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Abstract

In the present study, we report cloning of the rat Mrp4 cDNA. The cDNA is 4526 bp, containing a 3975 bp open reading frame.

The deduced polypeptide has 1325 amino acids and is 83% and 91% identical to human MRP4 and mouse Mrp4, respectively.

Phylogenetic analysis revealed that the cloned rat cDNA is closely related to human MRP4 and mouse Mrp4. Additionally, an

alternatively spliced variant, 111 bp shorter than the full-length form, was cloned. Rat Mrp4 mRNA was detectable in 11 tissues

examined, with levels being highest in kidney, and lowest in liver. Mrp4 mRNA levels in kidney were higher in males than females,

and at birth were about half of adult levels. Mrp4 expression in liver and kidney of rats treated with six classes of microsomal

enzyme inducers was examined. Mrp4 mRNA in liver was induced by two electrophile response element activators, namely

ethoxyquin and oltipraz.

� 2004 Elsevier Inc. All rights reserved.
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Over 10 years ago, research on mechanisms for the

acquired resistance to anticancer drugs in cell lines led to

the discovery of a membrane-associated transporter

known as multidrug resistance protein 1 (MRP1,

ABCC1), which belongs to the ATP-binding cassette

(ABC) family of transporters [1]. Since then, eight ad-

ditional human MRPs have been cloned [2–7]. Thus, the

human MRP family is currently composed of nine
members, MRP1–9.

Structurally, MRP1, 2, 3, 6, and 7 are composed of an

amino-terminal transmembrane domain (TMD) and

two tandem repeats consisting of a TMD and a nucle-

otide-binding domain (NBD), whereas MRP4, 5, 8, and

9 lack the amino-terminal TMD found in other MRPs

[8]. Functional studies showed that MRP1, 2, and 3

confer resistance to a variety of anticancer drugs in-
cluding anthracyclines, vinca alkaloids, and methotrex-

ate [9–12], and transport organic anions such as

glutathione and glucuronide conjugates [11,13–15].
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However, little is known about the functions of MRP6

and 7. Unlike MRP1, 2, and 3, MRP4 and 5 do not

confer resistance to anthracyclines or vinca alkaloids [8].

Overexpression of MRP4 and 5 is associated with in-

creased cellular efflux of purine analogs (e.g., 6-mer-

captopurine and thioguanine) and nucleoside-based

antiviral drugs [e.g., 9-(2-phosphonylmethoxyethyl)ade-

nine (PMEA)], thus resulting in resistance to the cyto-
toxic effects of these agents, and a decrease in the

antiviral efficacy of PMEA [16–18]. MRP4 and 5 were

also reported to transport cyclic nucleotides, such as

cAMP and cGMP [19,20]. Furthermore, several com-

pounds of physiological and pharmacological impor-

tance, such as methotrexate, estradiol-17b-glucuronide,
bile acids, prostaglandins, and dehydroepiandrosterone-

3-sulfate, were recently shown to be transported by
MRP4 [21–24].

Although progress has beenmade in understanding the

functions of MRP4, little is known about the regulation

of MRP4 expression. For example, whether MRP4

expression can be altered under pathophysiological

conditions or following treatment with prototypical
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microsomal enzyme inducers (MEIs) remains largely
undetermined. Such information is typically obtained

by conducting studies in rats and mice. So far, however,

only human MRP4 cDNA has been cloned, thus pro-

hibiting further characterization of MRP4 regulation in

laboratory animal models.

The purpose of the present study was to clone rat

Mrp4 cDNA and to characterize the tissue distribution,

gender, and ontogenic expression patterns of rat Mrp4
mRNA, as well as to determine whether hepatic and

renal expression of rat Mrp4 mRNA is inducible fol-

lowing treatment with different classes of prototypical

MEIs. We chose to clone rat Mrp4, because rat is a

commonly used rodent species in the study of xenobiotic

metabolism and disposition. During the final stage of

our cloning effort, two sequences defined as rat Mrp4

cDNA (GenBank Accession No. NM_224522 and
XM_341375) were deposited in GenBank. These se-

quences were predicted by automated computational

analysis of the draft version of rat genome sequence.

