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Vasospastic per sons exhibit differential expression of
ABC-transport proteins
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Purpose: To quantify the gene expression levels of the ABC-proteins MDR1 (P-glycoprotein) and MRP (multidrug resis-
tance-associated protein) isoforms in isolated mononuclear cells of vasospastic persons with increased Endothelin-1 plasma
levels.

Methods: Quantitative real-time RT-PCR was performed to determine the expression levels of the MDR1 (P-glycopro-
tein) gene and MRP1 to MRP5 genes as well as the expression of,taedEET, receptor in mononuclear cells derived

from 11 vasospastic subjects compared to 10 healthy controls.

Results: Mononuclear cells of vasospastic subjects showed a significant decrease in the expression of MDR1 (P-glyco-
protein) gene (p=0.029), MRP2 gene (p=0.003), and MRP5 gene (p=0.013) when compared to healthy controls. These
effects were poorly correlated with ET-1 plasma levels. No significapaBd ET, receptor expression was observed in

both groups.

Conclusions: Vasospastic persons differ in their expression pattern of MDR proteins from healthy controls. This might be
an indirect effect of elevated ET-1 levels.

AT Pbinding cassette (ABC) transporter proteins belongf these transport proteins lead to MDR phenotype [11,12].
to a large superfamily of transport proteins that are highly corMIDR proteins possess a broad substrate specifity [2]. There-
served across evolution [1]. These transport proteins mediatere, acute inhibition or decreased expression of such MDR
the translocation of different structurally unrelated moleculeproteins may result in an enhanced uptake and systemic accu-
across various membranes and are expressed in different tisulation of drugs, which may lead to an increased sensitivity
sues. They are located in the plasma membrane or in the mear-toxicity.
brane of different cellular organelles [2]. Therefore, they con-  Self-reported observations of vasospastic subjects re-
trol the distribution of endogenous metabolic products anslealed an enhanced sensitivity to different drugs such as beta
exogenous xenobiotics on a subcellular level as well as in tH#ockers and calcium channel blockers (many of them are sub-
organism as a whole. Some of these proteins form specifgtrates of MDR transport proteins). All these subjects showed
membrane channels [3]. Others facilitate the transport of inrcharacteristic symptoms for the vasospastic syndrome like an
organic ions, or pump various organic compounds [4]. Foinborn tendency towards cold hands and sometimes cold feet,
this transport activity, ABC proteins utilize the energy of ATPa low body mass index, and low blood pressure that fluctuates
hydrolysis [5]. markedly [13]. They also often show a slower sleep onset [14],

Numerous clinical data, mainly derived from cancer resignificantly less feelings of thirst coupled with less daily fluid
search, have revealed that the multidrug resistance phenotyip¢ake (unpublished data), and a higher plasma level of
is often associated with the over-expression of certain AB@ndothelin [13].
transporters, termed multidrug resistance (MDR) proteins. The Recently it was shown that Endothelin-1 (ET-1) in
P-glycoprotein (Pgp, MDR1, ABCB1) mediated multidrug re-subnanomolar to nanomolar concentrations was able to rap-
sistance was the first discovered [6-9] and probably still is thilly reduce the activity of MRP2 mediated drug transport in
most widely observed mechanism in clinical multidrug resisshark rectal gland [15]. This effect of MRP2 function could
tance [10]. be confirmed in killifish renal proximal tubules [16] and a

Beside Pgp, other efflux-pumps belonging to the grougimilar inhibitory effect was seen for P-glycoprotein. Both
of multidrug resistance-associated proteins with 7 homologuesffects could be abolished when an_E&ceptor antagonist
(MRP1-MRP7) were characterized. Over-expression of someas given but not when an Efieceptor antagonist was given.

