR SCLC
Cells (H69/AR). Moreover, we show that the photoaf-
finity labeling of MRP with IAAQ occurs at a biologi-
cally relevant site as determined by drug transport
studies and inhibition of photoaffinity labeling with
known substrates of MRP.

MATERIALS AND METHODS

Materials. lodine-125 (100.7 mCi/ml) and [***I]-iodoarylazidopra-
zosin (2200 Ci/mmol) were purchased from Amersham Biochemical
Inc., (Mississauga, Ontario, Canada). Protein-A coupled Sepharose
was purchased from Pharmacia Inc., (Montreal, Quebec, Canada).
The LTD, receptor antagonist MK 571 was kindly provided by Dr.
A.W. Ford-Hutchinson (Merck-Frosst Centre for Therapeutic Re-
search, Point Claire-Dorval, Quebec, Canada; (24)). Leukotriene C,
(LTC,) was purchased from Cayman Chemical Co., (Ann Arbor, Ml).
The Small Cell Lung Cancer cells (H69 and H69/AR) and the MRP-
specific monoclonal antibody (QCRL-1) were kind gifts from Dr. Su-
san P. C. Cole (Cancer Research Laboratories, Queen’s University,
Kingston, Ontario, Canada). The monoclonal antibody C494 was a
generous gift from Dr. Victor Ling at British Columbia Cancer Center
(Vancouver, Canada). All other chemicals were of the highest com-
mercial grade available.

Cell culture and plasma membrane preparations. Drug sensitive
(H69) and resistant (H69/AR) cells were grown in RPMI 1640 media
containing 4 mM glutamine and 5% fetal calf serum (Hyclone). Resis-
tant cells were cultured continuously in the presence of 0.8 uM of
doxorubicin; however, cells used for drug transport studies were
grown in drug-free media for ten days prior to the date of the experi-
ment. Plasma membranes from H69 and H69/AR cells were prepared
essentially as described by Lin et al., (25). In brief, cells were collected
by low speed centrifugation and washed three times with ice-cold
phosphate buffered saline (PBS), pH 7.4. Cells were homogenized in
50 mM mannitol, 5 mM Hepes and 10 mM Tris-HCI, pH 7.4 (con-
taining 2 mM PMSF and 3 ug/ml leupeptin) in a Dounce glass homog-
enizer. Calcium chloride solution was then added to the homogenate
to a final concentration of 10 mM and mixed by stirring to ensure
even distribution of the cation. The slightly turbid supernatant solu-
tion that contains plasmalemma vesicles was precipitated by high
speed centrifugation at 100,000 xg for 1 hour at 4°C using Beckman
SW28 rotor. The enriched plasma membrane pellet was washed with
10 mM Tris-HCI, pH 7.4 and resuspended in the same buffer con-
taining 250 mM sucrose. Membrane fractions were stored at —80°C
if not immediately used. Protein concentrations were determined by
the Lowry method (26).

Radioiodination of IAAQ and photoaffinity labeling. The synthe-
sis of photoreactive drug (IAAQ) has been previously described else-
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where (27). lodination of IAAQ was carried out in the dark. Briefly,
IAAQ (10 nM) was dissolved in 20 ul of dimethylsulfoxide (DMSO)
and mixed with 10 pl of carrier-free Na*®*I (1 mCi, 0.5 nmol) and 10
wl of chloramine T (10 nmole) in 1 M K,HPO,, pH 7.4. The reaction
was allowed to continue for 5 minutes and was stopped by the addi-
tion of sodium metabisulphite (50 ul of 5% (w/v) solution). The reac-
tion mixture was loaded onto a Cy5 cartridge (Sep-Pak, Waters-Milli-
pore) prewashed with 10 mM K,HPO,, pH 7.4. The column was
washed with 5 ml aliquots of 10 mM K,HPO,, pH 7.4 containing 10%
(v/iv) methanol until no significant radiolabel was detected. IAAQ was
eluted with 2.5 ml methanol and vacuum-dried in the dark. The
dried residue was resuspended in DMSO and the concentration of
the radioactive, photoactive drug was determined by HPLC.

