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TableII Multiple Regression Analysis on the Relationships Between the in Vivo Indices of CYP2C19
(Omeprazole Hydroxylation Index) or CYP3A Activity (CL .y & 1) and Patients’ Covariates in
Patients With Chronic Liver Diseases and Healthy Controls

Versus Omeprazole Hydroxylation Index Versus CL il 5 -HC

n=861 n=61
R%=.7300 R = 3088
Standardized Standardized

Partial Partial Partial Partial

Regression Regression Regression Regression

Variable Coefficient P Coefficient Coefficient P Coefficient
Disease condition® 13.792 <.0001 0.612 —0.956 0491 -0.420
Age 0.014 8377 0.020 —0.012 2761 -0.169
Sex 0.031 .0869 0.001 -0.277 3673 -0.116
Albumin -8.026 .0095 -0.344 =0.501 3022 ~0.213
Total bilirubin 0.641 2718 0.115 ~0.007 8401 -0.013
AST -0.090 3175 -0.268 -0.013 .3589 -0.393
ALT 0.052 .3862 0.162 0.011 2772 0.326
Serum creatinine -2.870 .4739 -0.064 —0.405 5310 -0.080
CYP2C19 genotypeb 11.097 <.0001 0.403 0.083 8171 0.030

AST, asparate aminc fe ALT, alanine aminotransferase.

a. Disease condition implies patients with chronic hepatitis (n = 9), patients with liver cirrhosis (n = 22), and healthy controls.
b. CYP2C19 genotype implies 3 genotypes: homozygous extensive, heterozygous extensive, and poor metabolizer.

DISCUSSION

The present study is the first to investigate the influ-
ence of CLD on the in vivo CYP2C19 activity in patients
having different genotypes of CYP2C19 using the 3-
hour omeprazole hydroxylation index (ie, 3-hour
postdose plasma OPZ/50H-OPZ concentration ratio).
We demonstrated a dramatic reduction in this
biomarker of in vivo CYP2C19 activity in CLD patients
with the homozygous and heterozygous EM genotypes
to the extent that the activity became comparable to the
level of healthy subjects with the PM genotype (Figure
1). Because subjects with the PM genotypes for
CYP2C19 have no functional CYP2C19 enzymes, our
findings are compatible with the notion that the ex-
pression of CYP2C19 in the homozygous or heterozy-
gous EM patients with CLD should have been sup-
pressed to an almost null level. Because CYP2C19 is
involved in the hepatic metabolism of many therapeu-
tically important drugs other than omeprazole, pa-
tients with CLD may be susceptible to adverse reac-
tions from taking drugs that depend on CYP2C19
activity for metabolism. In addition, CLD patients with
the PM genotype had a significantly (P < .05) higher
hydroxylation index than those with the homozygous
EM genotype. Because the omeprazole hydroxylation
index has a reciprocal relationship with the in vivo
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CYP2C19 activity, whether this statistically significant
difference is associated with a clinically relevant-dif-
ference in dose requirement remains to be studied.
Our data show a good agreement with the previous
studies in patients with CLD** that demonstrated a
preferential reduction (77% from the baseline) of
CYP2C19 activity assessed by the hydroxylation of
mephenytoin compared with that of CYP3A4 (28%)
and CYP2D6 (4%) assessed by hydroxylation of
dapsone and debrisoquine, respectively. In the present
study, the hydroxylation index of omeprazole in CLD
patients with the homozygous EM genotype increased
more than 10-fold than that of the healthy subjects with
the same genotype, indicating a marked reduction in
CYP2C19 activity associated with CLD. Itis of note that
the majority of our CLD patients had only mild liver
dysfunction (9 had chronic hepatitis, and 20 of 22
cirrhotic patients were Child-Pugh type A), indicating
that compared with other CYP isoforms (eg, CYP3A4),
the hepatic CYP2C19 activity is more susceptible to
CLD. This degree of reduction is in agreement with the
report of Andersson et al.*® In contrast, the index of in
vivo CYP3A activity, CL_ i1 s .uo Obtained from CLD
patients decreased to only a half of the control value.
Kimura et al** studied the omeprazole hydroxyla-
tion index in Japanese healthy subjects and patients
with gastrointestinal disease and found that the hy-
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droxylation indices obtained from 3 CLD patients with
CYP2C19*1/*1 (n = 1) or CYP2C19*1/*2 (n = 2) were
comparable with those observed in their healthy con-
trols with the PM genotypes. Because they studied only
3 CLD patients under multiple dosing of the drug, they
were unable to conclude whether their finding was at-
tributable to a CLD-induced reduction of CYP2C19 ac-
tivity or to partial saturation of the enzyme by multiple
dosing. Our data confirm that the dramatic increase of
the omeprazole hydroxylation index in CLD patients
does represent a substantial reduction in the CYP2C19
activity in CLD patients. Nevertheless, the precise
mechanism associated with the preferential reduction
of this CYP isoform remains obscure at present.