However, these two sequences are poorly aligned to

human MRP4 and the predicted mouse Mrp4 cDNA,

indicating that the predicted cDNA sequences for rat

Mrp4 were not correctly annotated. In the present

study, we report the cloning of two forms of rat Mrp4
cDNA, the full-length form and an alternatively spliced

variant, and the characterization of Mrp4 mRNA

expression under various conditions.
Materials and methods

Materials. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and ol-

tipraz (OLTI) were a generous gift from Dr. Karl Rozman (University

of Kansas Medical Center, Kansas City, KS) and Dr. Ronald Lubet

(National Cancer Institute, Bethesda, MD), respectively. All other

chemicals were obtained from Sigma–Aldrich (St. Louis, MO).

Cloning of rat Mrp4 cDNA. Four PCRs were performed sequen-

tially to obtain the complete open reading frame (ORF) and about

500 bp of the 30-untranslated region (30-UTR) of rat Mrp4 cDNA. No

sequence from the 50-untranslated region (50-UTR) was obtained. The
Fig. 1. Strategy for the cloning of rat Mrp4. The open reading frame (ORF) an

and filled boxes, respectively. The two fragments above the ORF and 30-UTR

(CB609524), which is highly similar to human MRP4 and mouse Mrp4. Als

sequence reported here was assembled.
30-cDNA fragment of Mrp4 was obtained by 30-RACE (30-rapid

amplification of cDNA ends), using rat kidney Marathon–Ready

cDNA (Clontech, Palo Alto, CA). The reverse primer (adapter primer)

(50-CCATCCTAATACGACTCACTATAGGGC-30) was provided

with the Marathon–Ready cDNA system, and the gene-specific for-

ward primer (50-GACAGAGACAGTTAGTGTGCCTTG-30) was

designed based on a partial cDNA sequence of rat Mrp4 (GenBank

Accession No. AF376781). The 30-RACE product (�1.0-kb) was

cloned into pCR4-TOPO TA vector (Invitrogen, Carlsbad, CA) and

sequenced. The second PCR was performed with a reverse primer (50-

TTCAGAATTGCCCTCGCAAG-30) designed based on the sequence

obtained from the 30-RACE. The forward primer of the second PCR

(50-CAGTACCTCAAAGCTGCAAG-30) was designed based on a rat

EST clone (CB609524). This EST sequence is 561-bp long and it shares

about 84% and 92% nucleotide sequence identity to part of the human

MRP4 (NM_005845) and mouse (XM_139262) Mrp4 cDNAs, re-

spectively. The product of the second PCR (�1.8-kb) was cloned into

pSTBlue-1 vector and sequenced. The third PCR was performed using

a reverse primer (50-TGCTTTCTGGCCTCCGCTCAGCG-30) which

was designed based on the sequence of rat EST clone CB609524, and a

forward primer (50-ATGCTGCCGGTGCACACCGA-30). The for-

ward primer contains the translation start site. The fourth PCR was

carried out with a reverse primer (50-GGAAGCAAGTCGTC

CATGTGTCCG-30) designed from the sequence of the second PCR

product and a forward primer (50-GGATCGCCTACGTTTCCCAG

CAGCC-30) designed from the sequence of the third PCR product. The

resulting products of the third and fourth PCRs were �1.6 and �1.1-

kb, respectively, and were cloned into pCR4Blunt-TOPO vector (In-

vitrogen) for sequencing. For PCRs #2, 3, and 4, reverse transcription

for first-strand cDNA synthesis was performed with high-quality rat

kidney poly(A)þ RNA (Clontech) using ThermoScript RT-PCR Sys-

tem (Invitrogen). Reactions were primed by both random hexamers

and Oligo(dT)20 to ensure production of full-length cDNAs. Synthesis

of oligonucleotide primers used for PCR and sequencing were carried

out by the Biotech Support Facility, University of Kansas Medical

Center (Kansas City, KS). To ensure the accuracy of the sequence, a

total of three independent 30-RACE reactions were performed, and

each of the other three PCRs was carried out three times, using three

first-strand cDNAs that were generated by independent reverse-tran-

scription reactions. The reported sequence of rat Mrp4 cDNA was

obtained by assembling the consensus of PCR products produced by

each of the four sets of PCRs. Fig. 1 illustrates the strategy used to

clone rat Mrp4 cDNA.