For photoaffinity labeling of cells, H69 or H69/AR cells were
washed with PBS and preincubated for 20 minutes at 37°C in the
presence of a molar excess of vinblastine, LTC, or MK 571 before
the addition of IAAQ (0.25 pM). Cells were incubated at room temper-
ature in the dark for 30 minutes and then transferred to ice for 10
minutes. Following the latter incubation, cells were irradiated for
10 minutes on ice with a UV source at 254 nm (Stratagene UV cross-
linker, Stratagene, La Jolla, CA). The free photoactive drug was
removed by low speed centrifugation and cells were lysed in 20 ul of
50 mM Tris (pH 7.4) containing 1% Nonidet P-40 (NP40), 5 mM
MgCl, and protease inhibitors (3 wg/ml of leupeptin and 2 mM
PMSF). IAAQ labeled proteins were isolated by brief centrifugation
at 4°C and resolved on SDS-PAGE. For photoaffinity labeling of
plasma membranes, 15 ug aliquots of membrane proteins prepared
from H69 and H69/AR cells were photoaffinity labeled as described
above. It should be mentioned that incubation of cell or plasma mem-
branes with IAAQ but without UV irradiation did not result in the
photoaffinity labeling of proteins (data not shown).
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FIG. 1. Structures of MK 571(A) and IAAQ (N-{4-[1-hydroxy-2-
(dibutylamino) ethyl] quinolin-8-yl}-4-azidosalicylamide) (B).
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Immunoprecipitation and SDS gel electrophoresis. 1AAQ photoaf-
finity labeled cells were lysed in 50 mM Tris-HCI, pH 7.4, containing
0.5% CHAPS, 0.5% sodium deoxycholate, 150 mM NaCl and protease
inhibitors (3 pg/ml of leupeptin and 2 mM PMSF). The cell lysates
were clarified by centrifugation at 12,000 xg at 4°C. Equal amounts
of cell lysate proteins were separately incubated overnight at 4°C
with 10 pg of C494 and QCRL-1 monoclonal antibodies or an irrele-
vant 1gG,,. Protein-A coupled sepharose was added to the cell lysates
and allowed to incubate for one hour at room temperature. After
several washes in lysis buffer, proteins were released from the sepha-
rose beads with buffer 1 (10 mM Tris-HCI, pH 8.0 containing 2%
SDS, 50 mM dithiothreitol (DTT), 1 mM ethylene diaminetetraace-
tate (EDTA)) and Il (2X buffer | and 9 M urea). The eluted proteins
were then resolved by SDS PAGE using the Fairbanks gel system
with some modifications (28). Gel slabs containing the immunopre-
cipitated proteins were fixed in 50% methanol, dried and exposed to
XAR Kodak film at —70°C.

Cytotoxicity and drug transport assays. Cells were harvested and
plated into 96-well plates at 0.5-1.0x10* cells/well. Following a 24
hour recovery period, increasing concentrations of IAAQ was added
to cells in the absence or presence of non-toxic concentrations of MK
571. Cells were allowed to grow in the dark for four days at 37°C
before the addition of the MTT dye (3-(4,5-dimethylthiazol-2yl)-2,5-
diphenyl tetrazolium bromide). The plates were processed in the dark
as previously described (29).

For drug transport, cells (1x10° were incubated for 45 minutes
in PBS/glucose containing 0.25 uM IAAQ without or with an excess of
vinblastine, MK 571 or doxorubicin. Drug accumulation was stopped
with the addition of 1 ml of ice-cold PBS and cells were washed
several times with the same buffer. Cells were lysed in 100 ul of 1M
NaOH followed by neutralization with an equal volume of 1M HCI
and the accumulated radiolabel was determined by fluorometry us-
ing 1219 Racbeta model counters (LKB, Wallace). It is emphasized
that incubations with IAAQ were done under a safety light to prevent
the photodestruction of the photoreactive group. Furthermore, the
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integrity of the photoreactive moiety was monitored by the ab-
sorbance at 254 nm and controls to check for non-specific photolabel-
ing of proteins were included in each experiment (data not shown).

RESULTS

Photoaffinity Labeling of MRP with IAAQ

MRP has been shown to bind directly to the cysteinyl
leukotriene, LTC,, and other GSH conjugated drugs
((5, 6, 15, 22, 23). However, direct binding between
MRP and unaltered cytotoxic drugs has not been dem-
onstrated. In this study, we have used a photoactive
quinoline-based drug (IAAQ) to study MRP drug inter-
actions. To determine if IAAQ binds directly to MRP,
drug sensitive (H69) and resistant (H69/AR) SCLC
cells were incubated in the presence of 0.25 uM of IAAQ
and UV irradiated (see experimental procedures). The
results in Figure 2A show a 190 kDa protein photola-
beled with IAAQ in H69/AR, but not in H69 cells. When
the same cells were incubated in the presence of
20 nM of IAAP ([**®I]-iodoarylazidoprazosin), shown
previously to photoaffinity label P-glycoprotein (30), no
190 kDa protein was photoaffinity labeled (figure 2A).
The latter results suggest that IAAP is not a substrate
for MRP.

