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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• SLCO1B3 is an influx transporter located at the

hepatocyte basolateral membrane and it is involved in
the uptake of a broad range of drug substrates
including docetaxel.

• The pharmacogenetics of SLCO1B3 is not well
characterized and previous in vivo and in vitro studies
reported conflicting results with regards to the
functional effects of the limited number of SLCO1B3
polymorphisms that were studied.

• Docetaxel displays a wide interindividual variability in
its pharmacokinetics and pharmacodynamics and an
understanding of SLCO1B3 pharmacogenetics might
provide clinical benefits in guiding docetaxel dosing.

WHAT THIS STUDY ADDS
• The SLCO1B3 gene was comprehensively screened in

the local healthy Asian populations (n = 168). A strong
linkage disequilibrium pattern was detected across a
total of 88 polymorphisms and 15 haplotype-tag SNPs
(htSNPs) were identified. These htSNPs were profiled in
a cohort of Chinese nasopharyngeal cancer (NPC)
patients (n = 50).

• Genotypic-phenotypic analysis showed that a
haplotypic construct comprising of four variants
[IVS4+76G>A, 699G>A(Met233Ile), IVS12-5676A>G, and
*347_*348insA] was the critical determinant of
docetaxel disposition.

• This study suggests that the comprehensive screening
and haplotypic linkage analysis of SLCO1B3 can better
elucidate its pharmacogenetic effects on interpatient
variability of docetaxel and other putative drug
substrates. Further studies are warranted in cancer
patients belonging to other ethnic groups.

AIMS
To completely screen the SLCO1B3 gene in three distinct healthy Asian
populations (Chinese, Malay and Indian, n = 168) and investigate the influence
of haplotype-tag SNPs (htSNPs) on docetaxel disposition in 50 nasopharyngeal
carcinoma patients.

METHODS
Genomic DNA of individuals was screened for SLCO1B3 polymorphisms by direct
sequencing. htSNPs were derived based on the sequence clustering algorithm
and profiled in the patients. Population based genetic association analysis was
performed using Haplostats package implemented in R and PLINK.

RESULTS
A strong linkage disequilibrium pattern was detected across a total of 88
polymorphisms and 15-htSNPs were identified. The SLCO1B3 haplotypic region
comprising seven htSNPs was found to be significantly associated with
docetaxel clearance (P = 0.003). Conditional haplotype analyses revealed that
the haplotypic constructs comprising the IVS4+76G>A, 699G>A(Met233Ile),
IVS12-5676A>G, and *347_*348insA polymorphisms were critical determinants
of variability in docetaxel disposition [clearance and area under the plasma
concentration-time curve (AUC(0,•)): r2 = 29% and 22%, respectively]. Patients
harbouring the GAG*347insA haplotype were significantly associated with a
30% decrease in clearance and a 40% increase in AUC(0,•) of docetaxel
compared with patients harbouring the reference haplotype, GGA*347wt (P =
0.025 and 0.018, respectively). In contrast, a 50% higher clearance was observed
in patients carrying the GAG*347wt haplotype compared with those with the
reference haplotype (P = 0.002). The functional SLCO1B3 haplotypic constructs
included the widely studied Met233Ile variant and *347_*348insA located in the
putative miR-890 binding site in the 3′-untranslated region which may influence
the transport characteristics of SLCO1B3.

CONCLUSIONS
This study highlights the importance of SLCO1B3 polymorphic variations in
influencing docetaxel disposition in nasopharyngeal carcinoma patients.
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Introduction

OATP1B3, previously known as OATP-8 or liver-specific
organic anion transporter-2 (LST-2) is a cellular membrane
transport protein located at the basolateral membrane of
hepatocytes. It is encoded by the solute carrier organic
anion transporter 1B3 gene (SLCO1B3). The gene maps to
chromosome 12p12 and spans across 106kbp [1].OATP1B3
shares 80% homology with OATP1B1 (SLCO1B1) in amino
acid sequence and they transport a range of common drug
substrates such as methotrexate and pravastatin [1, 2].
However, OATP1B3 plays a distinctively pivotal role in
transporting digoxin, docetaxel and paclitaxel [3–6].
SLCO1a/1b-/- mice were demonstrated to exhibit a pro-
nounced increase in paclitaxel systemic exposure and
decrease in liver uptake. This observation strongly high-
lights the role of OATP basolateral transporters in govern-
ing taxane exposure in vivo [7]. In addition, OATP1B3 is also
expressed in the tumour cell and its role in drug sensitiza-
tion had been documented [8, 9].