This prompted us to investigate the expression levels of P-
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facturer. RNA was quantified with a GeneQuant photometer
METHODS (Pharmacia, Uppsala, Sweden). After DNase | digestion
Blood samples: Blood samples were collected from 11 va- (Gibco, Life Technologies, Basel Switzerlandy@ of total
sospastic subjects and 10 healthy controls. Vasospastic SUIBNA was reverse-transcribed by Superscript (Gibco, Life
jects and controls were recruited from the study “PathophysiFechnologies, Basel Switzerland) according to the
ology of vascular dysregulation” (Swiss national protocol nummanufacturer’s protocol using random hexamers as primers.
ber 65/00; this study was performed at the University Eye  Sandards for Quantitative Real-Time PCR (TagMan).:
Clinic of Basel, Switzerland). All participants gave written To generate the standard curves, we used gene-specific cDNA
informed consent for all procedures before inclusion in theamplicons as standards. These standards cover the TagMan
study. The protocol was approved by the Ethical Committeprimer/probe areas and were obtained by PCR amplification.
of the Department of Internal Medicine, University HospitalSince all the genes of interest are expressed in Caco-2 cells
Basel Switzerland, and adhered to the guidelines laid down ime used reverse transcribed RNA of Caco-2 cells as a tem-
the Declaration of Helsinki. plate. Total RNA was extracted from confluent monolayers at
A detailed medical history excluded individuals with apassage 52 using the RNeasy mini kit (Qiagen GmbH). For
history of alcohol or drug abuse, systemic diseases (e.g., di@ach gene-specific PCR, we used 25 ng of reverse-transcribed
betes, high concentration of blood lipids, major arterial hyCaco-2 RNA per 25L reaction. The final concentration of
pertension or other systemic circulatory diseases other thaach primer was 300 nM. The primers (Table 1) were designed
vasospasm) or who had been taking any medication at leastiding the primer express software 2.0 (Applied Biosystems,
weeks prior to the study. Subjects were included in the studyotkreuz, Switzerland) and were manufactured by Invitrogen
after an ophthalmological examination without pathologicalBasel, Switzerland). The components of the PCR reaction
findings and a screening for indicators of vasospasm. AftefAmpliTaq Gold, 10x PCR buffer, ANTPs, MgEWwere pur-
local cooling of the fingers, vasospastic subjects exhibited ehased from Applied Biosystems. The annealing temperature
stop in blood flow for more than 20 s, which was detected bwas 55°C. Thermal cycling was conducted using a
nailfold capillaromicroscopy [17]. In addition, ET-1 plasma Mastercycler personal from Eppendorf (Hamburg, Germany).
levels were determined by a specific radioimmunoassay, &l PCR products were purified by running a 1.5% agarose
described by Goerre et al. [18]. Therefore, blood samples wegel (TAE buffer, 100 V, 50 min) and a subsequent gel extrac-
taken by venopuncture after 30 min of a rest in a supine podion (gel extraction kit, Qiagen). The standards were quanti-
tion. All vasospastic subjects tested here exhibited an increasged using the PicoGreen reagent (Molecular Probes, Eugene,
plasma level of ET-1, ranging from 2.13 to 4.13 pg/ml (refer-OR) and were checked by sequencing (Microsynth GmbH,
ence value for females: 14228 pg/ml; for males: 1.60.34  Balgach, Switzerland). Standard curves were generated by a
pg/ml) [19]. Examination of healthy controls showed no va-10 fold serial dilution. 2.5L of the diluted standards were
sospastic response and low ET-1 plasma levels. Individual E®dded per 25L TagMan reaction.
1 plasma concentrations are shown in Figure 1. Quantitative Real-Time PCR (TagMan): Each TagMan
Isolation of mononuclear cells: Mononuclear cells were reaction contained 25 ng of sample cDNA in a total volume of
isolated from 10 ml heparinized whole blood by density cen25uL. We used 15.8L of Brilliant™ Quantitative PCR Core
trifugation as described by Maurer and colleagues [20] usinBeagent Kit components (10x Core PCR buffer, MgCl
a lymphocyte separating medium (Lymphodex; InnotraindNTPs, reference dye, SureStart Taq) obtained from Stratagene
Kronberg, FRG). After extensive washing (three times) with(Amsterdam, Netherlands). The concentrations of primers and
phosphate buffered saline (PBS) cells were centrifuged at 44@xobes (Table 2) were 900 nM and 225 nM, respectively. Prim-
g for 5 min and the supernatant was aspirated. Dry pelletys and probes were designed according to the guidelines of
were frozen immediately and stored at 2Zountil use. Applied Biosystems with help of the Primer Express 2.0 soft-
RNA extraction and reserve transcription: Totd RNA  ware. Primers were synthesised by Invitrogen and probes by
was isolated using the RNeasy mini kit (Qiagen GmbH, HildenEurogentec (Seraing, Belgium). The TagMan assay was per-
Germany) following the instructions provided by the manuformed on a Gene Amp 5700 Sequence Detector (Applied