To determine the binding specificity of IAAQ towards
the 190 kDa protein, H69/AR cells were photoaffinity
labeled with increasing concentrations (0.25 yM to 2.5
uM) of IAAQ. Figure 2B, inset, shows the photoaffinity
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Photoaffinity labeling of H69 and H69/AR cells with IAAQ. Drug sensitive (H69) and resistant (H69/AR) cells were photoaf-

finity labeled with 0.25 uM IAAQ or 20 nM IAAP. Figure 2B shows photoaffinity labeling of H69/AR cells in the presence of increasing
concentrations of IAAQ (0-2.5 uM). The inset in figure 2B shows the increase in the intensity of 190 kDa photolabeled protein which
was excised and the radiolabel quantified. Figure 2C shows the photoaffinity labeled proteins from H69 or H69/AR cells incubated in
the absence or presence of excess (40-500 M) non-iodinated IAAQ (lanes a-d).
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FIG.3. Immunoprecipitation of IAAQ photoaffinity labeled MRP.
H69 and HE69/AR cells were photolabeled with 0.25 uM IAAQ and
immunoprecipitated with P-glycoprotein-specific mAb (C494) or
MRP-specific mAb (QCRL-1). The position of MRP protein is marked
with an arrow head.

labeling of the 190 kDa protein to be saturable in the
range 0.1-2.5 yM of the drug. Furthermore, the speci-
ficity of IAAQ towards the 190 kDa protein was con-
firmed by photolabeling of cells in the presence of molar
excess (150-2000-fold) of non-iodinated IAAQ. Figure
2C, lanes a-d, shows a marked decrease in the photola-
beling of the 190 kDa protein in the presence of molar
excess of IAAQ. The non-specific labeling, which is evi-
dent in some lower molecular mass proteins (mostly in
the 120 kDa protein), was not significantly affected
with excess non-iodinated 1AAQ. The identity of the
190 kDa protein as MRP was further confirmed by im-
munoprecipitation of 1AAQ photolabeled cell lyzate
from H69/AR cells with the MRP or P-gp-specific mADbs.
Figure 3 shows a photolabeled 190 kDa protein specifi-
cally immunoprecipitated with mAb QCRL-1 from H69/
AR, but not from H69 cells. Moreover, no IAAQ photoaf-
finity labeled 190 kDa protein was immunoprecipitated
with a P-glycoprotein-specific mAb, C494 (Figure 3).

Inhibition of Photoaffinity Labeling of MRP

To demonstrate that IAAQ binds to MRP at a biologi-
cally relevant site(s), H69/AR cells were photolabeled
with 1AAQ in the presence of molar excess of LTC,,
MK 571 and vinblastine. The photoaffinity labeling of
MRP was completely inhibited at 75-fold molar excess
of LTC, (Figure 4A). Similarly, molar excess of MK 571
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also led to a dramatic decrease in the photolabeling of
MRP with IAAQ. Vinblastine at 1000-folds molar ex-
cess was much weaker than LTC, and MK 571 at inhib-
iting the photolabeling of MRP with IAAQ (Figure 4A).
Together, these results confirm the specificity of IAAQ
towards MRP and suggest that IAAQ binding to MRP
occurs at the same or overlapping site(s) as MK 571
and LTC,.