We found that the omeprazole hydroxylation index
obtained from CLD patients with the PM genotypes
was further increased as compared with healthy sub-
jects having the same genotype. Our data suggest
that hepatic drug metabolizing enzyme(s) other
than CYP2C19 may be involved in the in vivo 5-
hydroxylation of omeprazole because both groups
should have had no functional CYP2C19 enzyme. Our
data are consistent with the study of Furuta et al,®
demonstrating that the area under the plasma concen-
trations (AUC) ratio of OPZ/50H-OPZ in healthy sub-
jects with PM genotypes coadministered the CYP3A4

.. inhibitar, clarithromycin, was 4 times greater than the ...

value obtained from the same subjects given
omeprazole alone. In the present study, we observed
that the mean value of a putative index of CYP3A activ-
ity, CLotsol & .ucy Was approximately 50% lowerin CLD
patients than in control subjects. The data of Furuta et
al'® and of our study collectively suggest that CYP3A4
may be involved in part in the 5-hydroxylation of
omeprazole.

There are certain limitations in the present study.
We assigned the phenotypes of CYP2C19 based solely
on the genotyping of the 2 major mutations
(CYP2C19*2 in exon 5 and CYP2C19*3 in exon 4). We
did not genotype other rare variant alleles (eg, from
CYP2C19*4 to CYP2C19*12%%®%) that have been re-
ported in non-Asian populations. However, because
these 2 variant alleles have been shown to account
for 98% of the PM phenotype in the Japanese popula-
tion,*” we consider our assignment of the CYP2C19
phenotype to be valid. In addition, we evaluated the in
vivo CYP2C19 activity based on the plasma omepra-
zole hydroxylation index at 3-hour postdose after a sin-
gle oral load of 20 mg. Therefore, we cannot totally
deny the possibility that an interindividual variability
in the intestinal drug absorption may have jeopardized
an accurate assessment of the enzyme activity. How-

PHARMACOGENOMICS

ever, Andersson et al*® and Renetti et al”’ reported that
time required to reach peak plasma concentration of
the drug was less than 3 hours after oral administration.
We therefore consider that the 3-hour postdose hy-
droxylation index would be a robust in vivo index of
CYP2C19 activity.

On the other hand, omeprazole is also known to be
metabolized to omeprazole sulfone via CYP3A, and
omeprazole sulfone is further metabolized to 5-
hydroxyomeprazole sulfone via CYP2C19.%* In PMs
of CYP2C19, the metabolic pathway of omeprazole to
omeprazole sulfone is supposed to be enhanced, re-
sulting in an accumulation of the sulfone metabolite.
However, Ieiri et al** have demonstrated that PM status
does not elevate the omeprazole to omeprazole sulfone
ratio (1.8 to 2.5-3; not significant) or change the AUC
ratio (1.8 to 0.8—0.9) compared with the EM status.
Their results suggest that the change in omeprazole
hydroxylation index is mostly because of a change in
CYP2C19 activity, with a minor contribution from
CYP3 A4, even in those with PM status. Because we did
not measure the sulfone level, it remains unknown
how liver damage modifies the metabolism of
omeprazole in PMs and heterozygous EMs.

Many factors including gender,*** concomitant
medication,*****° age,** liver disease,****’ and length

of the therapy™® have been-reported to affect the in vivo--+ -~ - - -~

metabolic activity of CYP2C19, thus confounding a
simple relationship between genotypes and pheno-
types. The multiple regression analysis performed in
the present study revealed that age and gender were not
associated with the reduction in in vivo CYP2C19 ac-
tivity. However, caution has to be exercised in inter-
preting these results because the mean age of CLD pa-
tients was significantly higher than that of healthy
controls (Table 1) and the relationship between age and
CYP2C19 activity might not have been linear as as-
sumed by the analysis. Several reports***® have demon-
strated a significant correlation between the in vivo
CYP2C19 activity and certain biochemical parameters
associated with liver function (albumin, transaminase,
and prothrombin index). The multiple regression anal-
ysis in the present study revealed that only serum albu-
min level, disease condition (ie, presence or absence of
CLD), and genotype may explain the decrease of in vivo
CYP2C19 activity.

