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Effect of itraconazole on the biliary secretion of phospholipids in vitro and in vivo.
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PP-183 A bacterial multidrug ABC transporter, BmrA, investigated by H/D
exchange mass spectrometry

Shahid Mehmood, Jean-Michel Jault, Eric Forest
Institut de Biologie Structurale, 41, rue Jules Horowitz, Grenoble, 38027, France

BmrA (Bacillus multidrug resistance ATP) is a homo-dimer belonging to the ABC transporter family and some
of its members are known to be responsible for resistance against a broad spectrum of antibiotics and
chemotherapeutic drugs in bacteria and mammalian cells. Excretion of toxic substances from cells is another
vital function performed by these transporters while in prokaryotes they are also involved in import of small
molecules like sugar, peptides and metal ions.

Here, H/D exchange in combination with mass spectrometry was used to determine the accessibility of
different regions of the transporter, transmembrane helices (TMH), intracellular loops (ICL) and nucleotide-
binding domain (NBD), in different conformations.

Deuterium exchange was carried out on different conformations of wild-type BmrA, either in the apo form or in
the presence of ATP + Mg * Vi. The deuterium exchange profile was also monitored for the mutant E504A
which is unable to hydrolyse ATP and forms a tight complex with ATP-Mg mimicking the closed form of wild-
type BmrA. Local H/D exchange kinetics were performed by digesting the deuterated samples with two acidic
proteases separately resulting in some overlapping peptides. These overlapping peptides were helpful to
obtain more precise information about some specific regions of BmrA. H/D exchange data of the apo protein
showed an overall good correlation with the BmrA topology predicted by homology with the 3-D structures of
Sav1866 or MsbA, except for ICL2. Peptides covering cis-ICL2 of transmembrane domain interacting with
trans-NBD showed the highest difference in deuterium intake, strongly suggesting the free and restricted
movement of the loop in open and closed states, respectively. The regions which are involved in NBD-NBD
interaction clearly showed less exchange in BmrA-ADP-Vi complex and for the mutant E504A (ATP-Mg
complex). Also significant difference was noticed at Walker B and following adjacent region which are involved
in ATP binding and dimerization of NBDs, respectively.

The conditions are being optimized to carry out the deuterium exchange in membranes with overexpressed
protein and/or after reconstitution of protein in liposomes.

PP-184 Effect of itraconazole on the biliary secretion of phopholipids in
vitro and in vivo

Hiroshi Suzuki, Takashi Yoshikado, Takehito Yamamoto, Hiroko Yamaiji, Kousei lto, Tappei
Takada

Dept of Pharmacy, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan

The multidrug resistance gene 3 (MDR3/ABCB4) and the bile salt export pump (BSEP/ABCB11) on the
canalicular membrane of hepatocytes mediate the biliary secretion of phospholipids and bile salts,
respectively, and genetic defects in these transporters cause the progressive familial intrahepatic cholestasis.
In the present study, we focused on the effects of itraconazole on the function of these two transporters, since
this drug may cause the drug-induced cholestasis. After intravenous administration of itraconazole to rats, the
biliary secretion of phospholipids, rather than that of bile salts, was markedly decreased. Itraconazole had
little effect on the function of BSEP in MDCK Il cells doubly transfected with cDNAs for Na*/taurocholate
cotransporting polypeptide (NTCP/SLC10A1) and BSEP. In contrast, the cellular extrusion of isotopically
labeled phosphatidylcholine in MDR3-overexpressing cells was significantly decreased by itraconazole in a
concentration-dependent manner. These results suggested that the inhibitory effect of itraconazole on the
MDR3-mediated extrusion of phosphatidylcholine is involved in the itraconazole-induced cholestasis. The
evaluation system used for the functional analyses of BSEP and MDRS3 in the present study may be useful in
analyzing the mechanisms of drug-induced cholestasis and in evaluating the risks of drug-candidates to cause
cholestasis.
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1-B1-17-2

GENOMIC AND METABOLOMIC ANALYSIS OF PATIENTS SUFFERED FROM DRUG INDUCED LIVER
INJURY

Takehito Yamamoto', Masashi Honma', Tomoyoshi Sogaz, katsushi Tokunaga3 , Masaki Matsushita®, Hiromitsu Yokota®,
Yutaka Yatomi®, Haruhiko Yoshida®, Jun Goto”*, Shoji Tsuji"® and Hiroshi Suzuki'