Several reports have now demonstrated that MRP
mediates the transport of glutathione conjugated and
glucunorinated or sulfated drugs (5, 6, 15, 22, 23); how-
ever it remains unclear if modification of amphiphilic
drugs is required for binding to, and transport by MRP
(6, 31). To determine if unaltered IAAQ binds directly
to MRP, membrane fractions from H69/AR cells were
labeled with IAAQ in the absence and presence of mo-
lar excess of vinblastine and MK 571. Figure 4b shows
the photolabeling of MRP in membranes from H69/AR
but not H69 cells. Moreover, molar excess of MK 571
and to a less extend vinblastine inhibited the photoaf-
finity labeling of MRP with IAAQ (figure 4B). Further-
more, the presence of exogenously added GSH (up to
1.5 mM) did not inhibit the photoaffinity labeling of
MRP with IAAQ (data not shown).
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FIG. 4. Effects of vinblastine, MK 571 and LTC, on photoaffinity
labeling of MRP. H69 or H69/AR cells (A) were photoaffinity labeled
with 1AAQ in the absence (lane 1) or presence of molar excess of
vinblastine (VLB) (lanes 3 and 4), LTC, (lanes 5-7) and MK 571
(lanes 8-10). Figure 4B shows the photoaffinity labeling of plasma
membranes of H69 (lane 2) and H69/AR in the absence (lane 1) or
in the presence of molar excess of vinblastine (VLB) (lanes 3 and 4)
and MK 571 (lanes 5-7).
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FIG. 5. Effects of IAAQ on the growth of H69 and H69/AR cells. H69 and H69/AR cells were incubated with increasing concentrations
of IAAQ alone or together with 10 uM and 30 uM of MK 571. The level of cell growth was determined using the MTT assay (see Materials
and Methods). Each value is mean +/— SD of the two experiments in which triplicates were assayed.

Although, our membrane extraction method is likely
to remove most of the cellular GSH from H69/AR cells
(which normally contain low levels of GSH; (32)), the
possibility that IAAQ is altered in intact cells was ex-
amined. H69/AR cells were incubated with IAAQ and
the mobility of the extracted radiolabeled material was
compared to the unaltered drug by HPLC using C18
column as previously described (33). Analysis of the
HPLC results showed identical elution times for IAAQ
without and with incubation with H69/AR cells (data
not shown).

IAAQ Is a Substrate for MRP in H69/AR Cells

Given the above results, it was of interest to deter-
mine if IAAQ is a substrate for MRP in intact cells.
Figure 5 shows the effects of increasing concentrations
of IAAQ on the growth of H69 and H69/AR cells. The
results in figure 5 show H69/AR cells to be less sensitive
to IAAQ than the parental H69 cells (I1Cs, of 20 uM and
38 uM, respectively). Furthermore, MK 571, previously
shown to reverse MRP-mediated MDR (34), potentiated
the toxicity of IAAQ in H69/AR (figure 5).

To determine if the decreased sensitivity of H69/AR
cells to IAAQ was due to reduced drug accumulation,
figure 6 shows the accumulation of IAAQ in H69 and
H69/AR cells in the absence and in the presence of
increasing concentrations of vinblastine, doxorubicin
or MK 571. H69/AR cells show lower steady-state drug
accumulation than H69 cells (figure 6B versus 6A).
Moreover, a molar excess (1-25 uM) of MK 571 or doxo-
rubicin but not VLB potentiated the accumulation of
IAAQ in HB69/AR cells (Figure 6b).

DISCUSSION

MRP has been shown to mediate the transport of
cytotoxic natural products, in addition to glutathione
S-conjugates and glucuronidated steroids (5, 6, 15, 22,
23, 35). In this report, we extend MRP substrate speci-
ficity by demonstrating its direct binding and transport
of a quinoline-based drug (IAAQ). Moreover, we demon-
strate for the first time a direct and specific binding
between MRP and unaltered cytotoxic drug. In addi-
tion, we show that molar excess of LTC,, MK 571 and
to a lesser extend vinblastine inhibit the photoaffinity
labeling of MRP with IAAQ. Interestingly, LTC, was
more potent than MK 571 at inhibiting MRP photoaf-
finity labeling with IAAQ. Although these results were
unexpected, considering the structural similarities be-
tween MK 571 and IAAQ (figure 1), LTC, is the highest
affinity substrate of MRP and is more lipophilic than
MK 571 (17). The reason for the weak inhibitory effect
of vinblastine on IAAQ photolabeling of MRP and
transport from H69/AR cells is not clear. However, it
is consistent with earlier results which showed vinblas-
tine to be a poor substrate for MRP (36, 37). Together,
these results demonstrate a direct and specific binding
of IAAQ to MRP.

The normal physiological substrate for MRP is pres-
ently not know. However, MRP has been shown to
transport the cysteinyl leukotriene, LTC,, and other
glutathione conjugates (5, 6, 15, 22, 23). The inhibition
of MRP photolabeling by IAAQ with molar excess of
LTC, indicates that IAAQ binding to MRP occurs at a
biologically relevant site. Although little is known
about MRP drug binding domain(s), we speculate that
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FIG. 6.

