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ffect of OATP1B1 (SLCO1B1) variant
lleles on the pharmacokinetics of
itavastatin in healthy volunteers

Background: Pitavastatin is a potent, newly developed 3-hydroxy-3-methylglutaryl–coenzyme A reductase
inhibitor for the treatment of hyperlipidemia. We characterized the effects of organic anion transporting
polypeptide 1B1 (OATP1B1) alleles *1a, *1b, and *15 on the pharmacokinetics of pitavastatin.
Methods: Twenty-four healthy Korean volunteers who had previously participated in a pharmacokinetic study
of pitavastatin (single oral dose, 1-8 mg) were further investigated. Subjects were grouped according to
OATP1B1 genotype. Dose-normalized area under the plasma concentration–time curve (AUC) and peak
plasma concentration (Cmax) values were analyzed, because different dosages were administered to subjects,
whereas the pharmacokinetics showed linear characteristics.
Results: Dose-normalized pitavastatin AUCs for *1b/*1b (group 1), *1a/*1a or *1a/*1b (group 2), and
*1a/*15 or *1b/*15 (group 3) were 38.8 � 13.3, 54.4 � 12.4, and 68.1 � 16.3 ng · h · mL�1 · mg�1 (mean
� SD), respectively, with significant differences between all 3 groups (P � .008) and between subjects
carrying and those not carrying the *15 allele (P � .004). Dose-normalized pitavastatin Cmax values were 13.2
� 3.3, 18.2 � 5.7, and 29.4 � 9.6 ng · mL�1 · mg�1 in groups 1, 2, and 3, respectively, and also showed
significant differences (P � .003) in a manner similar to that shown by AUC. No significant differences were
found between the genotype groups in terms of dose-normalized AUC or Cmax values of pitavastatin lactone.
Conclusion: OATP1B1 variant haplotypes were found to have a significant effect on the pharmacokinetics of
pitavastatin. These results suggest that the *15 allele is associated with decreased pitavastatin uptake from
blood into hepatocytes and that OATP1B1 genetic polymorphisms have no effect on the pharmacokinetics of
pitavastatin lactone. (Clin Pharmacol Ther 2005;78:342-50.)
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Pitavastatin is a potent inhibitor of 3-hydroxy-3-
ethylglutaryl–coenzyme A (HMG-CoA) reductase

nd was developed for the treatment of hypercholester-
lemia.1 In humans, pitavastatin is only minimally me-
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abolized by the cytochrome P450 2C9 isozyme.2 The
ajor metabolic pathway of pitavastatin involves its

nitial glucuronidation by uridine diphosphate–glucu-
onosyltransferase and then spontaneous lactonization
y the elimination of the glucuronide moiety.3 More-
ver, the lactone form can be reversibly converted to
he parent drug.4 Given the specific distribution of
itavastatin in the liver,5 the hepatic uptake of pitavas-
atin through membrane transporters is likely to be a
ajor determinant of drug disposition, as is the case for

ther HMG-CoA reductase inhibitors (pravastatin, ro-
uvastatin, and cerivastatin).

Human organic anion transporting polypeptide 1B1
OATP1B1/OATP-C/OATP2, SLCO1B1) is expressed
t the basolateral membrane of hepatocytes, and
ATP1B1 plays an important role in transporting a

road range of compounds including bile acids, sulfate,
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nd glucuronide conjugates. Moreover, it makes a sub-
tantial contribution to the hepatic uptake of HMG-
oA reductase inhibitors (statins).6 Recently, the trans-
orter responsible for the hepatic uptake of pitavastatin
n humans was identified as OATP1B1, which could
ccount for 90% of the total hepatic uptake of pitava-
tatin.7