TaBLE 1. PRIMER SEQUENCES OF MDR1 AND M RP 1soForRMS

Accessi on

Gene Nunber Anplification Forward Priner Reverse Primer Area
MDR1 ML4758 5' - ACAGTCCAGCTGATGCAGAGG 3' 5' - CCTTATCCAGAGCCACCTGAAC- 3' 1730- 2150
MRP1 NM_ 004996 5' - CACACTGAATGGCATCACCTTC 3' 5' - CCTTCTCGCCAATCTCTGTCC- 3' 2173- 2489
MRP2 NM_ 000392 5' - CCAATCTACTCTCACTTCAGCGAGA- 3' 5' - AGATCCAGCTCAGGTCGGTACC- 3' 3509- 3981
MRP3  AF085690 5' - TCTATGCAGCCACATCACGG 3 5' - GTCACCTGCAAGGAGTAGGACAC- 3' 3419- 3746
MRP4  AF071202 5' - AAGTGAACAACCTCCAGTTCCA- 3' 5' - CCGGAGCTTTCAGAATTGAC- 3' 2026- 2543
MRP5 NM_ 005688 5' - CTAGAGAGACTGTGGCAAGAAGAGC- 3 5' - AAATGCCATGGTTAGGATGCC 3' 570-902

Primer sequences of MDR1 and MRP isoforms used for RT-PCR.
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Biosystems), a combined thermocycler and fluorescence déie PCR product (represented by a corresponding fluorescence)
tector. Cycling conditions were 10 min 96 initial denatur-  reaches a predefined threshold value. Earlier cycle number
ation and activation of AmpliTaq Gold DNA polymerase, fol- corresponds to higher amounts of cDNA of the gene of inter-
lowed by 40 cycles of 15 s & denaturation, 1 min 60C  est in the sample. @alues above 38 cycles were judged to
combined annealing and primer extension. Each sample waspresent no or only trace amount of gene expression.
runin triplicate. As a negative control, we used not-transcribed  As a positive control, prostate tissue was used, where C
total RNA in duplicate. No significant amplification was ob- values of 25.15 and 27.24 for E&nd ET, receptors were
served in these samples. obtained, respectively. Since in every PCR cycle the DNA
Satistical Analysis: Gene expression was compared foramount is approximately doubled, a 14,000-fold and a 5,000-
each gene between the control group and the vasospastic fald difference for ET and ET, receptor expression was ob-
tients by the two sided non-parametric Mann-Whitney U-testserved, respectively. Mononuclear cells seem only to express
The level of significance was to p<0.05. Correlation analysisrace amounts of these receptors.
was performed using the non-parametric Spearman’s rank

correlation.

RESULTS 4.5
The individual pattern of expression of MDR1 and MRP ]
isoforms was qualitatively different between healthy controls 40 4

and vasospastic patients. Whereas in healthy controls no s
tematic pattern of gene expression could be observed, each 2=
the vasospastic patients showed a qualitatively similar expre & 3.9
sion pattern of MDR1 and MRP isoform genes (Figure 2). Ol "a) -
average, vasospastic patients expressed about half as mucl Q.
the MDR1 gene than controls and they showed a smaller v 3.0 4
ter-individual range of MDR1 expression than controls (Fig- &= .
ure 3). This was significantly (p=0.029) smaller than in the © 25
control group. =2
Expression of the MRP1 gene was slightly but not sig }s
nificantly (p=0.085) higher in the vasospastic patients and, 0 & 2.0 — <
average, almost doubled. Expression of the MRP2 and MRF ¢} |
genes decreased significantly (p=0.003 and p=0.013, respe & %