The SLCO1B3 gene is highly polymorphic and exhibits
high variations across ethnic groups [3, 10, 11]. The
allelic frequencies of the non-synonymous variants
334T>G (Ser112Ala; rs4149117) and 699G>A (Met233Ile;
rs7311358) displayed a great degree of heterogeneity
across diverse ethnic populations, ranging from 41% in
African-Americans to approximately 71 to 90% in Cauca-
sians and Chinese [10]. Previous in vitro investigations
revealed that the functional effects of the OATP1B3
gene expressing the non-synonymous variants 334T>G
(Ser112Ala; rs4149117) and 699G>A (Met233Ile;
rs7311358) were substrate and cell-line specific [12, 13].
However, a recent study using HeLa cells demonstrated the
699G>A (Met233Ile; rs7311358) variant to display a signifi-
cantly lower transport activity for the prototype substrates
such as cholecystokinin and rosuvastatin [12]. Similar
reduction in cholecystokinin transport activity was also
observed when the variant haplotype consisting of
334T>G (Ser112Ala; rs4149117) and 699G>A (Met233Ile;
rs7311358) was expressed [12]. In concordance with the
observations above, transport assay studies revealed
impaired uptake of mycophenolic acid glucuronide and
digoxin into cells expressing the variant haplotype [14, 15].
Both variants were subsequently linked with a low hepatic
uptake activity and clearance (CL) of mycophenolic acid
glucuronide and digoxin in in vivo setting [14, 16]. In con-
trast to the above, a recent clinical study had demon-
strated an association between 334T>G (Ser112Ala;
rs4149117) and higher imatinib CL [17]. Importantly, the
rare variants His520Pro, Gly522Cys (rs72559743) and
Val560Ala (rs12299012) were previously documented to
be associated with reduced protein expression and
impaired transport activity, probably a consequence of
their location in key regulatory regions of the transporter
[12, 13]. These variants were, however, absent in our three
distinct local Asian populations published previously [18].

Linkage patterns of SNPs vary widely between different
populations and the observed phenotypic effects may be
the consequence of several SNPs being in haplotypic
linkage. Furthermore, most of the previous in vivo studies
were restricted to selective SNPs [3, 4, 14, 17] which delin-
eated the functional impact of the SNPs identified in in
vitro model systems [12, 13, 19]. To date, no studies have
comprehensively screened the SLCO1B3 gene and eluci-
dated the linkage and haplotypic patterns of SLCO1B3
SNPs. In view of the importance of SLCO1B3 in drug dispo-
sition, we carried out a comprehensive screening of
SLCO1B3 to (i) identify SNPs located at the 5′ UTR, exons,
intronic-exonic boundaries and 3′ UTR in a cohort of three
distinct healthy Asian subjects, and (ii) investigate the hap-
lotypic impact of SLCO1B3 haplotype-tag SNPs (htSNPs) on
the pharmacokinetics and pharmacodynamics of doc-
etaxel in a cohort of Chinese nasopharyngeal cancer (NPC)
patients. The pharmacogenomic influence of other candi-
date genes across the docetaxel biochemical pathway in
Asian cancer patients has been recently published by our
group [18].The present study showed that SLCO1B3 haplo-
types influenced docetaxel disposition and contributed to
interpatient differences in docetaxel pharmacokinetics.

Methods

Subjects
A total of 168 healthy subjects (Chinese, Malay, Indian, n =
56 per ethnic group) and 50 Chinese NPC patients were
recruited. Our previous study on elucidating the impact of
candidate genes in the docetaxel biochemical pathway
included 54 NPC patients (Chinese = 50, Malays = 4) [18].
Since the majority of the patients in the original cohort
were Chinese and to ensure an ethnically homogenous
patient population, we have excluded the four Malay
patients from the present study. The ethnic group of the
subjects was confirmed by verification against their
National Registry Identification Cards. The patients were
histologically confirmed for stage IVC or recurrent meta-
static NPC who had failed one or two prior platinum-based
combination chemotherapy regimens. The inclusion and
exclusion criteria of this study were previously described
elsewhere [20]. All participants provided written informed
consent and the study was approved by the ethics review
committee (EC reference number: 2004/409/B) of the
National Cancer Centre, Singapore.