'Department of Pharmacy “Department of Clinical Laboratory, *Department of Gastroenterology, 'Department of
Neurology and "Department of Genome medicine, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8655, ’Institute for Advanced Biosciences, Keio University, 246-2 Kakuganji-Azamizukami, Tsuruoka, Yamagata
997-0052, 3Department of Human Genetics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655,
“Institute for Biotechnology Research, Wakunaga Pharmaceutical, 1624 Shimokoutachi-Koudacho, Akitakata,
Hiroshima 739-1195,

[Purpose] This study aims to investigate the mechanisms and risk factors of drug induced liver injury (DILI) from
genomic and metabolomic perspectives. [Methods] DNA samples were obtained from DILI patients in our hospital,
and were subjected to genomic analysis especially focusing the drug metabolizing enzymes, transporters and human
leukocyte antigen (HLA) gene. Residual serum samples were also collected from clinical laboratory and were
subjected to the metabolomic analysis. [Results and Discussion] HLA-B*27 allele, which is very rare in Japanese and
thought to modulate the immune response, was detected in 2 DILI patients, indicating that immune systems plays some
role in onset of DILI. Furthermore, metabolomic analysis revealed that serum levels of ophthalmate related
compounds, putative marker of glutathione depletion, tend to increase along with the progression of DILI in certain
patients, indicating that the glutathione depletion is the key step for onset or progression of certain type of DILI. From
these results, it is expected that the advanced classification of DILI is achieved by utilizing the ophthalmate related
compounds in addition to the typical liver markers, and our understandings of the mechanisms of DILI is promoted.

1-B1-17-3

HYPOXANTHINE ATTENUATES THE DEVELOPMENT OF ACUTE LIVER FAILURE VIA THE
INCREASE OF INOSINE MONOPHOSPATE (IMP) IN RATS

Masanari Kozawa', Masashi Honma', Atsushi Chiba’, Tomoyoshi Sogaz, Haruhiko Yoshida®, Takehito Yamamoto', Yuki
Tkebuchi', Kousei Ito' and Hiroshi Suzuki'

'Department of Pharmacy, The University of Tokyo Hospital, Faculty of Medicine, The University of Tokyo, 7-3-1
Hongo, Bunkyo-ku, Tokyo 113-8655, Japan, *Institute for Advanced Biosciences, Keio University, Yamagata 997-0017,
Japan, *Department of Gastroenterology, The University of Tokyo Hospital, Tokyo 113-8655, Japan.

[Purpose] Previously we analyzed 60 serum samples obtained from drug-induced liver injury (DILI) patients using
capillary electrophoresis mass spectrometry and found that the concentration of hypoxanthine tends to decrease with
increasing the severity of DILI. However, the involvement of hypoxanthine in DILI development has been poorly
understood.  The aim of the present study was to investigate the role of purine-metabolites in the development of acute
hepatic failure. [Methods] Acute liver injury was induced by administration of a-naphthyl isothiocyanate (ANIT),
carbon tetrachloride (CCly) intraperitoneally to wistar rats.  Adenine, adenosine, guanine, guanosine, hypoxanthine and
inosine were administered, respectively after administration of ANIT and CCl,. Plasma levels of alanine
aminotransferase (ALT) and bilirubin were measured as indicators of liver injury. [Results and Discussion]
Hypoxanthine and inosine treatment significantly suppressed the elevation of ALT and bilirubin in ANIT-induced liver
injury, but other purine-metabolites showed no effect. Hypoxanthine also reduced the ALT value in CCly-treated rats.
In addition, 6-mercaptopurine, an inhibitor of salvage pathway from hypoxanthine to inosine monophosphate, blocked
the effect of hypoxanthine on ANIT-induced cholestatic injury. Now, we are analyzing the change in concentrations of
purine-nucleotides in the liver after co-administration of hypoxanthine with ANIT and CCly in order to particularly
investigate the involvement of ATP in the development of acute liver injury.
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PP-126 Functional analysis of ABCB4 and its mutants in vitro
Hiroshi Suzuki, Takashi Yoshikado, Kouset Ito, Tappei Takada A
Dept of Pharmacy, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyc-ku, Tokyo, 113-8655, Japan