We found that the mean CL_,; ¢ .;ic Obtained from
CLD patients was decreased to 48% of that obtained
from the healthy subjects. Because CYP3A isoforms
(eg, CYP3A4 and CYP3AS) are primarily responsible
for 6 -hydroxylation of the endogenous cortisol,
CLiorusol 6 -nemay bea clinically useful tool as an in vivo
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parameter of CYP3A activity. We have already reported
that a 3-hour CL 4.1 ¢ cis a better clinical index of in
vivo CYP3A activity than is the traditionally employed
ratio of urinary 6 -HC to cortisol for the assessment of
the inhibitory effect of clarithromycin on CYP3A activ-
ity in patients receiving Helicobacter pylori eradica-
tion therapy.’® An oral administration of clarithromy-
cin at 800 mg/d reduced CL 401 6 .uc to approximately
50% of the baseline value. The present finding that the
mean 1 o .uc of CLD patients was reduced by ap-
proximately 50% compared with healthy controls im-
plies that the magnitude of reduction in in vivoCYP3A
activity induced by CLD is largely comparable to that
induced by clarithromycin. However, multiple regres-
sion analysis detected no significant correlation be-
tween CL_, o .ncand biochemical parameters associ-
ated with liver function. Thus, there is controversy of
whether the 6 -hydroxylation of cortisol is a reliable
index of the in vivo hepatic CYP3A activity. It has been
suggested that a certain amount of cortisol is secreted
into the gut and is metabolized by the epithelial CYP3A
on reabsorption. It is possible that CYP3AS5 is ex-
pressed in the kidneys. Thus, the overall catalytic ac-
tivity of cortisol 6 -hydroxylation may be attributed
not only to the hepatic CYP3A activity but also to cer-
tain extrahepatic tissues (eg, the kidney and the small

intestine).”’*® This may be a mason we.did not obtain .. g Weinshilboum R. hheritance and drug response. New EnglJ i

any significant correlation between Cliu. s 1c and
the biochemical parameters of hepatic function. In ad-
dition, there is a concern that omeprazole administered
to CLD patients and control subjects might have af-
fected the CYP3A4 activity measured by CLeusa 6 -nc
However, Furuta et al® reported in their in vitro study
performed with human liver microsomes that omepra-
zole is 50 times weaker as an inhibitor for CYP3A4 than
for CYP2C19, and Tateishi et al** demonstrated that
omeprazole did not affect in vivo erythromycin breath
test, an established index of CYP3A activity, in healthy
subjects. In this context, we consider that the
administration of omeprazole did not interfere with
CLwnhol 6 -HC*

In conclusion, the present study demonstrated that
the impaired CYP2C19 and CYP3A activity in CLD pa-
tients may be reflected by an increase in the omepra-
zole hydroxylation index and a decrease in CLyyysal 6 -
1o Tespectively. It is interesting that CLD appears to in-
duce preferential reduction in CYP2C19 activity com-
pared with CYP3A. The omeprazole hydroxylation in-
dex of CLD patients with the EM genotype of CYP2C19
was largely comparable to that of control subjects with
the PM genotype. Further studies are required to assess
whether the in vivo index of CYP2C19 may be useful
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for dosage adjustment of drugs that are eliminated
mainly via CYP2C19-mediated hepatic metabolism.
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Interaction magnitude, pharmacokinetics and
pharmacodynamics of ticlopidine in relation to

CYP2C19 genotypic status
Ichiro leiri®, Miyuki Kimura®, Shin Irie®,

and Takashu Ishizaki®

Objectives The aim of this study was to investigate the

impact of CYP2C19 polymorphism on the extent of the

interaction and on the pharmacokinetics and pharmaco-
dynamics of ticlopidine.

Methods Homozygous (hmEMs) and heterozygous exten-
sive metabolizers (htEMs), and poor metabolizers (PMs,
n=6 each) took an oral dose (20 mg) of omeprazole. After
a 1-week washout period, each subject received ticlopidine
(200 mg) for 8 days, and ticlopidine pharmacokinetics were
studied on days 1 and 7. On day 8, omeprazole was given
again and its kinetic disposition was compared with thatin
the first dose. ADP-induced platelet aggregation was
measured as a pharmacodynamic index

Results In contrast to the PMs, whose mean kinetic
parameters were not altered by the repeated dosings of
ticlopidine, an eight- to 10-fold increase in the mean AUC
ratio of omeprazole to 5-hydroxyomeprazoie was observed
in both the EM groups. No significant intergenotypic
differences in the pharmacokinetic parameters of ticlopi-
dine were observed, although the accumulation ratio
tended to be greater in hmEMs than in PMs (2.410.2
versus 1.7 £0.2). A significantly positive correlation
(P=0.031) was observed between the individual percent

Introduction

Ticlopidine is the first of the thienopyridine antiplatelet
agents, known as adenosine diphosphate (ADP) receptor
antagonists [1]. Studies have demonstrated that ticlopi-
dine reduces the risk of thrombotic events in patients
with stroke [2,3], and is effective for the treatment of
unstable angina [4], myocardial infarction [5], and
intermittent claudication [6]. Furthermore, in combina-
tion with aspirin, ticlopidine reduces thrombotic compli-
cations following coronary stent placement [7-9].