Tissue expression study. Male and female Sasco Sprague–Dawley

(SD) rats weighing 200–250 g were obtained from Charles River

Laboratories (Wilmington, MA) and acclimated for 1 week in the

AAALAC-accredited animal care facility at the University of Kansas
d 30-untranslated region (30-UTR) of rat Mrp4 are indicated by hedged

represent a partial rat Mrp4 cDNA (AF376781) and a rat EST clone

o shown are the four PCR products from which the rat Mrp4 cDNA



Table 1

Oligonucleotide probes generated for the quantification of rat Mrp4 mRNA levels using QuantiGene signal amplification assay

Functiona Sequenceb Target

CE cggtttttcttcagaattgccTTTTTctcttggaaagaaagt 3567–3587

CE cggattttctgttgtattaactcgTTTTTctcttggaaagaaagt 3636–3659

CE tctgtgagcaatggtgagaacagTTTTTctcttggaaagaaagt 3680–3702

CE ggtgagggcagcggcttTTTTTctcttggaaagaaagt 3839–3855

LE ctcgcaaggcacactaactgtcTTTTTaggcataggacccgtgtct 3545–3566

LE cagttgcttcatcaatgatcagtatcTTTTTaggcataggacccgtgtct 3588–3613

LE tcagttctcggatccacatttgTTTTTaggcataggacccgtgtct 3614–3635

LE tgcactgggcaaacttctccTTTTTaggcataggacccgtgtct 3660–3679

LE cgctgtcaatgatggtgttcagTTTTTaggcataggacccgtgtct 3703–3724

LE ctggattctgcagcaaaacatacTTTTTaggcataggacccgtgtct 3774–3796

LE cgcccttacccagctgctTTTTTaggcataggacccgtgtct 3821–3838

LE agtacgcctgttttgctgtttcTTTTTaggcataggacccgtgtct 3856–3877

BL ccgaatccaaaaccattatcttgt 3725–3748

BL ggctcatcatattctctcagtcttc 3749–3773

BL gaaccatcttgtaaaagaggctct 3797–3820

a Function of the oligonucleotide probe in the QuantiGene assay: CE, capture extender; LE, label extender; and BL, blocker probe.
b Probes were designed with a Tm of about 63 �C, enabling hybridization conditions to be held constant (i.e., 53 �C) during the assay.
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Medical Center. Animals (2–3 rats per cage) had free access to rodent

chow (Harlan Sprague–Dawley, Indianapolis, IN) and water. Tissues

(liver, kidney, lung, stomach, duodenum, jejunum, ileum, large intes-

tine, cerebral cortex, cerebellum, and prostate) were removed, flash-

frozen in liquid nitrogen, and stored at )80 �C until further use.

Ontogeny study. Pregnant SD rats were purchased at gestation day

13 (Charles River Laboratories) and housed in the aforementioned

animal care facility. Livers and kidneys were removed from male and

female SD rats at 0, 5, 10, 15, 20, 25, 30, 35, 40, and 45 days of age

(n ¼ 5/gender/age), frozen in liquid nitrogen, and stored at )80 �C until

further use.

Inducibility by xenobiotics. Male SD rats (200–250 g) were treated

with the following prototypical microsomal enzyme inducers that can

be divided into six classes based on the mechanisms for cytochrome

P450 (CYP) induction: aryl hydrocarbon (Ah) receptor ligands:

TCDD (3.9lg/kg/day� 1 day, i.p., in corn oil) and b-naphthoflavone
(BNF, 100mg/kg/day, i.p., in corn oil); constitutive androstane re-

ceptor (CAR) activators: phenobarbital (PB, 80mg/kg/day, i.p., in

saline) and diallyl sulfide (DAS, 500mg/kg/day, i.p., in corn oil);

pregnane X receptor (PXR) ligands: pregnenolone-16a-carbonitrile
(PCN, 50mg/kg/day, i.p., in corn oil), spironolactone (SPIRO, 75mg/

kg/day, i.p., in corn oil), and dexamethasone (DEX, 40mg/kg/day, i.p.,

in corn oil); peroxisome proliferator-activated receptor a (PPARa)
ligands: clofibrate (CFB, 200mg/kg/day, i.p., in saline), diet-

hylhexylphthalate (DEHP, 1200mg/kg/day, in corn oil), and perflu-

orodecanoic acid (PFDA, 40mg/kg/day� 1 day, i.p., in corn oil);