Docetaxel treatment and pharmacokinetics in
NPC patients
Docetaxel (Taxotere; Sanofi-Aventis, Paris, France) was
administered at a dose of 30 mg m-2 intravenously over 1 h
on days 1, 8 and 15 every 28 days. Standard pre and post
medications were uniformly administered to all patients
and included i.v.dexamethasone 10 mg prior to the start of
docetaxel infusion followed by oral dexamethasone 4 mg
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every 8 h for four doses started 8 h after the end of the
docetaxel infusion. Blood samples for pharmacokinetic
analyses were collected at the following time points: pre
dose (0 h), 0.5 h and 1 h (end of infusion), then at 15 min,
30 min, 2 h, 4 h, 7 h and 23 h after the end of the docetaxel
infusion in the first cycle. Blood samples were centrifuged
at 2000 g for 10 min to separate the plasma and samples
were immediately stored at -80°C until analysis. Docetaxel
plasma concentrations were determined with slight modi-
fications by use of a validated HPLC method [21]. In brief,
200 ng internal standard (paclitaxel; Bristol-Myers Squibb,
NY, USA) and 1.6 ml of acetonitrile-n-butylchloride (1:4,
v/v) were added to 200 ml of human plasma. The sample
was mixed vigorously for 5 min, followed by centrifugation
for 5 min at 4000 g at ambient temperature. The organic
layer was collected and evaporated to dryness using a cen-
trifugal concentrator at room temperature. The residue
was reconstituted with 125 ml of methanol-water (1:1,
v/v), and 100 ml was injected into the HPLC system (Waters,
Milford, MA, USA). Separation was accomplished on a
Spherisorb ODS2 column (5 mm, 250 ¥ 4.6 mm; Waters,
Milford, MA, USA) at a rate of 1.6 ml min-1. The elution was
monitored by ultraviolet detection at a wavelength of
230 nm. Retention times for docetaxel and internal stan-
dard were 19.7 and 27.6 min, respectively. The standard
curves were linear from 10–40000 ng ml-1 and the coeffi-
cients of variation for intraday and interday precision were
lower than 7%. The pharmacokinetic parameters of doc-
etaxel were determined using the non-compartmental
modelling by WinNonLin version 2.1 (Pharsight, Mountain
View, CA, USA).

Pharmacodynamic parameters
The percentage decrease in absolute neutrophil count,
platelet count and haemoglobin count was defined as:

( )/Pre treatment value Nadir value
Pre treatment value

−
×100

where the pre treatment value corresponded to the base-
line value and nadir value denoted the lowest value mea-
sured in cycle 1. Response and toxicity evaluations were
described in previous publication [20].

Pharmacogenetic analysis
Genomic deoxyribonucleic acid was isolated from the
blood of healthy subjects using Puregene DNA isolation kit
(Qiagen,Valencia, CA, USA).The exonic regions, exon-intron
junctions and 2 kb of the 5′- and 3′- UTR of SLCO1B3 (UCSC
accession number NM_019844) were screened for genetic
polymorphisms by direct sequencing (primer sequences
are available in Supplementary Table S1. The sequencing
reactions were carried out using Applied Biosystems 3730
DNA Analyzer (Applied Biosystems Inc, Foster City, CA,
USA).

Linkage disequilibrium and haplotype analysis
Linkage disequilibrium (LD) analyses, haplotype analyses
and LD block construction were carried out by Haploview
software v.3.32 (Daly lab, Broad Institute, MA, USA) [22].
Based on the LD pattern, the blocks were generated for
tightly linked polymorphisms by using solid spine algo-
rithm in Haploview [22]. Haplotypes for each ethnic group
were inferred by maximum likelihood estimation based on
an expectation-maximization algorithm. A sequence clus-
tering algorithm was applied to construct genealogic trees
in order to identify the stratifying htSNPs on the basis of
nucleotide base difference between the major haplotypes
(ClustalW; EBI, Cambridge, UK).

Statistical analysis
Fisher’s exact test was applied to determine conformity
with Hardy-Weinberg equilibrium. The inter-ethnic vari-
ability of the frequency of genotype distribution was
evaluated using the Chi-square contingency test. Univari-
ate analysis was adopted to assess the associations
between patient covariates [age, gender, body surface area
(BSA), ECOG, aspartate transaminase, alanine transaminase,
albumin and total bilirubin] and pharmacokinetic param-
eters. General statistical analysis was carried out using
SPSS Version 16; SPSS Inc., IL, USA. A P value of <0.05 was
considered as statistically significant.