The pharmacokinetic behavior of ticlopidine has been
mainly investigated in Caucasian subjects [10,11].
Although up to 90% of an oral dose is absorbed,
ticlopidine is extensively metabolized in the liver,
resulting in the formation of more than 13 metabolites,
of which the 2-keto derivative is reported to inhibit
platelet aggregation in rats [10]. Plasma ticlopidine
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inhibition of platelet aggregation and AUC,,, of ticlopidine
regardless of the CYP2C19 polymorphism.

Conclusions Ticlopidine is a potent inhibitor for CYP2C19
and may be associated with the phenocopy when CYPC19
substrates are co-administered to EMs. Whether and to
what extent CYP2C19 would be involved in the metabolism
of ticlopidine remain unanswered from the present
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concentrations [e.g., the peak concentration (Cpey) and
the area under the plasma concentration-time curve
(AUQC)] increase by approximately three-fold on repeated
twice-daily dosings over 2 to 3 weeks [10,11], suggesting
that an accumulation or saturation in the metabolism may
occur during a repeated administration.

Studies # ovitro and in vrwo have documented that
ticlopidine is an inhibitor of cytochrome P450 (CYP)
enzymes (e.g., CYP2B6, 2C19, 2D6 and/or 2C9) [12-17].
Ko ¢t al. [15] and Ha-Duong ¢ /. [16] have reported that
ticlopidine is an inhibitor of human CYP2C19, whereas
Lopez-Garcia et /. [17] have reported that thiephene
derivatives such as tienilic acid are mechanism-based
inhibitors of yeast-expressed human liver CYP2C9. A
more recent study by Richter ez 2/ [13] has indicated that
ticlopidine is a mechanism-based inhibitor of CYP2B6, as
well as shows an inhibitory effect against CYP2C19.

Lippincott Williams & Witkins. Unauthorized reproduction of this article is prohibited.
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Tateishi ez o/ [18] have shown that ticlopidine inhibits
the in-vivo activity of CYP2C19 using omeprazole as a
model substrate in small number (» =6) of CYP2C19-
genotyped Japanese extensive, but not poor, metaboli-
zers. In addition, two in-vitro studies using recombinant
human liver CYPs have demonstrated that CYP2C19 and
CYP3A4 are involved in the metabolism of ticlopidine
[16,19].

With this background in mind, we designed the present
study (1) to-confirm the in-vivo inhibitory effect of
ticlopidine on the metabolism of omeprazole mediated
via CYP2C19 (i.e., omeprazole 5-hydroxylation) in 18
Japanese subjects including six poor metabolizers, and (2)
to assess the pharmacokinetics and dynamics of ticlopi-
dine administered in single and multiple doses in the
same 18 CYP2C19-genotyped subjects. These two study
aims are justified because it is possible that ticlopidine
itself is a substrate of CYP2C19 and CYP3A4 as it
undergoes extensive hepatic metabolism [10,16,19],
although it.is reasonable to suspect that ticlopidine
inhibits multiplc CYP isoforms including CYP2B6, 2C19,
2C9, 1A2 and 3A [12-18].

Methods

Subjects

Eighteen unrelated healthy volunteers identified as
Japanese by lineage (age, 20~33 vyears; weight,
52.5~ 75:9kg; budy mass-index; 18.5~24:9 kg/m%) were
enrolled. Subjects were genotypically classified into the
following three groups on the basis of a PCR-restriction
fragment length polymorphism analysis for CYP2C19:
homozygous (CYP2C19*1/*1) extensive metabolizers
(hmEMs, # = 6), heterozygous (CYP2C19*1/*2) extensive
metabolizers (htEMs, »=6), and poor metabolizers
(PMs, CYP2C19*2/*2, n=4 and CYP2C19*2(*3, n =2).
None had taken any drugs for at least 1 week before the

study. Each subject was physically normal and had no
antecedent history of significant medical illness or
hypersensitivity to any drugs. The subjects’ health status
was judged to be normal on the basis of a physical
examination with hepatic function screening, a complete
blood cell count, serum creatinine analysis, urinalysis, a
platelet aggregation test, and an electrocardiogram before
the study. The study subjects included nine nonsmokers
and nine smokers (< 10 cigarettes per day). Smokers were
not allowed to smoke during the period of hospitalization.
All subjects were required to abstain from alcohol 2 days
before the drug administration and during the period of
hospitalization. The subjects were served standard meals
on the study days. To assess the safety of the drugs
studied, we evaluated spontaneous adverse events reports
and conducted electrocardiogram recordings, laboratory
safety evaluations (hematology, blood chemistry, and
urinalysis), and immunological tests (antinuclear anti-
body, and anti-liver~kidney microsome antibody type |
and type 2), before and after the trial phases. The study
protocol had been approved in advance by the ethics
review board of Kyushu Clinical Pharmacology Research
Clinic, Fukuoka, Japan, and each subject gave their
written informed consent before the study.