electrophile response element (EpRE) activators: ethoxyquin

(ETHOX, 50mg/kg/day, p.o., in corn oil) and oltipraz (OLTI, 150mg/

kg/day, p.o., in corn oil); and CYP2E1 inducers: isoniazid (INH,

200mg/kg/day, i.p., in saline), acetylsalicylic acid (ASA, 500mg/kg/

day, p.o., in corn oil), and streptozotocin (STREP, 100mg/kg/day� 1

day, i.p., in 100mM sodium citrate). These treatment regimens were

previously shown to result in marked increases in the expression of the

hallmark inducible genes for each class of inducers: CYP1A1 induction

by Ah receptor ligands, CYP2B1/2 induction by CAR activators,

CYP3A1/23 induction by PXR ligands, CYP4A2/3 induction by

PPARa ligands, quinone reductase induction by EpRE activators, and

CYP2E1 induction by its inducers [25]. Groups of controls received

corn oil (i.p. or p.o.) or saline (i.p.). All animals were treated for 4 days

unless otherwise noted and injection volume was 5ml/kg. Tissues were

collected as described above.

Total RNA isolation. Total RNA was isolated from frozen tissue

samples using RNA-Bee reagent (Tel-Test, Friendswood, TX) ac-

cording to the manufacturer’s protocol. After spectrophotometrical
quantification of RNA concentrations, samples were diluted with

diethyl pyrocarbonate (DEPC)-treated water to a final concentration

of 1lg/ll. The integrity of the RNA samples was determined

by visual examination of the integrity of 18S and 28S rRNA bands

after resolving total RNA on 1.2% denaturing agarose gel. Purity

of the isolated RNA samples was determined from the A260/A280

ratio.

Measurement of rat Mrp4 mRNA levels with Quantigene branched

DNA signal amplification assay. Oligonucleotide probes specific for rat

Mrp4 mRNA used in the Quantigene branched DNA (bDNA) signal

amplification assay (Genospectra, Fremont, CA) were designed using

ProbeDesigner Software, Version 1.0 (Bayer Diagnostics Division,

Tarrytown, NY). The detailed sequence information of these probes is

listed in Table 1. Total RNA (10lg per sample) was used to determine

the levels of Mrp4 mRNA in a 96-well format as described in detail

previously [26]. Data are presented as relative light units (RLU) per

10 lg total RNA.

Statistical analysis. Results of Mrp4 mRNA levels were expressed

as means� standard error (SE). Renal and hepatic levels of Mrp4

mRNA following treatment with various xenobiotics were analyzed by

one-way analysis of variance (ANOVA) followed by the Newman–

Keuls test. Mrp4 mRNA expression in male and female rats was

compared with Student’s t test. Differences were considered significant

at p < 0:05.
Results and discussion

Characterization of rat Mrp4 cDNA

The total length of rat Mrp4 cDNA obtained in the

present study from four separate PCRs is 4526 bp

(Fig. 1). This sequence contains a 3975-bp long open

reading frame (ORF) and a 551-bp 30-UTR. Although

the 30-UTR ended with a 32-bp poly(A) stretch, the

highly conserved polyadenylation sequence, AATAAA,
was not found in the 30-UTR. The deduced amino acid

sequences of the rat Mrp4 cloned in the present study

(AY533524), human MRP4 (NM_005845), and mouse

Mrp4 (XM_139262) all have 1325 amino acid residues



Fig. 2. Alignment of the deduced amino acid sequence of rat Mrp4, mouse Mrp4, and human MRP4. Identical residues are shown with white

background and black letters, similar residues with gray background and white letters, and dissimilar residues with black backgrounds and white

letters. Identity between rat and mouse sequences is 91%, and between the rat and human sequences is 83%. The highly conserved motifs within the

nucleotide-binding domain of ATP-binding cassette transporters, such as Walker A and B, and Signature C are indicated by boxes.
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(Fig. 2). It should be noted that molecular cloning

of mouse Mrp4 has not been reported in the literature.

The cDNA sequence under GenBank Accession No.
XM_139262 is a predicted sequence of mouse Mrp4,

which was deduced by annotation of the mouse ge-

nome from the mouse genome project. The amino acid



Fig. 3. Phylogenetic analysis of the known MRPs and other related transporters belonging to the family of ATP-binding cassette transporters, from

human, mouse, and rat. Phylogenetic tree was constructed by the neighbor-joining method using CLUSTALW [32]. Branch lengths are drawn to scale.
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sequence identity between rat Mrp4 and human MRP4

is 83%. In addition, rat Mrp4 shares 91% amino acid

sequence identity to mouse Mrp4. As shown in Fig. 2,

the deduced amino acid sequences of rat, human, and

mouse MRP4 contain two sets of ATP-binding cas-

settes, identified by the presence of highly conserved

motifs known as Walker A and B, and Signature C.