Population genetics analysis
Population based genetic association analysis was per-
formed using Haplostats package (1.4.4v) implemented in
R 2.12.1v and PLINK 1.02v [23, 24]. The asymptotic likeli-
hood ratio test was applied to evaluate the individual asso-
ciation of SLCO1B3 genotypes with docetaxel disposition
parameters. Haplotype association analysis was carried out
using the haplowalk method implemented in R haplostats
package [25]. Technically, this method adopts a moving
window region comprising of ‘n’ SNPs (defined by adjacent
pairs of ‘n’ loci across the entire region) and the phenotypic
association with each window is evaluated using global
haplotype score statistics (where n � 1). This score statis-
tics allow the adjustment of the P value for the patient’s
covariates. In the present analysis, global haplotype score
P values were calculated for each window region including
2–15 SLCO1B3 htSNPs to estimate the level of significant
association with docetaxel disposition parameters. This
P value was adjusted for the patients’ covariates identified
in univariate analysis. The global haplotype score test is
asymptotically similar to the likelihood ratio test,but evalu-
ates the haplotypic effects on phenotypic trait. The score
statistics P value provides an overview of the variability
contribution from the sub-haplotypic region [25]. Condi-
tional haplotype analysis is a weighted maximum likeli-
hood approach which accounts for potential ambiguity in
the individuals [26]. This approach is applicable once the
association signal has been detected and facilitates in
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determining the causal variants behind the association
[26]. In our current analysis, the region of interest identified
by the haplowalk procedure, was dissected iteratively for
‘n’ times and each association was estimated using an
omnibus test P value (conditional haplotype association
module in PLINK 1.02v) [23, 24]. The omnibus test P values
and percentage contribution to variability (r2) were used
for selecting the causal variants influencing the pharmaco-
kinetics of docetaxel. The haplotype specific generalized
linear model (haplo-GLM) implemented in the haplostats
package was applied to estimate the regression coefficient
and significant P value for individual haplotype effects.The
haplo-GLM analyses perform a weighted approach to
account for the regression coefficients and posterior prob-
ability of each haplotype pair using the expectation maxi-
mization algorithm. The population mean parameters
specific to the haplotypes estimated from the GLM were
used to calculate the percentage increase/decrease of doc-
etaxel pharmacokinetic parameters between the haplo-
types. A P value of <0.05 was considered as statistically
significant, unless otherwise stated.

Results

Patient demographics
Table 1 summarizes the demographic information of the
subjects in the present study. The majority of the patients
were males (92%) compared with females (8%). The
median age and BSA were 50 years (range 32–68 years)
and 1.63 m2 (range 1.09–2.11 m2), respectively. A total of
208 cycles were administered and approximately half of
the patients (46%) completed all six treatment cycles. Dex-

amethasone was uniformly prescribed to all patients as pre
and post medications and there was no other concomitant
therapy that could affect CYP3A4/5 activity was adminis-
tered during cycle 1.

SLCO1B3 pharmacogenetics in healthy Asian
populations
SLCO1B3 genotype and allele frequencies in the healthy
Chinese, Malay and Indian populations are appended in
Supplementary Table S2. A total of 88 single nucleotide
polymorphisms were identified from the complete screen-
ing of the SLCO1B3 genomic region. As depicted in
Figure 1, two SNPs were located in 5′ UTR, nine in exonic
regions, 59 in the intronic regions, 11 in the 5′ upstream
region, one in 3′ UTR and six in the 3′ downstream region
of the SLCO1B3 gene (Figure 1). There were fourteen novel
SNPs with allelic frequencies ranging from 1% to 19%
(Supplementary Table S2; correct as on 20/02/2011). Fish-
er’s exact test showed that the SLCO1B3 genotype frequen-
cies conformed to Hardy-Weinberg equilibrium.Significant
interethnic differences in the genotypic distributions were
detected in 74% (n = 65) of the polymorphisms (Supple-
mentary Table S2, P < 0.05).

Linkage disequilibrium (LD) analysis in healthy
subjects
The LD plots for Chinese, Malay and Indian ethnic groups
are shown in Figure 2. Pairwise analyses for the identified
SLCO1B3 SNPs showed high linkage among the SNPs
located in the 5′ upstream region across all populations as
well as in the region covering from intron 2 to 12 in the
Chinese and Malay populations, and from intron 3 to exon
14 in the Indian population. In addition, SNPs located at the
3′ regulatory region were also found to be substantially
linked in all populations. Based on the LD pattern, the
SLCO1B3 gene was segregated into four blocks in Chinese
and Malay subjects and three blocks in Indian subjects
(Figure 2).

SLCO1B3 haplotypes and htSNPs in healthy
Asian populations
The inferred high frequency SLCO1B3 haplotypes (>5%)
and the observed frequencies in each haplotype block
across the three ethnic groups are shown in Figure 3.
Cumulative frequencies of the high frequency haplotypes
in the three ethnic groups ranged from 56% to 96%. A
strong LD pattern and a high prevalence of variant allele
haplotypes were observed as common phenomena across
the blocks among the local Asian ethnic groups. Block 2
comprised the longest haplotype stretch with a high
prevalence of variant alleles in all three populations. Inter-
estingly, block 2 in Indian subjects comprised of only one
high frequency haplotype (78%) which constituted of
variant alleles at all locations, except for IVS12+5676A>C.