Because the OATP1B1-mediated hepatic uptake of
tatins is important in terms of enhancing therapeutic
fficacy and minimizing excess systemic exposure,
hich could cause adverse reactions, the presence of a

unctionally deleterious polymorphism in the
ATP1B1 gene may increase the risk of statin-
ediated rhabdomyolysis.8 Recently, a number of

ingle-nucleotide polymorphisms (SNPs) were identi-
ed in this gene,9,10 and most of these SNPs were
ssociated with a significant reduction in transporter
ctivity in vitro.9 Moreover, commonly occurring SNPs
uch as A388G (N130D) and T521C (V174A) were
ound to cause a marked alteration in the disposition of
ravastatin in several in vivo studies.11,12 Specifically,
he OATP1B1*15 (A388G and T521C) allele was as-
ociated with increased pravastatin plasma levels in
umans as compared with the OATP1B1*1b (A388G)
llele, which is most common (approximately 46%) in
apanese subjects.11 In another study the OATP1B1*5
T521C) allele, a variant seen in European Americans,
as found to have delayed pravastatin hepatocellular
ptake and increased plasma levels, whereas the
ATP1B1*1b allele showed accelerated transporter ac-

ivity versus the *1a allele, also known as the wild
ype.12

Although pitavastatin is less hydrophilic than prav-
statin or rosuvastatin,13 genetic polymorphisms of
ATP1B1 would be expected to affect the pharmaco-
inetics of pitavastatin because of its high liver speci-
city and OATP1B1-dependent hepatic uptake. In this
tudy we investigated the relationships between poly-
orphisms in the OATP1B1 gene and the pharmacoki-

etics of pitavastatin (and pitavastatin lactone) in
ealthy Korean subjects to determine to what extent its
harmacokinetic (PK) variability is explained by
nown OATP1B1 alleles.

ETHODS
Subjects. Twenty-four healthy, unrelated Korean
ale subjects were enrolled in a PK study, in which

ubjects were randomly allocated to 1 of 4 groups as
ollows: 1 mg, 2 mg, 4 mg, or 8 mg pitavastatin (n �
for each group). Genotypes were assessed retrospec-

ively and were related to the PK results. All subjects

ere ascertained to be healthy by medical history, a B
hysical examination, vital signs, 12-lead electrocardi-
graphy, and routine clinical laboratory tests performed
ithin 3 weeks before the start of this study. Regular
eavy drinkers, smokers of more than 10 cigarettes per
ay, and subjects with a body weight differing by more
han 20% from the ideal weight were excluded. A
rinary drug-screening analysis by use of REMEDi HS
Bio-Rad Laboratories, Hercules, Calif) was used to
xclude drug abusers. No medications, herbal drugs,
lcohol, beverages containing caffeine, or grapefruit
roducts were permitted from 7 days before the study
nd for the duration of the study. This study was
pproved by the Institutional Review Board of Seoul
ational University Hospital, Seoul, Korea. All proce-
ures were performed in accordance with the recom-
endations of the Declaration of Helsinki on biomed-

cal research involving human subjects and with the
nternational Conference on the Harmonization of
echnical Requirements for the Registration of Phar-
aceuticals for Human Use–Good Clinical Practice

uidelines. Written informed consent for participation
n the study and genotyping was obtained from all
ubjects before enrollment.

Clinical study. This was a dose-rising, parallel-
roup study. Subjects were randomly assigned to 1 of 4
ose groups taking 1, 2, 4, or 8 mg. After an overnight
ast, all subjects were given a single dose of pitavastatin
Libalo tablet; Choongwae Pharma, Seoul, Korea) or a
lacebo with 200 mL water at approximately 9 AM.
ubjects were kept in a fasting state until 4 hours after
rug administration, except for 200 mL water at 2 and
hours after dosing. Venous blood samples for PK

nalysis (8 mL) were collected via an intravenous cath-
ter before and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, and
2 hours after dosing. Blood sampling for genotyping
as also done before drug administration, and
ATP1B1 genotyping was done after the end of the

tudy. Alcohol, soft drinks, smoking, drugs, and bev-
rages containing caffeine were prohibited during the
tudy.