Phylogenetic analysis of the known MRPs and other
related transporters belonging to the family of ATP-

binding cassette transporters from human, mouse, and

rat reveals that rat Mrp4 is closely related to human

MRP4 and mouse Mrp4, and diverged with the rest of

the MRP family members from the same root (Fig. 3).

Taken together, it is reasonable to conclude that the rat

Mrp4 reported in the present study is the ortholog of

human MRP4 and mouse Mrp4.
Splice variant of rat Mrp4

During the cloning of rat Mrp4 cDNA, one splice

variant of rat Mrp4 was obtained (AY533525). This

variant differs from the rat Mrp4 cDNA sequence dis-

cussed earlier in that it is 111 bp shorter. Fig. 4 shows

the exon boundaries at the 50-end of the two forms of rat

Mrp4 cDNA, revealed by comparison of the sequence of
Mrp4 cDNA with that of Mrp4 gene. It is evident that

the short form is an alternatively spliced variant of the

full-length rat Mrp4 cDNA, and one exon is spliced out

in the short form. To further examine which form of rat

Mrp4 is predominantly expressed, we performed reverse

transcription-PCR using primers that flank the spliced-

out exon. From the expected amplicon size, we found

that the full-length form is the predominantly expressed



Fig. 4. Exon boundaries at the 50-end of the two forms of rat Mrp4 cDNA, the full-length form (long) and an alternatively spliced form (short).

Only the coding sequence (sense strand) is shown. The arrows indicate exon breakpoints. The exon that is absent in the splice variant is indicated with

gaps ()).
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form of rat Mrp4 in kidney, while the splice variant is

undetectable (results not shown). Thus, the full-length

form appears to be the physiologically relevant one.
Fig. 5. Tissue distribution of rat Mrp4 mRNA in adults (top panel)

and postnatal expression of Mrp4 mRNA in kidney (bottom panel).

Relative light units (RLU) are expressed as the means�SE of 5–6 rats.

Asterisk indicates values significantly different from those of males.
Mrp4 mRNA tissue distribution and postnatal renal

expression

Of the 11 tissues examined, the highest levels of Mrp4

mRNA were detected in both male and female kidney,

with the expression in males higher than in females

(Fig. 5, top panel). Mrp4 mRNA was expressed at

similar levels in lung and prostate. In the gastrointestinal
tract, the highest levels of Mrp4 mRNA were found in

stomach. Levels of Mrp4 mRNA in the three segments

of small intestine (i.e., duodenum, jejunum, and ileum)

and large intestine were about 20–50% of those in

stomach. Mrp4 mRNA was also expressed in cerebellum

and cerebral cortex. Mrp4 mRNA expression in liver

was lower than that in the other 10 tissues examined. In

general, the tissue distribution of rat Mrp4 mRNA in
the present study is in agreement with that of human

MRP4 [3,5]. In two recent publications from our group,

mRNA levels of rat Mrp4 in choroid plexus and pla-

centa were determined with the same method used in the

present study. We found that levels of Mrp4 in choroid

plexus are similar to that in kidney, while placental ex-

pression of Mrp4 is lower than in kidney but higher than

that in liver [27,28].
Because MRP4 was highly expressed in both rat

(present study) and human [29] kidney, the pattern for

postnatal renal expression of Mrp4 mRNA was exam-

ined. After birth, Mrp4 was expressed in kidneys of both

genders (Fig. 5, bottom panel). Its level of expression

remained relatively constant until postnatal day 20 in

both genders. At postnatal day 25, the first time point
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examined after weaning of rats, Mrp4 expression in both
genders was about twice that seen in neonatal rats.

Thereafter, Mrp4 expression remained relatively con-

stant. A gender difference in renal Mrp4 expression was

seen as early as 15 days of age (Fig. 5, bottom panel). At

day 45, Mrp4 expression in male kidneys was about 50%

higher than that in females.