ABCB4 (MDR3) on the bile canalicular membrane mediates the efflux of phospholipids into bile. Mutations in
ABCB4 are known to cause liver disorders ranging from gallstone disease, intrahepatic cholestasis of
pregnancy (ICP) to progressive familial intrahepatic cholestasis 3 (PFIC3). In the present study, we performed
in vitro functional analysis of ABCB4 and Its mutations reported in PFIC3 (V425M) and ICP (A546D) patients.
For the analysis, we prepared the recombinant adenoviruses carrying the wild fype and mutated type of
human MDR3, and Infected them to LLC-PK1 cells. The Westem blot analysis indicated that the wild-type and
V425M mutant were pradominantly detectable as a mature and fully-glycosylated form, whereas A546D
mutant may be expressed as an immature form. It is expecled that the less glycasylation results from its retain
in the endoplasmic reticulum. Treatment with MG132, a proteasome inhibitor, increased the expression of
immature form, suggesting that A546D mutant may be degraded via ubiquitin-proteasome pathway. In
addition, Immunostaining and cell surface biotinylation experiments indicated that A546D mutant was
expressed Intracellularly, whereas the wild-type and V425M mutant were predominantly localized on the apical
membrane of LLC-PK1 cells. We also examined the function of wild type and mutated ABCB4 by detecting
[““Clphosphatidylcholine (PC) after preincubation of the cells with ['“Clcholine. For this experiment, 2 mM of
taurocholic acid (TCA) was used as an acceptor of PC. The efflux of PC from LLC-PK1 cells infected
expressing the wild-type and V425M mutant ABCB4 was significantly higher than that from control celis,
whereas A546D mutation caused large reduction in the efflux of PC. We also examined the’effect of
tauroursodeoxycholic acid (TUDCA), which is effective in the treatment of some kinds of cholastatic diseases.
" We found that the efflux of PC from LLE-C-PK1 cells expressing the wild-type ABCB#4 was more efficient in the
presence of 1 mM TCA and 1 mM tauroursadeoxycholic acid (TUDCA) rather than that in the presence of 2
mM TCA. Collectively, the function of A546D ABCB4 was impaired due to its defect in the protein maturation,
whereas V425M mutation showed no significant difference from the wild-type ABCB4 In our éxpeﬁments. The
results of the present study also suggested that the pharmacological effect of TUDCA might be partly
accounted for by the facilitation of ABCB4 activity. N . _

PP-126 Regulation of ATP-binding cassette transporters in'human end-
stage heart failure: Impact on channel conductivity and drug disposition

Thomas F. Solbach, Barbara Paulus, Oliver Zolk, Martin F. Fromm ‘

Institute of Clinical Pharmacology and Clinical Toxicology, University Eangen-Nuremberg, Fahirstrasse 17,
Edangen, 91054, Germany

Infroduction: ATP-binding cassette (ABC) transporters are involved in energy-dependent transport of

substrates across biological membranes. We hypothesized that their expression is altered during heart failure
suggesting a (patho-) physiological role. ' '

- Methods and rasuits: Changes in the expression profile of all 48 human ABC transporters were investigated
systematically in left ventricular tissue samples from 18 explanted failing hearts (NYHA IlI-IV) and 11 non-
failing (NF) donor hearts. We Identified multiple, alterations in ABC transporter expression. These include a
loss of CFTR (ABCC7) chloride channels and a changed expression of SUR1/SUR2 (ABCC8/ABCCS)
isoforms, which most likely contribute to impalred channel conductance and increased risk of cardiac
arrhythmia. Of note, BCRP, an efflux pumg for xenobiotics/drugs, was expressed at much higher levels in
. falling hearts compared to non-failing control samples. BCRP was found In cardiac capillary endothelial cells
 and the sarcolemma of cardiomyocytes. ABCG2 was found in cardiac capillary endothelial cells and
cardiomyocytes. Experiments In cells stably transfected with human ABCG2 revealed that the PPAR-O agonist
rosiglitazone was transported by ABCG2 but also inhibited the export of the prototypical ABCG2 substrate
pheophorbide A (IC50 25 pM). Furthermore, the antiarrhythmic drug propafenone’ significantly interacts with
BCRP (IC50 262 pM). In contrast, aldosterone and the commonly prescribed cardiovascular drugs
prapranalal, metoprolol, bisoprolol and digoxin were excluded as BCRP substrates.

Conclusion; The results suggest that altered ABC transporter expressiori in falling hearts might contribute to
impaired channel conductance or might affect the cardiac disposition of drugs. '
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