Study protocol

The protocol is summarized in Fig. 1. The participants
came to the clinical research site on the day before the
study, and after—an- overhight ‘fast, €ach “siibject was
administered a single oral 20-mg dose of omeprazole
(Omepral, AstraZeneca Co. Ltd., Osaka, Japan) with
150 ml of water (day 0). Food was given 4h after the
ingestion of omeprazole. After a wash-out period of 1
wecek, each subject was administered a once-daily 200-mg
dose of ticlopidine (two tablets of 100 mg Panaldine,
Daiichi Pharmaceutical Co. Ltd., Tokyo, Japan) with
150 m! of water at 8 am after a standard breakfast on day 1

Fig. 1
Day O Day 1 2 4 5 € ? 8
OPZ 20mg OPZ 20mg
- Washout G TC 200 mg once-daily N
4..1".'.7."'.“!‘....> 7 7z
‘.‘ /ﬁ % ] ‘t
OPZ kinetics
t & 4 B R oz
TC kinefics Trough TC concentrations TC kinetics
Platelet Platelet Platelet
aggregation aggregation aggregation
onday 1 on day 4 onday 7

Schema of the study design. Subjects received a single dose of omeprazole (OP2). After a 7-day washout period, they received a once-daily 200-mg
dose of ticlopidine (TC) for 8 days. On day 8, an oral 20-mg dose of omeprazole was administered again at 1h after the administration of the oral

200-mg dose of ticlopidine.
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through day 8. Ticlopidine pharmacokinetics were
studied on days 1 and 7. On day 8, an oral 20-mg dose
of omeprazole was administered at 1 hour after the
administration of the oral 200-mg dose of ticlopidine.
Venous blood samples (4ml each) for determining
omeprazole, 5-hydroxyomeprazole and ticlopidine con-
centrations were obtained just before and 0.5, 1, 2, 3, 4, 6,
8, 12 and 24 h after the administration. In order to assess
the accumulation of ticlopidine, trough concentrations
were measured just before the ticlopidine administration
on day 2 through day 8. The plasma samples were
immediately separated after centrifugation and stored
at —-20°C until analyzed.

Platelet aggregation

Blood samples (4.5ml each) were obtained with a 21-
gauge needle by direct venepuncture and drawn into
vacuum tubes containing sodium citrate for measuring
platelet aggregation. The vacuum tube was filled to
capacity and gently inverted five times to ensure
complete mixing of the anticoagulant, and then centri-
fuged at 90g for 10 minutes at 22°C in order to obtain
platelet-rich plasma (PRP). The rest of the samples were
centrifuged at 1630g for 10 minutes at 22°C in order to
obtain platelet-poor plasma (PPP). Platelet aggregation
was determined five times during the study period; at the
screening visit, on days 1, 4 and 7 of the ticlopidine
dosings, and at 14 to 20 days after discharge from the

- clinic for-the monitoring of platelet recovery. All samples - --

were taken immediately before lunch. Platelet aggrega-
tion was measured according to the method of Born [20]
with a PA-200 instrument (Kowa Co. Ltd., Tokyo, Japan).
Adenosine diphosphate (ADP, MC Medical Co. Ltd.,
Tokyo, Japan) was used as an aggregating agent. The
extent of platelet aggregation was evaluated by measuring
the maximal extension of the aggregation curve 5min
after the addition of 5um ADP.

Analytical methods

Plasma concentrations of ticlopidine, omeprazole, and 5-
hydroxyomeprazole were measured using the respective
validated liquid chromatography/mass spectrometry/mass
spectrometry (LC/MS/MS) methods as described below.

For the ticlopidine analysis 10 ul of methanol and 20 pl of
internal standard (mianserin, 1000 ng/ml in methanol)
were added to 0.1ml! of plasma. The analytes were
extracted into m-hexane (6ml) from an alkaline pH
(0.2 ml of 1 mol/l NaOH), then back-extracted into 0.1 M
HCI (0.5 ml). Aliquots (10 ul) were injected intoe the LC/
MS/MS system which consisted of an API3000 system
(AB/MDS Sciex, Foster City, California, USA) and Agilent
1100 HPLC system (Agilent Technologies, Palo Alto,
California, USA).