OATP1B1 genotyping. Genomic deoxyribonucleic
cid (DNA) was extracted from ethylenediaminetet-
aacetic acid–treated venous blood by use of a QIAamp
NA Blood Mini Kit (Qiagen, Hilden, Germany). The
ational Center for Biotechnology Information refer-

nce sequence used for the OATP1B1 (SLCO1B1) gene
as NM_006446. To determine the presence or ab-

ence of the 3 alleles, OATP1B1*1a, *1b, and *15,
NA near 2 polymorphic sites, A388G and T521C,
as amplified by polymerase chain reaction (PCR),
hich was followed by SNaPshot analysis (Applied

iosystems, Foster City, Calif). The sequences of the
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orward and reverse primers used were as follows:
�-GGGGAAGATAATGGTGCAAA-3� and 5�-
GGCAGGTTTATCATCCAGT-3�, respectively, for
388G SNP and 5�-CAGCATAAGAATGGACTA-
TACACC-3� and 5�-TGGACCAATCATTGCTAT-
G-3�, respectively, for T521C SNP. PCR reactions were
erformed in a volume of 20 �L consisting of 1.5-mmol/L
agnesium chloride, 250-�mol/L deoxyribonucleoside

riphosphates, 0.5 pmol of each primer, and 0.25 U of
mpliTaq DNA polymerase (Applied Biosystems). After

n initial denaturation at 94°C for 10 minutes, DNA was
mplified over 30 cycles (denaturation at 95°C for 30
econds, annealing at 60°C for 1 minute, and extension at
2°C for 1 minute), and this was followed by an extension
t 72°C for 7 minutes. For SNaPshot analysis, PCR prod-
cts were purified with exonuclease I and shrimp alkaline
hosphatase (USB, Cleveland, Ohio) and mixed with Am-
liTaq DNA polymerase and 4 fluorescently labeled
ideoxynucleoside triphosphates in the reaction buffer
ontained in an ABI Prism SNaPshot multiplex kit (Ap-
lied Biosystems) according to the manufacturer’s proto-

ig 1. Linear regression of pharmacokinetic parameter (area
nder plasma concentration–time curve [AUC]) of pitavasta-
in versus dose. Dashed lines represent 95% confidence in-
ervals including 0 at 0-mg dose. The slope is significantly
ifferent from 0 (R2 � 0.8614).
ol. The internal reverse primer sequences used for the s
ingle-base extension were 5�-GTCGATGTTGAATTT
CTGATGAAT-3� and 5�-TCCACGAAGCATATTA
CCATGAAC-5� to detect A388G and T521C, respec-

ively. The primers were extended over 25 cycles of 96°C
or 10 seconds, 50°C for 5 seconds, and 60°C for 30
econds. Amplicons were then purified by use of exonu-
lease I and shrimp alkaline phosphatase and analyzed on
n ABI Prism 3700 Automated Sequencer (Applied Bio-
ystems). DNA sequences near polymorphic sites were
onfirmed by direct sequencing.

Drug concentration analysis and pharmacokinetics.
lasma concentrations of pitavastatin were determined
y HPLC with ultraviolet detection. An aliquot of 1 mL
lasma was mixed with 225 �L 2N potassium phos-
hate and 6 mL methyl tert-butyl ether, which included
00 �L of internal standard (isopropyl pitavastatin at
.1 �g/mL). After centrifugation for 10 minutes, 100
L of the supernatant was injected into an HPLC

ystem (Nanospace SI-2; Shiseido Fine Chemicals, To-
yo, Japan). A mobile phase of 0.2-mol/L acetate/
cetonitrile (50:50 [vol/vol], pH 4.0) was used at a flow
ate of 0.8 mL/min through a C18 column (150 �
.6–mm internal diameter, 5.0-�m particle size) (Cos-
osil AR-II; Nacalai Tesque, Kyoto, Japan). The lower

imit of quantification was 0.5 ng/mL, and calibration
urves were linear over the concentration range 0.5 to
00 ng/mL (r � 0.98). The accuracy of this assay was
ithin the range of 96.4% to 116.8%, and the interbatch

oefficient of variation was less than 9.2% over the
alibrated range.