The linkage pattern was further examined by identify-
ing the htSNPs which distinguished the major haplotypes

Table 1
Demographic and clinical characteristics of Chinese NPC patients (n = 50)

Characteristics (n = 50)

Age (years) 50 (32–68)
Gender

Male 46 (92%)
Female 4 (8%)

BSA (m2) 1.63 � 0.19
Number of cycles patients received

1 2 (4%)
2 15 (30%)
3 2 (4%)
4 8 (16%)
5 0 (0%)
6 23 (46%)

Baseline clinical biochemistry
AST (SGOT) (U/L) 35.12 � 31.62
ALT (SGPT) (U/L) 26.08 � 20.27
LDH* (U/L) 479.11 � 191.61
Total bilirubin (mmol/L) 10.90 � 3.90
Albumin (g/L) 36.54 � 4.23

*n = 36.
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in each block. Supplementary Figure S1 shows the genea-
logic tree of derived haplotypes and the corresponding
htSNPs for each haplotype block among the three ethnic
groups. A total of 10, 13 and four htSNPs were identified
in Chinese, Malay and Indian populations, respectively.
Collectively, a set of 15 htSNPs (-1951T>C, -1390A>G,
-1056G>A, -991G>A, IVS2-244G>A, IVS4+76G>A, 699G>A,
IVS7-76T>C, IVS12-5676A>G, IVS13+55C>T, IVS14-23C>T,
*347_*348insA, *+954C>T, *+956T>A, *+1502C>T) that
resolved the common haplotypes in the Asian cohort and
highly specific to the Chinese population were profiled in
the Chinese NPC patients.

Effects of SLCO1B3 haplotypes on docetaxel
pharmacokinetics and pharmacodynamics in
Chinese NPC patients
The values (mean � SD) of the pharmacokinetics param-
eters of docetaxel in Chinese NPC patients (n = 50) are as
follows: Cmax (mg ml-1) 1.12 � 0.51, AUC(0,•) (mg ml-1 h) 1.15

� 0.45 and CL (l h-1) 48.20 � 19.07. A wide degree of inter-
patient variability was observed in the docetaxel pharma-
cokinetics with approximately 6-, 4- and 5-fold variations in
Cmax (range: 0.51–3.08 mg ml-1), AUC(0,•) (range 0.56–
2.14 mg ml-1 h) and CL (range 19.28–102.17 l h-1), respec-
tively. The allelic frequencies of the htSNPs in healthy
Chinese subjects and NPC patients (n = 50) were similar
(Supplementary Table S2). Univariate analysis suggested
docetaxel CL to be significantly affected only by age, while
docetaxel AUC(0,•) was found to be significantly influ-
enced by albumin and ECOG status (P < 0.05 in each case,
respectively).

Individual genotype association analysis using the
asymptotic likelihood ratio test did not reveal any signifi-
cant correlations between docetaxel pharmacokinetics
and SLCO1B3 htSNPs. In order to elucidate the haplotypic
effect of htSNPs on docetaxel pharmacokinetics, global
haplotype score statistics were adopted to estimate the
overall association of haplotypes and phenotypic traits
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Figure 1
Graphical representation of identified polymorphisms in the SLCO1B3 gene.The locations of the identified polymorphisms (arrows) are indicated in relation
to the promoter, exon and intron structures of SLCO1B3 (UCSC accession number NM_019844). The distal 5′UTR contains a non-coding exon 1. Exonic SNPs
are labelled relative to the ATG translation initiation site in exon 2, with the A numbered as 1. The first nucleotide 5′ to the ATG site is -1, and the first
nucleotide 3′ to the translation stop codon is *1. Intronic SNPs are labelled with the respective intronic number, followed by a + (downstream) or – (upstream)
sign and the position in the intron, calculated from the nearest exon. Polymorphisms highlighted in red are the htSNPs selected and profiled in the patient
cohort. The domain sizes are not drawn to scale
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Figure 2
Linkage disequilibrium plot of SLCO1B3 polymorphisms in healthy (A) Chinese, (B) Malay and (C) Indian populations. LD values are denoted as (|D’| ¥ 100).
LD analyses, haplotype analyses and LD block construction were carried out by Haploview software v.3.32 (Daly lab, Broad Institute, MA, USA).The standard
colour scheme in Haploview was chosen for LD display. Block 1 represented 5′ upstream and proximal UTR SNPs in all populations. Blocks 2 and 3 in the
Chinese and Malay populations consisted of SNPs located between intron 2 and exon 14.The region represented by haplotype block 2 was the largest and
comprised of 42, 41 and 33 exonic/intronic polymorphisms in the Chinese, Malay and Indian populations, respectively. Block 4 in the Chinese and Malay
populations and block 3 in the Indian population consisted of SNPs from the 3′ UTR and downstream regions. The inter-block linkage was strong between
blocks 2 and 3 (|D’| = 0.82–0.97), but moderate between blocks 1 and block 2 (|D’| = 0.55–0.78)
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using the haplowalk method [25]. The haplowalk method
was previously applied to select the contributory genomic
regions in relation to renal cell cancer susceptibility
[27, 28]. This analysis revealed a sub-haplotypic region
comprising of seven htSNPs [IVS4+76G>A(rs4149118),
699G>A(rs7311358), IVS7-76T>C(rs71583718), IVS12-
5676A>G(rs11045585), IVS13+55C>T(rs4149153), IVS14-
23C>T(rs78862986) and *347_*348insA(rs3834935)] to be
significantly correlated with docetaxel CL (adjusted global
haplotype score P = 0.003, Supplementary Figure S2). As
the score test P value alone is an insufficient measure to
estimate the effect of haplotype [25], we further per-
formed conditional iterative haplotype analysis to identify
the causal htSNPs from the sub-haplotypic region of seven
htSNPs. This analysis identified four causal htSNPs
[IVS4+76G>A (rs4149118), 699G>A (rs7311358), IVS12-
5676A>G (rs11045585) and *347_*348insA (rs3834935)]
that accounted for approximately 29% variability in doc-
etaxel CL in Chinese NPC patients (P = 0.00071). Six major
haplotypes (frequency > 5%) were inferred from the four
focal htSNPs and accounted for a cumulative frequency of
93%. The haplotype AAA*347wt was the most frequently
occurring haplotype in the patient population (44%).