For the omeprazole and 5-hydroxyomeprazole analyses,
0.1 ml of plasma was mixed with 10 ul of methanol, 10pl
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of a methanolic solution with 1000 ng/ml of phenacetin as
an internal standard and 0.1 M phosphate buffer (pH 7.5,
0.6ml), and then applied to a solid-phase extraction
cartridge (Oasis HLB, 30 mg/ml, Waters, Milford, Massa-
chusetts, USA). These cartridges were then washed with
1.0 ml of 15% methanol, and the sample was eluted with
3ml of methanol. The eluate was evaporated to dryness
under a gentle stream of nitrogen at 40°C, and the
residue was reconstituted in 0.2ml of a high pressure
liquid chromatography mobile phase consisting of 10 mM
ammonium formate (pH 8.5)/acetonitrile (75:25 [vol/
vol]). After sonication and centrifugation, the super-
natant was filtered through Ultrafree (0.45pm, PTFE,
Millipore, Bedford, Massachusetts, USA), and an aliquot
of the filtrate (5pl) was injected into the LC/MS/MS
system.

Chromatographic separation of ticlopidine was performed
on a Luna C18(2) column (3um, 2.0 50 mm; Phenom-
enex, Torrance, California, USA) with a Security Guard
C18(0ODS) column (20 4mm, Phenomenex) at 30°C
using a mobile phase consisting of 0.1% acetic acid/acet-
onitrile (80:20 [vol/vol]) at a flow rate of 0.20ml/min.
Omeprazole and 5-hydroxyomeprazole were separated on
aXterra MS C18 column (3.5um, 2.1 50 mm; Waters) at
40°C using a mobile phase consisting of 10 mM ammo-
nium formate (pH 8.5)/acetonitrile (75:25 [vol/vol]) at a
flow rate of 0.2 ml/min.

Detection was carried out in the electrospray ionization
(TurbolonSpray) mode with multiple reaction monitering
using the API3000 system. The monitor ions were m/s
264 — 154 (Q1 - Q3) [-25¢eV] for ticlopidine, m/z 265—
208 (Q1—-Q3) [-29¢eV] for mianserin, mfz 346198
(01-Q3) [-17eV] for omeprazole, miz 362—214
(Q1-Q3) [-15eV] for 5-hydroxyomeprazole, and m/z
180 138 (Q1—>Q3) [-23eV] for phenacetin. Calibra-
tion was performed with blank plasma samples spiked
with the respective standard substances. Calibration
curves were constituted from the ratio of peak area
relative to the internal standard using Analyst version 1.1
(AB/MDS Sciex) with weighted (1/x) linear regression in
a range of 0.5-500ng/ml for ticlopidine and with
weighted (1/x) quadratic regression in a range of 5-
500 ng/ml for omeprazole and 5-hydroxyomeprazole. The
accuracy in four of six quality control samples prepared
using blank human plasma was within *+20%. The
plasma samples exceeding the quantitation range were
diluted 10-fold with blank human plasma.

Pharmacokinetic analysis )

Peak concentrations (Cmas) and time of maximum
concentration (7.} Were obtained directly from the
data. Pharmacokinetic analysis was performed in a model-
independent manner, and non-compartmental kinetic
parameters were calculated using standard methods. The
area under the observed concentration—time curve from
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time 0 to 24 h (AUCgy_,4) was calculated with the linear
trapezoidal rule. The elimination rate constant (f.) was
estimated using the least regression analysis from the
terminal post-distribution phase of the concentration-
time curve. The terminal half-life (#,;;) was calculated by
dividing 0.693 by the elimination rate constant. The AUC
from Oh to infinity (AUC,_,,) was calculated as follows:
(AUCo_ o) = (AUCqy24) + Cfk., in which G, represents
the last measured time point concentration. To assess the
possibility of accumulation of ticlopidine with multiple
dosings, the accumulation ratio, the AUCq_,4 ratio of day
7 wo day 1, was calculated.

Statistical analysis

The numerical values are given as the mean +SE.
Statistical differences in mean pharmacokinetic para-
meters for omeprazole, 5-hydroxyomeprazole and ticlopi-
dine among the three CYP2CI9 genotype groups were
determined by use of one-way ANOVA followed by the
Scheffé multiple comparison test. Statistically significant
differences in pharmacodynamic parameters among the
three genotype groups were determined by use of the
Mann-Whitney U test. Statistical differences in mean
pharmacokinetic parameters of ticlopidine observed on
days 1 and 7, and in the omeprazole/5-hydroxyomeprazole
ratio before and after the multiple ticlopidine dosings
were evaluated with the paired s-test. For correlation
between % inhibition of platelet aggregation and AUC
of ticlopidine,.the Spearman rank correlation _test was
applied. All P values were two-sided; P<0.05 was
considered statistically significant.

Results

No clinically undesirable signs and symptoms possibly
attributed to the administration of ticlopidine and/or
omeprazole were recognizable throughout the study.
According to the protocol, all subjects completed the
study successfully.