PK parameters were calculated by use of actual sam-
ling times. The maximum drug concentration in
lasma (Cmax) was determined from the observed val-
es. Plasma concentrations of the terminal phase were
tted to a log-linear line by the least squares method to
btain the terminal half-life. The area under the time-
oncentration curve (AUC) was calculated by use of a
ombination of the trapezoidal rule and extrapolation to
nfinity by use of the elimination rate constant. AUC
nd Cmax were normalized with respect to administered
ose to allow PK parameters to be compared for the
ifferent genotypes. Linear dose proportionality of
ose-normalized PK parameters was confirmed by
-way ANOVA (P � .05) and linear regression (Fig 1).
inNonlin, version 4.0.1 (Pharsight, Mountain View,

alif) was used for the PK analysis.
Statistical analysis and modeling. Comparisons of

he PK parameters between genotype groups were
ade nonparametrically by use of the Kruskal-Wallis

est for multigroup comparisons and the Mann-Whitney
est for 2-group comparisons. P � .05 was considered

tatistically significant.
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To quantify the proportional contributions made by
he individual alleles to PK parameters, we constructed
linear additive model as follows:

AUC � Q1 · �*1a � Q2 · �*1b � Q3 · �*15 (1)

n which Q1, Q2, and Q3 are variables dependent on
enotypes. The AUC of the 5 OATP1B1 genotypes
*1a/*1a, *1a/*1b, *1b/*1b, *1a/*15, and *1b/*15)
as modeled as the sum of 2 partial THETAs values of

he 3 alleles (�*1a, �*1b, and �*15 for the OATP1B1 *1a,
1b, and *15 allele–related AUC, respectively). For
xample, for genotype *1a/*1a, Q1 equals 2, Q2 equals
, and Q3 equals 0, and for genotype *1b/*15, Q1
quals 0, Q2 equals 1, and Q3 equals 1. In this manner
e calculated the proportional contribution to AUC
ade by each allele. In the case of Cmax, the same
ethod was applied in the analysis. Model fitting was

one by use of NONMEM, version V (GloboMax,
anover, Md), by use of PRED, which enables flexible
odel coding.

ESULTS
Subjects were grouped by allele pairs of

ATP1B1*1a, *1b, or *15 or by OATP1B1 T521C
NP pairs to investigate the effect of the OATP1B1
enotypes (Table I). Subjects were grouped into 3
roups according to allele pairs (*1b homozygous, *1a/
1b heterozygous � *1a homozygous [only 1 subject],
nd *15 heterozygous) or into 2 groups by T512C SNP
TT or TC). These groupings were based on the fact
hat only 1 subject with *1a/*1a was studied, and
onsiderations of statistical comparative power were taken

able I. Demographic summary of subjects according

Genotype group

1 2 3

Genotype *1b/*1b (n � 4) *1a/*1a (n � 1) *1a/*15
*1a/*1b (n � 8) *1b/*15

Dose (No.)
1 mg 3 3 0
2 mg 1 1 4
4 mg 0 3 3
8 mg 0 2 4

Age (y) 22.5 
 1.7 23.8 
 2.3 24.4
Height (cm) 177 
 2.4 173 
 3.9 174 

Weight (kg) 70.9 
 6.5 65.9 
 6.0 69.5 


Data are given as mean 
 SD. Haplotypes *1a, *1b, and *15 are determin
OATP1B1, Organic anion transporting polypeptide 1B1; SNP, single-nucle
†ANOVA for 3 groups.
‡Two-sample t test.
§Fisher exact test.
nto account. Also, it had been previously reported that the (
15 allele (or T512C SNP) has a significant impact on the
harmacokinetics of pravastatin.12

Demographic characteristics of subjects and dosages
dministered were not significantly different among the
enotype groups according to OATP1B1 haplotype
airs or T512C SNP. Representative pitavastatin and
itavastatin lactone plasma concentration–time profiles
ersus genotypes are shown in Fig 2.
Mean dose-normalized AUC and Cmax values in ge-

otype group 3 (OATP1B1*15/*1a or OATP1B1*15/
1b) were 68.1 ng · h · mL	1 · mg	1 and 29.4
g · mL	1 · mg	1, respectively, which were 1.8- and
.2-fold higher than those values (38.8
g · h · mL	1 · mg	1 and 13.2 ng · mL	1 · mg	1, re-
pectively) in group 1 (OATP1B1*1b/*1b) (Table II
nd Fig 3). Tendencies toward an increase in AUC and

max, as well as a decreasing trend in the volume of
istribution, were noted on moving from genotype
roup 1 to 2 to 3 in sequence, although no significance
ifference was observed between groups 1 and 2.
Statistically significant differences for dose-normalized