A haplotype specific generalized linear model was
employed to estimate the regression coefficient associ-
ated with docetaxel pharmacokinetics (Table 2). The hap-
lotype GAG*347insA (frequency: 14%) was significantly
associated with a 30% decrease in CL and a 40% increase in
AUC(0,•) of docetaxel compared with the reference hap-
lotype GGA*347wt (frequency 13%) [GAG*347insA vs.
GGA*347wt; mean � SE CL (l h-1) 44.37 � 6.26 vs. 58.92 �
9.19, P = 0.025 and mean � SE AUC(0,•) (mg ml-1 h) 1.31 �
0.16 vs. 0.91 � 0.24, P = 0.018; Figure 4]. In contrast, a 50%
higher CL was observed in patients harbouring the
GAG*347wt haplotype (frequency: 5%) compared with
carriers of the reference haplotype (GAG*347wt vs.
GGA*347wt; mean CL (l h-1) 88.28 � 8.77 vs. 58.92 � 9.19,
P = 0.002; Figure 4). No significant associations were
observed between SLCO1B3 haplotypes and pharmacody-
namic parameters.

Discussion

The present study revealed the SLCO1B3 gene to be highly
polymorphic and to display significant interethnic
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variations among the healthy Chinese, Malay and Indian
populations. Similar to Japanese and Caucasian popula-
tions, complete linkage was found between 334T>G
(Ser112Ala; rs4149117) and 699G>A (Met233Ile; rs7311358)
in the local Asian populations [10, 29]. The inferred haplo-
types in each Asian ethnic group varied in terms of haplo-
type structure, haplotype frequency and htSNPs (Figures 2
and 3). The major haplotype block of the Indian subjects
(block 2) displayed a low degree of haplotypic diversity in
comparison with Chinese and Malay subjects, probably
due to the relatively lower recombination events and
therefore stronger LD among the SNPs in the Indian popu-
lations.Consistently,strong LD pattern and high interethnic

differences in the genetic profile of SLCO1B3 suggest that a
pharmacogenetic-based approach could provide valuable
insights into the interethnic and interindividual variations
in disposition of SLCO1B3 substrates.

To date, this is the first study to evaluate com-
prehensively the effect of SLCO1B3 pharmacogenetics on
docetaxel disposition. Previous in vitro findings were
inconsistent with regards to the effects of non-
synonymous polymorphisms [334T>G (Ser112Ala;
rs4149117 and 699G>A (Met233Ile; rs7311358)] on the
transport characteristics of prototypical substrates, prob-
ably due to cell-line and substrate specific effects [3, 12, 13,
15].The results of the in vivo studies delineating the impact

Table 2
Influence of four SNP SLCO1B3 haplotype constructs [IVS4+76G>A (rs4149118), 699G>A (rs7311358), IVS12-5676A>G (rs11045585) and *347_*348insA
(rs3834935)] on docetaxel CL and AUC(0,•)

Haplotypes

Frequency

Coefficient Standard error Mean value P value
IVS4
+76G>A 699G>A

IVS12
-5676A>G

*347_*348
insA CL AUC(0,•) CL AUC(0,•)

CL
(l h-1)

AUC(0,•)
(ug ml-1 h) CL AUC(0,•)

G G A wt 0.13 58.92 0.91 9.19 0.24 58.92 0.91 0 0
A A A wt 0.44 -9.1 0.21 5.48 0.14 49.82 1.12 0.104 0.153