O OHOLL OO
o

i\

tively) in the vasospastic patients. No significant changes i Q 1.5 -

gene expression was observed for the MRP3 and MRP4 gen - .

although a trend to lower expression could be stated. IL 10
TR

Non-parametric rank correlation (Spearmar)’'showed,
with the exception of MRP1, a weak negative correlation t .
ET-1 levels (p=-0.31 to -0.59). Although correlation was sig- 05 -
nificant for MDR1, MRP2, and MRP5, the valuespoindi-
cate only poor to moderate correlation.

The expression of the endothelin receptors &Td ET, 0.0
in mononuclear cells of control and vasospastic subjects wi Su bjects
not detectable for absolute quantification by the standard-cun .
method. Aborderline expression was obtained for both grouq—%gure 1. ET-1 Plasma Concentrations. Individual ET-1 concentra-

with mean threshold cycle ((values between 38.9 and 39.6 tjons as well as means and standard errors of the means in healthy
(Table 3). The Gralue is defined as PCR cycle number, whereand vasospastic subjects.

<1 healthy volunteers
& vasospastic subjects

TABLE 2. PRIMER AND PROBE SEQUENCES OF MDR1 AND M RP ISOFORMS

Gene Pr obe Forward Priner Reverse Priner

VDR1 5' - AAGCTGT CAAGGAAGCCAATGCCTATGACTT- 3 5' - CTGTATTGI TTGCCACCACGA- 3' 5' - AGGGTGTCAAATTTATGAGGCAGT- 3'
MRP1 5' - CCTCCACTTTGTCCATCTCAGCCAAGAG 3' 5' - GGGCTGCGGAAAGT CGT- 3' 5' - AGCCCTTGATAGCCACGTG- 3'

VRP2 5' - CTCAATATCACACAAACCCTGAACTGECTG 3 5' - ACTGTTGGCTTTGITCTGTCCA- 3' 5' - CAACAGCCACAATGITGGTCTCTA- 3'
VRP3 5' - CCAACCGGT GGCTGAGCATCG 3' 5' - GGTGGATGCCAACCAGAGAA- 3' 5' - GCAGT TCCCCACGAACTCC- 3'

MRP4  5' - CAAACCGAAGACT CTGAGAAGGTACGATTCCT- 3' 5' - AAGTGAACAACCTCCAGITCCAG 3' 5' - GBCTCTCCAGAGCACCATCT- 3
VRP5 5' - CTGACGGAAATCGTGCGGTCTTGG 3 5 5

' - CTGCAGTACAGCTTGITGITAGIGC- 3 ' - TCGGTAATTCAATGCCCAAGTC- 3'

Primer and Probe sequences of MDR1 and MRP isoforms used for TagMan analysis.
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response can either occur as an increase in MDR mRNA due

DISCUSSION to heat shock [27], UV, X and gamma irradiation [28-30] or
In addition to their contribution to the protection of the bodygenotoxic stress [21]. On the other hand induction of inflam-
against xenobiotics and to multidrug resistance in cancer, MDRatory response in experimental models of inflammation in
proteins play an important but not yet fully understood physirats and mice has been demonstrated to decrease the expres-
ological role. sion of PGP at the levels of mMRNA [31]. Thereby, PGP ex-

The role of MDR proteins in the protection against toxicpression is under the control of IL-6 [32].