IAAQ drug uptake in H69 and H69/AR cells. H69 (A) and H69/AR (B) cells were preincubated in the presence of molar excess

(100-500-fold) of vinblastine (VLB), doxorubicin (Dox) and MK 571 for 30 minutes at 37°C. IAAQ (50 nM) was added to each sample and
the incubation of cells was continued for another 45 minutes at 37°C. Cell were lysed and the amounts of accumulated radiolabel were
determined by fluorography. Each value is mean +/— SD of the two experiments in which triplicates were assayed.

IAAQ binds to the same or an overlapping domain as
that of MK 571 or LTC,. Alternatively, IAAQ may bind
at another site that is allosterically linked to LTC,
binding domain. Indeed, glutathione S-conjugation of
drugs has been shown to confer binding to MRP (16,
15). Thus, itis likely that MRP contains several alloste-
rically linked or overlapping domains for different
classes of drugs. In addition, evidence from another
broad spectrum transporter (P-gpl) supports the pres-
ence of multiple drug binding sites (38-40).
Consistent with the photoaffinity labeling results,
IAAQ is a substrate for MRP as it accumulates to lower
levels in H69/AR than in the parental H69 cells. Fur-
thermore, both MK 571 and doxorubicin but not vin-
blastine increase the accumulation of IAAQ in H69/AR
cells. In addition, we show that no modification of IAAQ

is required for binding to, or transport by MRP. Al-
though the latter results are consistent with the ability
of MRP to mediate the transport of unaltered natural
products (41), other studies have shown that GSH
alone can increase MRP binding to, and transport of
natural products (31). In this study, the presence of
GSH (up to 1.5 mM) did not modulate the photoaffinity
labeling of MRP with 1AAQ in plasma membranes.
However, more careful analysis of drug binding and
transport kinetics is required to rule out the effect of
GSH on the binding of IAAQ to, and transport by MRP.

The LTD, receptor antagonist, MK 571 (24), was re-
cently shown to inhibit LTC, and S-(p-azidophenyla-
cyl)-glutathione labeling of MRP (17, 18) and to reverse
MRP-mediated MDR (34). Our results show MK 571
inhibit IAAQ binding to MRP in a dose dependent fash-
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ion. We speculate that the inhibition of IAAQ photola-
beling of MRP with MK 571 is due to the quinoline
moiety which is found in both IAAQ and MK 571. Fur-
thermore, we have recently demonstrated a direct bind-
ing between MRP and other quinoline-based drugs
(Vezmar et al., unpublished results). Consistent with
these results, H69/AR cells which overexpress MRP
were previously shown to be cross-resistant to chlo-
roquine, also a quinoline-based drug (42). Collectively,
our results support the notion that MK 571 interacts
directly with MRP through its quinoline moiety.

The quinoline moiety is found in many therapeuti-
cally important drugs that include several antimalari-
als and anti-inflammatory drugs (43). Concerning the
former class of compounds, the results in this report are
important to our understanding of antimalarial drug
resistance in Plasmodium falciparum. In fact, a P-gp
homologue (pfmdrl) has been previously implicated in
the resistance to antimalarial drugs in P. falciparum
(44). However, the role of pfmdrl in the resistance to
antimalarial drugs in the parasite remains controver-
sial (45, 46). Considering the findings in this study and
the overlap in MRP and P-gpl functions and substrate
specificity, we speculate that an MRP homologue could
mediate the resistance to quinoline based drugs in P.
falciparum. Recent studies have implicated MRP ho-
mologues in the resistance to heavy metal oxyanions
and antimony in Leishmania tarentolae, in yeast and
in Caenorhabditis elegans (47-49).

In conclusion, we have used a photoactive drug
(IAAQ) to demonstrate a direct and specific binding to
MRP in intact cells and plasma membranes from H69/
AR SCLC cells. We speculate that IAAQ binds to the
same or an overlapping domain(s) as that of LTC, or
MK 571. It would be of interest in future studies to
determine if IAAQ photoaffinity labels the same or dif-
ferent sequences as MK 571 and LTC,. Furthermore,
the availability of photoactive radio-iodinated drug
that binds specifically to MRP should facilitate future
analysis of MRP drug interactions.
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