G A G ins 0.14 -14.55 0.40 6.26 0.16 44.37 1.31 0.025* 0.018*
G A A wt 0.08 4.19 -0.16 7.38 0.20 63.11 0.75 0.573 0.427

G G A ins 0.08 3.02 -0.16 7.30 0.18 61.94 0.75 0.681 0.38
G A G wt 0.05 29.36 -0.22 8.77 0.22 88.28 0.69 0.002* 0.314

Minor haplotypes (<5%) 0.07 -12.92 0.13 7.71 0.21 46 1.04 0.101 0.541

P values were obtained from the haplotype specific generalized linear model implemented in the R haplostats package. AUC(0,•), area under plasma concentration–time curve from
time zero to infinity; CL, plasma clearance. *indicates a significant P value (<0.05).
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Figure 4
Effects of GAG*347insA and GAG*347wt in comparison with the reference haplotype (GGA*347wt) on docetaxel (A) CL and (B) AUC(0,•). Patients carrying
the GAG*347insA haplotype had significantly lower CL and higher AUC(0,•) compared with those with the reference haplotype. In contrast, patients
harbouring the GAG*347wt haplotype had significantly higher CL compared with those with the reference haplotype. Each bar represents the mean � SE
of the docetaxel pharmacokinetic parameters.P values were obtained from the haplotype specific generalized linear model implemented in the R haplostats
package. AUC(0, •), area under plasma concentration-time curve from time zero to infinity; CL, plasma clearance; NS, non-significant
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of these SNPs on taxane disposition were also inconsistent
[3, 4]. In this study, we evaluated the associations of
SLCO1B3 genetic variants with docetaxel disposition in
Chinese NPC patients. Our patients received a once weekly
docetaxel regimen and a wide degree of interindividual
variability was inherent in the pharmacokinetic param-
eters. The pharmacokinetic values in this study were in
concordance with the previous report in various popula-
tions employing a similar dosing regimen to ours [30]. In
line with our observations, a variation of up to 10-fold in
docetaxel clearance was previously reported in the Cauca-
sian population [31].Dexamethasone is a known PXR
inducer that may potentially affect the expression level of
CYP3A4/5 and hence impact on the metabolizing capacity
of the CYP3A4/5 enzymes [32]. However, it is unlikely that
dexamethasone would have influenced the variation in
docetaxel disposition as it was uniformly administered to
all participating patients.

Our present investigations based on the likelihood
ratio test did not reveal any significant association of indi-
vidual genotypes for the aforementioned polymorphisms
and docetaxel disposition parameters. In our earlier study
investigating the influence of candidate polymorphisms
across the biochemical pathway of docetaxel,we identified
a significant pair-wise association between the htSNP
IVS12-5676A>G (rs11045585) and docetaxel pharmacoki-
netics [18]. To make this self-contained, our previous find-
ings exhibited that the patients with the homozygous
variant genotype of IVS12-5676A>G (rs11045585) were
associated with higher AUC(0,•) and lower CL of docetaxel
compared with those harbouring reference or heterozy-
gous genotype. No pharmacodynamic effect of this SNP
was identified in our previous findings, although this SNP
was shown to correlate with a higher incidence of neutro-
penia in the Japanese patients [33]. Since the dosing
regimen and the pharmacokinetic data of the patients
were not available in the Japanese study, it is unclear if the
discrepancy could have been due to the differences in the
dosing regimen between two studies. As postulated in our
previous manuscript, the phenotypic effect of IVS12-
5676A>G (rs11045585) may have been due to its being in
haplotypic association with other unknown functional
polymorphisms in the SLCO1B3 gene [18]. Notably, haplo-
type analyses have been recognized to be more robust
than single marker analyses for identifying a genomic
region that is enriched for phenotype-relevant causal vari-
ant(s) [26, 34]. Thus to elucidate further the pharmacoge-
netic impact of SLCOB3 on docetaxel disposition, a
complete screening of the gene was carried out in the
present study. A strong linkage disequilibrium pattern was
detected across the SLCO1B3 SNPs in Asian populations
and therefore, a haplotype-based approach was employed
to delineate the genotypic-phenotypic associations.