agents is supported by the wide substrate specificity of these Recently, acute inhibition of MDR1 (P-glycoprotein) and
transporters [2], the fact that MRP isoforms also mediate thelRP2 function by the vasoactive hormone ET-1 [15,16] was
transport of partially detoxified compounds, such as gludemonstrated in sharks and killifish. In the present study we
tathione and glucuronide conjugates, and also by their tisswemonstrate changes in the expression of MDR1 (P-glyco-
distribution. These transporters are present in important phgprotein) and MRP isoform genes in leucocytes of vasospastic
macological barriers, such as in the blood-retina barrier bgubjects manifested in a significant down-regulation of the
the retinal pigment epithelium [21] as well as the endotheliahRNA levels of MDR1 (P-glycoprotein), MRP2 and MRP5
cells of the brain capillaries [22], and in the epithelial cells inn vasospastic patients with elevated plasma concentrations
the choroid plexus [23], both contributing to the blood-brainof ET-1.
barrier. They could be also identified in the brush border mem-  Endothelin is one of the most potent vasoconstrictors and
brane of intestinal cells [19], the biliary canalicular membranevas first discovered by Yanagisawa and co-workers in 1988
of hepatocytes [24,25], and the luminal membrane in proxif33]. There exist three isoforms (ET-1, ET-2, and ET-3), each
mal tubules of the kidney [26]. So they are expressed asveith 21 amino acid. ET-1 is present in many mammalian spe-
consequence of differentiation triggers and in response to enies, including humans. Although vascular endothelial cells
vironmental challenges. Numerous studies revealed that MDR
gene expression is not only influenced by harmful chemicals

i - i i i i ¢ 1200000+ =
and metabolites, but also by stress-evoking stimuli. This stre: ] p=0.085 T IControl
11000007 C__vasospaslic
1000000 P=0.029
2400000 9000004
Z20000H BDDDDD—_
2000000k = 1
L 700000+ L
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) Figure 3. Gene expression of MDR1 and MRP isoforms. Mean gene
2400000 expression of MDR1 and MRP isoform (MRP1 to MRP5) genes in
22000007 healthy controls and vasospastic persons. Error bars represent the

00000+ standard error of the mean.
200000+

= AS00000H
-2 1400000
2 120000 TaBLE 3. MEAN C_VALUES OBTAINED BY TAQMAN ANALYSIS
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Lo e T it T i I
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Threshold cycle (¢ values and cDNA concentration are inversely
Figure 2. Individual gene expression of MDR1 and MRP isoformscorrelated. A decrease by one irv@lues correspond approximately
Individual gene expression of MDR1 (P-glycoprotein) and MRPto a 2 fold cDNA concentration of the gene of interestvalues
isoforms (MRP1 to MRP5) genes: healthy contrdll {asospastic  above 38 cycles are judged to represent no or only trace amount of
personsB). gene expression.
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are the major source of endothelin, it is also produced by & Enkvetchakul D, Loussouarn G, Makhina E, Nichols CG. ATP
wide variety of cell types including renal tubular endothelium,  interaction with the open state of the K(ATP) channel. Biophys
glomerular mesangium, cardiac myocytes, glial cells, the pié;l‘ Hi;fﬁ(e)?g);Rs%ZilgejiG Cole SP. Structural, mechanistic and clini
tuitary, macrophages and mast cells [34]. Endothelins appear ; el ' :
to actymainly rf\)s Ic?cal paracrine/autoc[rin]e peptides, but SECU- cal aspects of MRP1. Biochim Biophys Acta 1999; 1461:359-
lating levels pf er!dothelins a}lso have gre.at biological signifi Senilor AE, al-Shawi MK, Urbatsch IL. The catalytic cycle of P-
cance especially in pathological states of increased serum con-  giycoprotein. FEBS Lett 1995; 377:285-9.
centration [34,35]. 6. Juliano RL, Ling V. A surface glycoprotein modulating drug per-
Two receptors for endothelins have been characterized in - meability in Chinese hamster ovary cell mutants. Biochim
humans, designated E&nd ET, [36,37]. The order of affin- Biophys Acta 1976; 455:152-62.
ity of endothelins for ETreceptor is endothelin-1>endothelin- 7.LingV, Gerlach J, Kartner N. Multidrug resistance. Breast Cancer
2>endothelin-3. EJreceptors show the same affinity for all Res Treat 1984; 4:89-94. _ _
3 endothelins [34,35,37]. Both receptors are expressed in% Pebenham PG, Kartner N, Siminovitch L, Riordan JR, Ling V.
wide variety of tissue types [38-41]. DNA-mediated transfer of multiple drug resistance and plasma