Omeprazole pharmacokinetics with and without ticlopi-
dine co-administration in relation to CYP2C79 genotypic
status

Plasma concentrations of omeprazole on day 0 were
higher and those of 5-hydroxyomeprazole were lower
in PMs compared with those in the two EM groups
(Fig. 2a, b). However, these intergenotypic differences
almost disappeared on the eighth day of ticlopidine
administration (Fig. 2c, d). As observed from the change
in AUC and in elimination half-life, the inhibition of
omeprazole metabolism was significant in both the EM
groups (Table 1). After the administration of ticlopidine
for 1 week, the AUC values of omeprazole and 5-
hydroxyomeprazole in the EMs were increased by three
to six times and reduced by approximately 40%,
respectively, resulting in the values similar to those in
the PMs (Table 1). The AUCy_, ratio of omeprazole to
5-hydroxyomeprazole showed a significant reduction of

5-hydroxyomeprazole production in both the EM groups;
in contrast, no significant changes were observed in PMs
(Fig. 3).

Ticlopldine pharmacokinetics in relation to CYP2C19
genotyplc status

The mean plasma concentration—-time curves of ticlopi-
dine in relation to CYP2CI9 status on the first and
seventh days of ticlopidine dosings is shown in Fig. 4. The
pharmacokinetic parameters of ticlopidine are summar-
ized in Table 2. Statistically significant intergenotypic
differences in the mean pharmacokinetic parameters of
ticlopidine were not observed on either of the study days.
However, the mean (% SE) accumulation ratio of
ticlopidine, the AUGCy 54 ratio of day 7 to day 1, in the
hmEMs, htEMs, and PMs was 2.4 + 0.2, 2.0 + 0.3, and
1.7 £ 0.1, respectively. Although the difference did not
reach the level of significance, the accumulation ratio
tended to be greater in the hmEM subjects compared
with the htEM or PM subjects. The mean trough
concentration data of ticlopidine from day 2 to day 8
are also shown in Fig. 4. Similar to the accumulation ratio,
the mean trough levels tended to be higher in the hmEM
subjects compared with the PM subjects, and the htEM
subjects had the values between those in hmEM and PM
subjects throughout the study period (see the inset of
Fig. 4).

Pharmacodynamics of ticiopidine versus CYPZCrg —~ —

status

As a pharmacodynamic assessment of ticlopidine, ADP-
induced platelet aggregation was measured on the first,
fourth and seventh days of the 8-day dosing period and
compared with the baseline values in the different
CYP2C19 genotypic groups. The mean maximum percen-
tage values for ADP-induced platelet aggregation relative
to the baseline values on the first, fourth and seventh
post-dose days were: 77.3+11.5, 55.0+153 and
46.5+ 14.3 in the hmEMs, 758 +8.7, 50.0 +7.7 and
42.5 £ 5.5 in the htEMs, and 77.0 + 14.4, 59.8 *+ 15.4 and
55.0 £ 17.2 in the PMs, respectively. Thus, the mean
percentage inhibition of ADP-induced platelet aggrega-
tion on the first versus the fourth and seventh post-dose
days increased with the repeated doses, irrespective of
CYP2C19 status: 29.5 + 12.4% and 40.4 + 12.4% in the
hmEMs, 33.7 £ 10.6% and 43.7 = 6.8% in the htEMs, and
21.3+18.0% and 28.4 %+ 17.2% in the PMs. The mean
maximum and percentage inhibition values for ADP-
induced platelet aggregation observed throughout the
treatment period did not differ significantly among the

genotypic groups.

The relationship between the individual percent inhibi-
tion of platelet aggregation and AUGC,. 54 values observed
on the seventh day of ticlopidine dosing is shown in
Fig. 5. The AUGy ;4 of ticlopidine is significantly
(P =0.031) correlated with the percent inhibition of
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The mean plasma concentrations of omeprazole and 5-hydroxyomeprazole among homozygous extensive metabolizers (hmEMs, closed circles),
heterozygous extensive metabolizers (htEMs, open circles) and poor metabolizers (PMs, tnangles) after a single oral 20-mg dose of omeprazole
before (day 0) and after (day 8) the concomitant intake of 200 mg/day ticlopidine.

Table 1 Pharmacokinetic data for omeprazole and 5-hydroxyomeprazole in the CYP2C19 genotyplc groups

Before ticlopidine (day 0) Atter ticlopidine (day 8)
Homozygous EMs Heterozygous EMs PMs (n=8) Homozygous EMs Heterozygous EMs PMs (n=6)
{n=6) {n=8) (n=6) (n=6)

Omeprazole
Crrax (ng/ml) 383.0+867.7 280.8+71.0 889.0+71.7"" 11433+ 100.9" 078.1 £62.1" 839.1+60.9
Torax (W) 20+04 23104 27404 28103 27403 26+0.2
Tare (W) 0.7%0.1 0.710.1 21+02" 1.8+0.2 1.6+0.1 1.8+0.2
AUCo. o (ng h/ml) 846.7£110.8 653.5+169.5 3284.4+268.8"" 4023.2+266.2'" 3271.8+3005'" 3208.9+262.6
6-hydroxyomeprazole - .
Crmex (ng/mi) 326.7+43.5 183.4121.6 63.65+77 76.316.6M" 711.6+2.7 64.1+3.9
Troax (W) 22+03 23404 32407 3.0+04 27403 23403
Tz (h) 1001 1.00.1 2.4+02" 2.8+0.4™ 2.1%04" 26+0.3
AUCq- (ng h/ml) 692.4+405 494.65+62.5 248.6+ 189" 4196+ 220" 3126+143" 271.7+78
AUC ratio” 09%0.1 1.3+03 13.4%0.7 9.7+0.7"* 106+1.0™M 118109
Data are the mean £ SE.