Our study demonstrated that patients carrying the
haplotype GAG*347insA had significantly lower CL and
higher AUC(0,•) of docetaxel compared with those har-

bouring the reference haplotype GGA*347wt,suggesting a
reduced hepatic uptake of docetaxel by SLCO1B3. This
haplotype is represented by the presence of the wild-type
allele of intronic SNP IVS4+76G>A (rs4149118), as well as
the variant alleles of the non-synonymous SNP 699G>A
(rs7311358), intronic SNP IVS12+5676A>G (rs11045585)
and *347_*348insA (rs3834935). The in silico model pre-
dicted that the 699G>A coding amino acid is located at the
third extracellular loop of the transporter which has the
potential to affect substrate specificity [35]. In addition,
the variant allele in IVS12+5676A>G (rs11045585) was pre-
viously demonstrated to be linked with docetaxel-induced
neutropenia [33] and altered docetaxel disposition [18].
The 3′UTR variant *347_*348insA is computationally pre-
dicted to fall in the microRNA miR-890 target binding site
[36] and thus, it can be hypothesized that an insertion A
might affect the miRNA binding leading to altered mRNA
stability [37]. Interestingly, the GAG*347wt haplotype was
associated with a significantly higher docetaxel CL com-
pared with the effect of reference haplotype. This
GAG*347wt haplotype displayed a distinct opposite effect
(approximately two-fold difference) to that of the afore-
mentioned GAG*347insA haplotype.As *347insA is the dis-
tinguishing SNP between these two haplotypes, this
observation probably highlights the plausible role of the
3′UTR SNP to alter phenotypic effect. Nevertheless, the
local haplotypic background (GAG-) probably imparts a
major role for this altered phenomenon, as another haplo-
typic construct GGA*347insA (frequency 8%) consisting of
*347insA did not exert a significant effect on docetaxel
pharmacokinetics. It is worth investigating the haplotypic-
phenotypic associations in in vitro models to ascertain the
functional impact of the identified SLCO1B3 haplotypic
constructs in the present study.

Our results suggest that the genotypic effects of
SLCO1B3 on docetaxel pharmacokinetics are probably
attributable to the local haplotypic background of these
four key variants. A majority of the previous studies had
focused on the variants 334T>G (Ser112Ala; rs4149117)
and 699G>A (Met233Ile; rs7311358) which had resulted in
inconsistent genotypic-phenotypic relationships [3, 4].The
inconsistency in SLCO1B3 mediated effects could have
been due to an incomplete analysis of the highly polymor-
phic SLCO1B3 gene in patients of diverse ethnic origin.
Remarkably, a strong LD pattern was detected across the
variants in the SLCO1B3 gene in the present study. Hence,
the linkage effect of the region may have been overlooked
in the previous studies. As the sub-haplotypic construct
consists of the coding, intronic and 3′UTR variants, the phe-
notypic effects of the haplotypes may likely be mediated
through interactions involving post-transcriptional modi-
fications and protein coding.The limitations of the present
study are that the evaluation of the gene-dose relationship
and the population-specific effect of the haplotypes were
not possible. Our results indicate that the haplotype asso-
ciation analysis may better explain the variability in doc-
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etaxel disposition and warrant further investigations in
other ethnic populations as well as patients receiving a
different docetaxel regimen.

In conclusion, this study comprehensively screened for
the genetic variations in SLCO1B3 and established its
linkage and haplotype patterns in three distinct Asian
ethnic groups in Singapore.The significant relationships of
SLCO1B3 haplotypes with docetaxel pharmacokinetics
highlight the involvement of SLCO1B3 pharmacogenetics
in influencing the interindividual variability in docetaxel
disposition. Future studies should be carried out to inves-
tigate the effects of the identified haplotypic constructs on
the pharmacokinetics of putative substrates in distinct
ethnic groups. Moreover, further studies are required to
elucidate the functional characterization of the haplotype
construct in relation to SLCO1B3 mediated docetaxel
transport which would provide further insights into the
mechanistic basis underlying alterations in docetaxel
disposition.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1
SLCO1B3 htSNPs in the healthy Asian populations: (A)
Chinese, (B) Malays and (C) Indians. A sequence clustering
algorithm was applied to construct genealogic trees in
order to identify the stratifying htSNPs on the basis of
nucleotide base differences between the major haplo-
types (ClustalW; EBI, Cambridge, UK). Haplotype name is
designated with block and haplotype number as suffix, e.g.
C_B1_H1 represents haplotype 1 identified in block 1 of
the Chinese subjects.
Figure S2
Haplowalk analysis of the 15 SLCO1B3 htSNPs with doc-
etaxel CL. A region of seven SLCO1B3 htSNPs (IVS4+76G>A,
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699G>A, IVS7-76T>C, IVS12-5676A>G, IVS13+55C>T, IVS14-
23C>T and *347_*348insA; as highlighted in red) was iden-
tified to be significantly associated with docetaxel CL at P =
0.003.This test was performed with the haplowalk method
implemented in the R haplostats package. The score test
P value was adjusted for age, BSA, ECOG and albumin.
Table S1
Primer sequences and annealing temperature.
Table S2
Genotype and allele frequencies of SLCO1B3 polymor-
phisms in healthy Asian populations (n = 56 each for
Chinese, Malays and Indians) and Chinese NPC patients
(n = 50).
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