. . . membrane glycoprotein expression. Mol Cell Biol 1982; 2:881-

Concerning leukocytes, opposed results are available: in
the human monocytic cell line THP-1 the presence qf ETg_ kartner N, Riordan JR, Ling V. Cell surface P-glycoprotein asso-
receptor nRNA was detected whereas another monocytic cell  cjated with multidrug resistance in mammalian cell lines. Sci-
line (U937) lacked in its expression of the transcript [42]. ence 1983; 221:1285-8.

The mechanisms of the changes in the expression dP. Gottesman MM, Fojo T, Bates SE. Multidrug resistance in can-
MDR1 (P-glycoprotein) and MRP isoforms in leucocytes of cer: role of ATP-dependent transporters. Nat Rev Cancer 2002;
vasospastic persons are yet not understood. Although little is  2:48-58.

known about the signaling cascades that regulate MRPs, sek: K00 M, de Haas M, Scheffer GL, Scheper RJ, van Eijk MJ, Juijn
g g g JA, Baas F, Borst P. Analysis of expression of cMOAT (MRP2),

er'al plathway? of thelr genelr(:gulatlor:/\?r?lpear to ocgur thrqugh MRP3, MRP4, and MRP5, homologues of the multidrug resis-
stimulation of enviromental factors. lle stress signals in- tance-associated protein gene (MRP1), in human cancer cell
crease levels of MRP1 mRNA [30,43], MRP2 gene expres- |ines. Cancer Res 1997; 57:3537-47.

sion is down-regulated due to inflammatory cytokine releasg2. Borst P, Evers R, Kool M, Wijnholds J. A family of drug trans-

[44]. As mentioned above, in an animal model MDR1 (P-gly-  porters: the multidrug resistance-associated proteins. J Natl

coprotein) and MRP2 mediated transport is under the control  Cancer Inst 2000; 92:1295-302.

of ET-1, which acts here via protein kinase C [15,16]. 13. Flammer J, Pache M, Resink T. Vasospasm, its role in the patho-
There are indications in our experiments that the effect of gen_esis of diseases with particular reference to the eye. Prog

elevated ET-1 levels on the expression of MDR proteins might ~ Retin Eye Res 2001; 20:319-49.

L. . . . . . 14. Pache M, Krauchi K, Cajochen C, Wirz-Justice A, Dubler B,
be indirect: Although various studies provide evidence of thé .
Flammer J, Kaiser HJ. Cold feet and prolonged sleep-onset la-

ET receptors in monocytic cell lines by using binding assays tency in vasospastic syndrome. Lancet 2001; 358:125-6.

or receptor inhibition experiments [42,45], we could demon-5_ pjiller DS, Masereeuw R, Karnaky KJ Jr. Regulation of MRP2-
strate that only trace amounts of mRNA transcripts qfdfiti mediated transport in shark rectal salt gland tubules. Am J
ET, receptor could be detected in isolated mononuclear cells  Physiol Regul Integr Comp Physiol 2002; 282:R774-81.

of healthy controls and vasospastic persons. Compared to prd$- Masereeuw R, Terlouw SA, van Aubel RA, Russel FG, Miller
tate tissue as positive control where both receptors are ex- DS. Endothelin B receptor-mediated regulation of ATP-driven
pressed, mononuclear cells showed a 14 fold and five thou- drug secretion in renal proximal tubule. Mol Pharmacol 2000;
sand fold respectively less expression. 57:59-67.