Among the MRP family members, human MRP4 has

a unique substrate profile in that it mediates cellular
efflux of purine analogues used in cancer chemotherapy

and nucleoside-based antiviral drugs. The difference in

MRP4 expression in tissues may have an impact on

therapeutic outcomes by affecting the accumulation of

these drugs in specific tissues. The developmental and

gender-specific expression patterns of MRP4 may lead

to age- and gender-related differences in pharmacoki-

netics of these drugs.
Fig. 6. Rat Mrp4 mRNA expression after treatment with microsomal

enzyme inducers (MEIs). Mrp4 mRNA levels were quantified in liver

(top panel) and kidney (bottom panel) of rats treated with six classes of

MEIs as described in detail in the Materials and methods section.

Controls received corn oil (i.p. or p.o.), or saline (i.p.), and were

grouped together because no differences in Mrp4 mRNA expression

were seen between these control groups. Ah receptor ligands: tetra-

chlorodibenzo-p-dioxin (TCDD) and b-naphthoflavone (BNF); CAR

activators: phenobarbital (PB) and diallyl sulfide (DAS); PXR ligands:

pregnenolone 16a-carbonitrile (PCN), spironolactone (SPIRO), and

dexamethasone (DEX); PPARa ligands: clofibrate (CFB), diet-

hylhexylphthalate (DEHP), and perfluorodecanoic acid (PFDA);

EpRE activators: ethoxyquin (ETHOX) and oltipraz (OLTI); and

CYP2E1 inducers: isoniazid (INH), acetylsalicylic acid (ASA), and

streptozotocin (STREP). Relative light units (RLU) are expressed as

the means� SE of 5–6 rats. Asterisk indicates values significantly

different from controls.
Inducibility of Mrp4 in kidney and liver by xenobiotics

The inducible expression of phase I and phase II

biotransformation enzymes following exposure to pro-

totypical microsomal enzyme inducers (MEIs) has been

extensively examined over the past several decades. Re-

cent data indicate that some classes of MEIs are capable

of inducing Mrp2 and 3 hepatic expression [4,30]. In the

present study, hepatic levels of Mrp4 mRNA were sig-
nificantly increased by the EpRE activators ethoxyquin

(ETHOX) and oltipraz (OLTI) (Fig. 6, top panel). While

Mrp4 mRNA levels were elevated in liver of rats treated

with three CYP2E1 inducers [isoniazid (INH), acetyl-

salicylic acid (ASA), and streptozotocin (STREP)], a

statistically significant increase was only seen in STREP-

treated animals. Treatment of rats with Ah receptor

ligands [tetrachlorodibenzo-p-dioxin (TCDD) and
b-naphthoflavone (BNF)], CAR activators [phenobar-

bital (PB) and diallyl sulfide (DAS)], PXR ligands

[pregnenolone 16a-carbonitrile (PCN), spironolactone

(SPIRO), and dexamethasone (DEX)], PPARa ligands

[clofibrate (CFB), diethylhexylphthalate (DEHP), and

perfluorodecanoic acid (PFDA)] did not have significant

effects on the expression of Mrp4 mRNA in liver. In

kidneys, Mrp4 expression was significantly increased
only by BNF treatment, whereas the expression was

consistently lower following treatment with PXR ligands

(p > 0:05) (Fig. 6, bottom panel). Overall, these data

indicate that rat Mrp4 mRNA expression in liver or

kidney is not subjected to regulation by most of the

MEIs. Because two inducers belonging to EpRE class of

inducers (i.e., ETHOX and OLTI) moderately increased

rat Mrp4 expression in liver, the EpRE signaling path-
way may play a role in such induction.

Many chemicals are known to induce drug biotrans-

formation enzymes and transporters, leading to an ac-

celerated metabolism and excretion of many drugs. For

example, induction of P-glycoprotein (Pgp) in entero-

cytes and CYP3A in hepatocytes by the herbal supple-

ment St. John’s Wort may be the cause of decrease in

blood concentration and efficacy of cyclosporine, indi-
navir, and digoxin [31]. Although our results indicate

that rat Mrp4 in liver and kidney is not readily inducible

by several classes of prototypical MEIs, it is still possible

that MRP4 could be induced by the treatment with

some as yet untested chemicals. Given the importance of

this transporter in the disposition of some of the anti-

cancer and antiviral drugs, further research on the

chemical induciblitliy of MRP4 is necessary.
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