UC and Cmax values of pitavastatin were found among
he 3 genotype groups (P � .008 and P � .003, respec-
ively), between groups 1 and 3 (P � .003 and P � .006,
espectively), and between groups 2 and 3 (P � .038 and

� .009, respectively). A statistically significant differ-
nce was also found between OATP1B1 512TC and TT
roups (AUC, 46.6 
 14.3 ng · h · mL	1 · mg	1 and 68.1

16.3 ng · h · mL	1 · mg	1 [P � .004], respectively;

max, 16.5 
 5.5 ng · mL	1 · mg	1 and 29.4 
 9.6
g · mL	1 · mg	1 [P � .001], respectively). No signifi-
ant difference was observed between groups 1 and 2

P1B1 genotype

SNP T521C

P value† TT TC P value‡

521TT (n � 13) 521TC (n � 11)

.081§ .077§
6 0
2 4
3 3
2 4

.366† 23.4 
 2.2 24.4 
 2.9 .360‡

.296† 174 
 3.8 174 
 4.0 .929‡

.315† 67.4 
 6.3 69.5 
 10.3 .549‡

s 388A and 521T, 388G and 521T, and 388G and 521C, respectively.
orphism.
to OAT

(n � 5)
(n � 6)


 2.9
4.0
10.3

ed by SNP
otide polym
Table II).
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In the case of pitavastatin lactone, no significant
ifference were observed for dose-normalized AUC
nd Cmax values among the 3 genotype groups or be-
ween the OATP1B1 512TC and TT groups (Table III).

Estimated allele- and genotype-specific PK parame-
ers were obtained for all possible genotypes. The SEs
f parameter estimations were less than 20% in terms of
oefficient of variation in all cases. All estimated
enotype-specific values were consistent with actual
ean values according to genotypes (R2 � 0.85 and

.52 for AUC and Cmax, respectively, by linear regres-

Fig 2. Representative mean plasma concentrat
lactone (bottom) by genotypes after oral adm
ion). Mean estimated values of AUC and Cmax for the w
ATP1B1*15/*15 genotype (simulated), which were
he highest recorded, were 2.1- and 3.4-fold higher than
hose of the OATP1B1*1b/*1b genotype, respectively,
hich were the lowest recorded (Table IV).

ISCUSSION
We investigated the functional significance of the

ATP1B1 genetic polymorphism on the pharmacoki-
etics of pitavastatin in humans. Significant PK differ-
nces were observed according to OATP1B1 genotype.
he dose-normalized AUC and Cmax of pitavastatin

e profiles of pitavastatin (top) and pitavastatin
n of 8 mg pitavastatin.
ion–tim
ere 1.4- and 1.8-fold higher, respectively, in subjects
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eterozygous for the OATP1B1*15 allele (or 521T�C
NP) versus subjects not carrying this allele (or SNP).
e estimated values of the PK parameters in all pos-

ible haplotype pairs, and dose-normalized AUC and

max were predicted to be 2- to 3-fold higher for the
ATP1B1*15/*15 genotype than for the OATP1B1*1b/
1b genotype.
In a recent in vitro study, OATP1B1 was suggested

o be the most important transporter with respect to the
epatic uptake of pitavastatin in humans.7 OATP1B1 is
major hepatic statin transporter and is known to act on
ravastatin, cerivastatin, and rosuvastatin.6,14,15 How-
ver, only the association between polymorphisms in
ATP1B1 and the pharmacokinetics of pravastatin has
een reported. In recent studies in humans, significantly
igher systemic exposures to pravastatin were identi-
ed in subjects carrying the OATP1B1*15 allele (con-

aining 388A�G and 521T�C SNPs) in Japanese sub-
ects11 or the OATP1B1*5 (521T�C SNP) allele12 and
ATP1B1 	11187G�A and 521T�C SNPs in white