. P . . &7. Gasser P, Flammer J. Blood-cell velocity in the nailfold capillar-
This view of an indirect mechanism is also corroborate . . . . : )
by th . individual lation b . ies of patients with normal-tension and high-tension glaucoma.
y the poor intraindividual correlation between MDR protein Am J Ophthalmol 1991; 111:585-8.

expression and ET-1 plasma levels. The responsible medialg Goerre S, Staehli C, Shaw S, Luscher TF. Effect of cigarette smok-
ing factors for MDR protein regulation are however not yet  ing and nicotine on plasma endothelin-1 levels. J Cardiovasc
identified. Pharmacol 1995; 26 Suppl 3:5236-8.
19. Leu BL, Huang JD. Inhibition of intestinal P-glycoprotein and
ACKNOWLEDGEMENTS effects on etoposide absorption. Cancer Chemother Pharmacol
We acknowledge and thank Ursula Behrens for the technical 1995; 35:432-6.
assistance and Stephen Carlin for his linguistic advice. Thig0. Maurer HR, Maschler R, Dietrich R, Goebel B. In vitro culture

work was supported by a grant of the Grieshaber Ophthalmic of lymphocyte colonies in agar capillary tubes after PHA-stimu-
Research Foundation lation. J Immunol Methods 1977; 18:353-64.

21. Kennedy BG, Mangini NJ. P-glycoprotein expression in human

REFERENCES retinal pigment epithelium. Mol Vis 2002; 8:422-30 .
32. van Kalken C, Giaccone G, van der Valk P, Kuiper CM,
Hadisaputro MM, Bosma SA, Scheper RJ, Meijer CJ, Pinedo

2. Gottesman MM, Pastan |. Biochemistry of multidrug resistance HM. Multdrug resistance gene (P-glycoprotein) expression in

. ! ; - the human fetus. Am J Pathol 1992; 141:1063-72.
?;ggiéilzb?y the multidrug transporter. Annu Rev Biochem 199323. Rao VV, Dahlheimer JL, Bardgett ME, Snyder AZ, Finch RA,

1. Higgins CF. ABC transporters: from microorganisms to man. Ann
Rev Cell Biol 1992; 8:67-113.

760



Molecular Vision 2003; 9:756-61 <http://www.molvis.org/molvis/v9/a90>

Sartorelli AC, Piwnica-Worms D. Choroid plexus epithelial ex- 34.

pression of MDR1 P glycoprotein and multidrug resistance-as-
sociated protein contribute to the blood-cerebrospinal-fluid drug-
permeability barrier. Proc Natl Acad Sci U S A 1999; 96:3900-

5 35.

24. Accatino L, Pizarro M, Solis N, Koenig CS, Vollrath V, Chianale

25.

26.

27.

28.

29.

30.

31.

32.

33.

J. Modulation of hepatic content and biliary excretion of P-gly-36.

coproteins in hepatocellular and obstructive cholestasis in the
rat. J Hepatol 1996; 25:349-61.

Donner MG, Keppler D. Up-regulation of basolateral multidrug37.

resistance protein 3 (Mrp3) in cholestatic rat liver. Hepatology
2001; 34:351-9.
Gutmann H, Miller DS, Droulle A, Drewe J, Fahr A, Fricker G.

P-glycoprotein- and mrp2-mediated octreotide transport in re38.

nal proximal tubule. Br J Pharmacol 2000; 129:251-6.

Kim SH, Hur WY, Kang CD, Lim YS, Kim DW, Chung BS.
Involvement of heat shock factor in regulating transcriptional
activation of MDR1 gene in multidrug-resistant cells. Cancer
Lett 1997; 115:9-14.

Ohga T, Koike K, Ono M, Makino Y, Itagaki Y, Tanimoto M,
Kuwano M, Kohno K. Role of the human Y box-binding pro-

tein YB-1 in cellular sensitivity to the DNA-damaging agents 40.

cisplatin, mitomycin C, and ultraviolet light. Cancer Res 1996;
56:4224-8.
Hill BT, Deuchars K, Hosking LK, Ling V, Whelan RD.

