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The multidrug-resistant transporter encoded by the MDR 1 gene belongs to the ATP-binding cassette superfamily of
membrane transporters. It is involved not only in the acquisition of multidrug-resistance phenotypes in cancer cells but
also in normal tissues such as the brain, kidneys, liver, and intestines. This transporter has the potential to export un-
necessary or toxic exogenous substances or metabolites, and in the intestine it is thought to play a role in limiting the oral
absorption of a number of structurally unrelated drugs. In 2000, Hoffmeyer ef al. performed a systemic screening for
MDRI polymorphisms and suggested that a single-nucleotide polymorphism (SNP) in exon 26 of the MDRI gene
(C3435T) was associated with a lower level of intestinal MDR1 expression, and thereby with lower plasma concentra-
tions of digoxin after oral administration. At present, over 20 SNPs have been found in the MDR1 gene. Clinical studies
on the effects of C3435T on MDRI1 expression and function in the tissues, and consequently on the pharmacokinetics,
have been performed worldwide. In this review, the latest reports concerning the relationship of MDR1 genotypes with
pharmacokinetics and MDRI1 expression are summarized. Our experimental results demonstrate the importance of
genetic polymorphisms at positions 3435 and 2677 in the MDR 1 gene on pharmacokinetics and intestinal MDR1 expres-
sion. In the future, haplotype analysis of the MDRI gene and subsequent classification of subjects are needed for in-
dividualized pharmacotherapy based on MDRI genotyping.
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AV, Hoffmeyer 513 188 AOHAZEZRH£EL T
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Table 1. MDRI Genotype—Related Pharmacokinetics after Single or Multiple Oral Administrations

Polymorphism Subjects Drugs Regimen Parameters Results Reference

A61G Healthy, Caucasian Digoxin Single AUCy 4, Chax AA=AG 22

G1199A Healthy, Caucasian Digoxin Single AUCy 4, Chax GG=GA 22

G2677A, T Healthy, Fexofenadine  Single AUC, 4 GG>GT>TT 9
European American
Healthy, Japanese Digoxin Single AUCy 4 GG=GT=TT 10
Healthy, Caucasian Fexofenadine  Single AUC, Cpax GG=GT=TT 21
Healthy, Caucasian Digoxin Single AUCy 4, Chax GG=GM=MM?9 22
Healthy, Japanese Digoxin Single AUC GG<GTLTT? 23
Healthy, Caucasian Talinolol Single or AUC or AUCy o4 GG<GM < MM 18

steady-state®

C3435T Healthy, Caucasian Digoxin Single? AUC) 14 CC<LCTLTIT 5
Healthy, Caucasian Digoxin Single Crnax.ss CC<LTT 5
Healthy Digoxin Single AUCy 24, Chax CC=CT=TT 199
Healthy Digoxin Single AUCy 54 CC<TT 20
Healthy, Fexofenadine  Single AUC 4 CC=CT>TT 9
European American
Healthy, Japanese Digoxin Single AUCy 4 CC>CT=TT 7
Healthy, Caucasian Fexofenadine  Single AUC, Cpax CC=TT 21
Healthy, Caucasian Digoxin Single AUCy 4, Chax CC=CT=TT 22
Healthy, Japanese Digoxin Single AUC CCLCTLTT 23
Patients, Caucasian Nelfinavir Steady-state  Cipin,ss CC>CT>TT 24
Healthy, Caucasian Digoxin Steady-state  Ciinss CC<LCTLTT 25
Healthy, Caucasian Talinolol Single or AUC or AUC; 4 CC=CT=TT 18

steady-state®

Patients, Caucasian Cyclosporin A Steady-state  Stable dose”), Cpinss CC=CT=TT 26
Healthy, American® Cyclosporin A Single AUC, Cpax CC=CT+TT 27
Healthy, Japanese Digoxin Single® Absorption rate® CC>TT 28

This list was based on the review article by Sakaeda et al.!” a) For position 2677, M means A or T. b) Subjects with GG2677, GT2677 and TT2677 showed the geno-
type CC3435, CT3*3 and TT3433, respectively. ¢) Data were either of those after single oral administration or those at steady-state. d) Data were under rifampin in-
duction. e) The authors conducted the investigation again (ref.20). f) Dose of cyclosporin A to maintain trough concentration was examined in renal transplant
recipients. g) Study was done in 11 African Americans and 3 Caucasians. #) Digoxin saline solution was sprinkled directly over the surface of the duodenum, and
the absorption rate was determined from the initial increase of serum concentration.

CC5, CT*S RN TT*S 269 & TN
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BEHBEZRLEZ.OULMLENS, KR,
Drescher 520 %> Gerloff 52213, B[RO EHZ D
TrxFYV T F o F T 0MmEEFEEN
C3435T B FRICIMMKEFEL W 2 W& Lk,
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Fig. 1. Serum Concentration-Time Profiles of Digoxin after Single Oral Administration for Three Genotype Groups
Left panel: CC33, central panel: CT35, right panel: TT335, AUC, 4, values (ng h/ml) (+SD) were 4.11+0.57, 3.20+0.49 and 3.27+0.58, respectively,
with significant difference between CC3435 and CT3*35 or TT345, AUC,_o4}, values (ng h/ml) (+SD) were 8.84+3.28, 5.80+1.94 and 5.74 +3.04, respectively. The

details are in ref.7).
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Table 2. MDRI Genotype—Related Expression of MDR1 Protein or mRNA

Polymorphism Subjects Expression of Tissue Results Reference

T-129C Healthy, Japanese Protein Placenta TT>TC 14
Healthy, Japanese mRNA Duodenum TT=TC 38

C1236T Patients mRNA? Bone marrow GG=GT=TT 37

G2677A, T Healthy, Japanese Protein Placenta GG>GM>MM? 14
Healthy, Caucasian Protein, mRNA Duodenum GG=GM=MM? 18
Patients mRNA® Bone marrow GG<GT or TT 37
Healthy, Japanese mRNA Duodenum GG<GM or MM? 38

C3435T Healthy & patients, Caucasian Protein Duodenum CC>CT>TT? 5
Healthy, Japanese Protein Placenta CC=CT=TT 14
Healthy, Caucasian mRNA Leukocytes CC=CT=TT? 34
Healthy, Japanese mRNA® Duodenum CC<LCTLTT 35
Healthy, Caucasian Protein, mRNA Duodenum CC=CT=TT 18
Patients, Caucasian Protein Kidneys” CC>TT 36
Patients mRNA® Bone marrow CC<CTorTT 37

This list was based on the review article by Sakaeda et al.'” @) MDR1 mRNA level was determined in mononuclear blood cells isolated from bone marrow sam-
ples. b) For position 2677, M means A or T. ¢) The study with a subpopulation of n=8 suggested the MDR1 expression after rifampicin induction also gave the
same result. d) In CD56" NK cells, rhodamine 123 fluorescence was higher, that is, MDR1 protein function was lower in TT3435. ¢) MDR1 mRNA expression
was significantly correlated with CYP3A mRNA in 51 duodenum biopsy specimens. f) Noncancerous renal tissues were obtained from the patients with renal

epithelial tumor.
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Fig. 2. Relative Concentrations of MDR1 mRNA for Three
Genotype Groups of Healthy Japanese Subjects
Each point represents the mean concentration of MDR1 mRNA in more
than 3 duodenal biopsy specimens for each subject, determined by real time
quantitative RT-PCR. Each bar represents the average and standard error.
The details are in ref.34) .
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