ubjects.10 These findings are consistent with the results
f our study.
No subjects carrying the OATP1B1*5 allele were

ound among our Korean subjects, which is consistent
ith the results of the previously mentioned Japanese

tudy.11 The allele frequency of OATP1B1*5 was 0%
n 120 Japanese subjects,11 whereas it was 14% in
uropean Americans and 0.02% in black subjects.9

owever, both OATP1B1*5 and *15 contain 521T�C
NP, and the sum of these allele frequencies was found

able II. Effects of OATP1B1 genotypes on pharmac
ale subjects

Group 1:
*1b/*1b
(n � 4)

Group 2:
*1a/*1a
(n � 1)

Group 2:
*1a/*1b
(n � 8)

Gr
*
(

DNAUC 45.1 55.6 
 12.7 68.
(ng · h · mL	1

· mg	1)
38.8 
 13.3 54.4 
 12.4

DNCmax 15.3 18.5 
 6.0 34.

(ng · mL	1

· mg	1)

13.2 
 3.3 18.2 
 5.7

Half-life (h) 7.7 
 1.3 10.6 
 2.9
Vz/F (L) 212.2 
 66.2 194.8 
 41.2

Data are given as arithmetic mean 
 SD.
DNAUC, Dose-normalized area under plasma concentration–time curve fr

ignificant; Vz/F, volume of distribution based on terminal phase.
†Comparison between *1a/*15 and *1b/*15 within group 3 by Mann-Whit
‡Kruskal-Wallis test for differences across all 3 groups.
§Mann-Whitney test for 2 groups.
o be similar in Asian and white subjects (15% in s
apanese, 20% in Koreans, and 14% in European
mericans), implying an ethnic insensitivity with re-
ard to pitavastatin in these 2 ethnic groups. The phar-
acokinetics of pitavastatin appear to be similar among
sian ethnic groups. The geometric mean AUC values

fter a 2-mg oral dose of pitavastatin in healthy volun-
eers were 118.0 ng · h/mL in Korean subjects, 121.2
g · h/mL in Chinese subjects,16 and 104.7 ng · h/mL in
apanese subjects (unpublished data), respectively.
ore studies are needed on OATP1B1 in black subjects

o determine the impact of 521T�C SNP and ethnic
ifferences on pitavastatin and other statins.
The pharmacokinetics of pitavastatin lactone showed

o difference for the OATP1B1 genotype groups, al-
hough the plasma lactone level is determined by com-
lex processes, perhaps because both intracellular
ransportation and the metabolism (glucuronidation and
actonization) of pitavastatin are not associated with
ATP1B1 genotypes.
This study was conducted in a relatively small group

f subjects, at different dosages, and the haplotype-pair
enotype groupings adopted appear to be somewhat
rbitrary, because this study was not prospectively de-
igned to evaluate the effects of OATP1B1 genotypes.
evertheless, the effects of OATP1B1*15 or T512C
NP were clearly observed with statistical significance.
he dose normalizations of PK parameters are probably
iased; however, we believe that this is justified be-
ause pitavastatin PK parameters show a linear dose
roportionality, which was confirmed by linear regres-

parameters of pitavastatin in 24 healthy Korean

Group 3†:
*1b/*15
(n � 6)

P
value:

All
groups‡

P value§:
Group 1
versus

group 2

P value§:
Group 1
versus

group 3

P value§:
Group 2
versus

group 3

67.4 
 18.3

 16.3 .008 NS .003 .038

25.2 
 10.0
4 
 9.6 .003 NS .006 .009

10.0 
 0.9 .017 NS .002 NS
153.7 
 34.9 NS NS .041 .027

to infinity; DNCmax, dose-normalized peak plasma concentration; NS, not

� .99 for DNAUC, and P � .126 for DNCmax.
okinetic

oup 3†:
1a/*15
n � 5)

8 
 15.6
68.1

4 
 6.9
29.