Overexpression of P-glycoprotein in mammalian tumor cell lines41.

after fractionated X irradiation in vitro. J Natl Cancer Inst 1990;
82:607-12.
Harvie RM, Davey MW, Davey RA. Increased MRP expression

is associated with resistance to radiation, anthracyclines angR.

etoposide in cells treated with fractionated gamma-radiation.
Int J Cancer 1997; 73:164-7.
Piguette-Miller M, Pak A, Kim H, Anari R, Shahzamani A. De-

creased expression and activity of P-glycoprotein in rat live#3.

during acute inflammation. Pharm Res 1998; 15:706-11.
Sukhai M, Yong A, Pak A, Piquette-Miller M. Decreased expres-

sion of P-glycoprotein in interleukin-1beta and interleukin-644.

treated rat hepatocytes. Inflamm Res 2001; 50:362-70.
Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi M,

Mitsui Y, Yazaki Y, Goto K, Masaki T. A novel potent vasocon- 45.

strictor peptide produced by vascular endothelial cells. Nature
1988; 332:411-5.

39.

©2003 Molecular Vision

Inoue A, Yanagisawa M, Kimura S, Kasuya Y, Miyauchi T, Goto
K, Masaki T. The human endothelin family: three structurally
and pharmacologically distinct isopeptides predicted by three
separate genes. Proc Natl Acad Sci U S A 1989; 86:2863-7.

Sakurai T, Yanagisawa M, Masaki T. Molecular characterization
of endothelin receptors. Trends Pharmacol Sci 1992; 13:103-8.

Arai H, Hori S, Aramori |, Ohkubo H, Nakanishi S. Cloning and
expression of a cDNA encoding an endothelin receptor. Nature
1990 Dec 20-27; 348:730-2.

Sakurai T, Yanagisawa M, Takuwa Y, Miyazaki H, Kimura S,
Goto K, Masaki T. Cloning of a cDNA encoding a non-
isopeptide-selective subtype of the endothelin receptor. Nature
1990 Dec 20-27; 348:732-5.

Prayer-Galetti T, Rossi GP, Belloni AS, Albertin G, Battanello
W, Piovan V, Gardiman M, Pagano F. Gene expression and au-
toradiographic localization of endothelin-1 and its receptors A
and B in the different zones of the normal human prostate. J
Urol 1997; 157:2334-9.

Moreland S, McMullen DM, Delaney CL, Lee VG, Hunt JT.
Venous smooth muscle contains vasoconstrictor ETB-like re-
ceptors. Biochem Biophys Res Commun 1992; 184:100-6.

Hayzer DJ, Rose PM, Lynch JS, Webb ML, Kienzle BK, Liu EC,
Bogosian EA, Brinson E, Runge MS. Cloning and expression
of a human endothelin receptor: subtype A. Am J Med Sci 1992;
304:231-8.

Gandhi CR, Behal RH, Harvey SA, Nouchi TA, Olson MS. He-
patic effects of endothelin. Receptor characterization and
endothelin-induced signal transduction in hepatocytes. Biochem
J 1992; 287 (Pt 3):897-904.

King JM, Srivastava KD, Stefano GB, Bilfinger TV, Bahou WF,
Magazine HI. Human monocyte adhesion is modulated by
endothelin B receptor-coupled nitric oxide release. J Immunol
1997; 158:880-6.

Oosthuizen MM, Nel MJ, Greyling D. Heat shock treated oe-
sophageal cancer cells become thermosensitized against anti-
cancer drugs. Anticancer Res 2000 Jul-Aug; 20:2697-703.
Sukhai M, Piquette-Miller M. Regulation of the multidrug resis-
tance genes by stress signals. J Pharm Pharm Sci 2000 May-
Aug; 3:268-80.

McMillen MA, Huribal M, Cunningham ME, Kumar R, Sumpio
BE. Endothelin-1 increases intracellular calcium in human
monocytes and causes production of interleukin-6. Crit Care
Med 1995; 23:34-40.

The print version of this article was created on 31 Dec 2003. This reflects all typographical corrections and erratel®ttirewgh that
date. Details of any changes may be found in the online version of the article.

761