om time 0

ney test; P
ion and ANOVA.
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Fig 3. Box-and-whiskers plot of pharmacokinetic parameters of pitavastatin grouped by OATP1B1
genotypes. The horizontal lines with solid circles within each box represent the median. The box
edges show lower (25th) and upper (75th) quartiles, respectively. The whiskers extend from the 25th
and 75th quartiles to the furthest data points within a distance of 1.5 interquartile ranges from the
25th and 75th quartiles. Individual data points are given as triangles. The horizontal lines with solid

boxes outside whiskers represent outliers.
able III. Effects of OATP1B1 genotypes on pharmacokinetic parameters of pitavastatin lactone in 24 healthy
orean male subjects

Group 1 Group 2 Group 3

P value:
All

groups†

P value‡:
Group 1
versus

group 2

P value‡:
Group 1
versus

group 3

P value‡:
Group 2
versus

group 3

Genotype *1b/*1b (n � 4) *1a/*1a (n � 1) or
*1a/*1b (n � 8)

*1a/*15 (n � 5) or
*1b/*15 (n � 6)

DNAUC
(ng · h · mL	1

· mg	1)

55.2 
 13.5 98.4 
 52.3 72.3 
 25.5 .26 .14 .34 .41

DNCmax

(ng · mL	1

· mg	1)

9.4 
 3.1 12.2 
 4.1 11.7 
 2.9 .63 .41 .49 .88
†Kruskal-Wallis test for differences across all 3 groups.
‡Mann-Whitney test for 2 groups.
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To the best of our knowledge, this is the first study
n the association between genetic polymorphisms
f OATP1B1 and the pharmacokinetics of pitavasta-
in in humans. No in vitro data are available on the
ransport function of the OATP1B1 variant with the
se of pitavastatin as substrate. However, Iwai et al17

ecently investigated the in vitro function of the 4
ajor OATP1B1 alleles (OATP1B1*1a, *1b, *5, and

15) constructed by the 2 SNPs (A388G and T521C).
he normalized Vmax (concentration/time) value (pi-
omoles per minute per milligram of protein) for
ATP1B1*15 was decreased to less than 30% com-
ared with OATP1B1*1a, which is consistent with
ur results. Further in vitro functional studies may
larify the mechanism underlying the in vivo PK
esults obtained.

In conclusion, the OATP1B1*15 allele (containing
he 388A�G and 521T�C SNPs) and 521T�C SNP
ere identified as single major determinants of the
harmacokinetics of pitavastatin. About 2-fold higher
itavastatin concentrations were observed in subjects
arrying the OATP1B1*15 or OATP1B1 512C alleles
han in those without them. These results suggest that
he *15 allele is associated with the reduced uptake of
itavastatin by OATP1B1 from blood. No significant
ffects of OATP1B1 genetic polymorphisms were ob-
erved on pitavastatin lactone formation, which implies
hat pitavastatin has a similar therapeutic efficacy for all
ATP1B1 genotype groups. However, plasma concen-

able IV. Estimated allele- and genotype-specific
harmacokinetic parameters

AUC
estimate

(ng · h · mL	1

· mg	1)

Cmax

estimate
(ng · mL	1

· mg	1)

Mean SE† Mean SE†

Allele-specific
parameter

�*1b 22.1 3.1 6.5 0.7
�*1a 28.9 4.3 11.4 2.2
�*15 43.1 5.2 20.4 3.0

Genotype
*1b/*1b 44.1 13.0
*1a/*1b 51.0 17.9
*1a/*1a 58.8 22.8
*1b/*15 65.2 26.9
*1a/*15 72.0 31.8
*15/*15 86.2 40.4

†Asymptotic SE as calculated by NONMEM.
ration–dependent adverse events such as rhabdomyol-
sis may be related to the OATP1B1 polymorphism,
specially in the presence of a drug interaction; for
xample, it was reported that gemfibrozil increases
lasma pitavastatin concentrations when the 2 drugs are
oncomitantly administered.18 A large-scale study in-
luding a patient population is necessary to confirm the
ffect of the OATP1B1 polymorphisms on the clinical
fficacy and adverse events associated with pitavastatin
reatment.

All authors have no conflict of interest regarding this study.
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