AUC ratio: AUCo—, ratio of omeprazole to S-hydroqomeprazole {i.e., omeprazole hydroxylation index).
*P<0.05 (versus EMs); “"P<0.01 (versus EMs); ** P<0.001 (versus EMs); TP<0.06 {versus before ticlopidine); 1Pp<0.01 (versus before ticlopidine); T"P<0.001

( betore ticlopidine)
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Fig. 3
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CYP2C19 genotype-dependent changes in the AUC ratio (omeprazole/S-hydroxyomeprazole) by the repeated 8-day ticlopidine administration.

" "Table 2 Pharmacokinetic padmeﬁ&-&iaﬁalﬁ?dllgﬁlﬁa the first (d;y_ﬁ and seventh (day 7) doses in 'relaﬂb-n. éd_EYi’zcw genotyplc

status .
Homozygous EMs (n=6) Heterozygous EMs {n= 6) PMs (n=6)
Day 1
Conex (ng/m) 496.5+70.3 642.6+146.3 613.9+96.6
Tooax (h) 22406 16+0.2 1.6+0.2
Tz () 103%1.1 12.7+24 133114
AUCo_24 (ng Wml) 1698.6+269.6 1847.3+289.1 1426.6 £347.9
Day 7
Conax {ng/m) 1069.8+123.7"" 816.4+876 614.4+166.8
Teoux (h) 18402 20+0.4 1.7£056
Tirz ) 12.9+08 173£6.7 16.8+3.0
AUCq_24 (ng h/mi) 3933.3+503.6" 3346.2+279.7" 2606.91800.9°
Ratio of day 7 to day 1 data
Cinex {ng/ml) 23+03 1.720.6 11201
Toax () 1.0+02 1.6£0.4 1.2+03
Tz () 1.3+0.1 13102 1.2+03
AUCq_24 (ng h/mi) 24+02 20+0.3 1.7£0.1

*P<0.01 (versus day 1 data); “"P<0.001 {versus day 1 data).

platelet aggregation. This relationship appeared to exist
regardless of CYP2C19 genotypic status.

Discussion

The primary objective of this study was to evaluate the
pharmacokinetics and pharmacodynamics of ticlopidine
in relation to genetically determined CYP2C19. poly-
morphism. The most important findings were that: (1) a
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significant intergenotypic change in CYP2C19 activity
(i.e., omeprazole 5-hydroxylation capability) was observed
after multiple doses of ticlopidine; (2) although statisti-
cally significant intergenorypic differences in the phar-
macokinetic parameters of ticlopidine were not observed,
the accumulation ratio of ticlopidine {i.e., the AUCy 4
ratio of day 7 to day 1} and trough concentrations at all
observed points tended to be greater in the hmEM
subjects; and (3) the mean percentage inhibition of
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ADP-induced platelet aggregation increased with the
repeated doses, but irrespective of CYPZC19 genotypic
status. These results indicate that ticlopidine is a potent
inhibitor ## vivo and a less prominent substrate for
CYP2C19 and that the CYP2C19 polymorphic genes are
likely important in terms of the interaction profiles of
ticlopidine, but not in terms of platelet aggregation.

This study describes a substantial decrease in the
CYP2C19 activity after repeated doses of ticlopidine in
both the groups of EMs, but not in PM subjects. Our
results confirm previous human studies showing that
ticlopidine is a potent inhibitor of CYP2C19 [18,21].
Importantly, the inhibition of the CYP2C19 activity
occurred only in the EM subjects, in whom hepatic
CYP2C19 is believed to be sufficiently expressed. Similar
genotype-dependent interactions have been reported for
certain drug combinations (CYP2C19 substrate plus
inhibitors) such as omeprazole plus moclobemide [22]
and fluvoxamine plus chloroguanide [23]. In all cases, the
pharmacokinetic parameters of substrates for CYP2C19
‘and their metabolites in the EM subjects changed to the

values similar to those in the PM subjects. Thus, multiple
doses of ticlopidine may be associated with a change in
phenotypic status from extensive to poor metabolizers,
so-called ‘phenocopying’ [24,25], when substrates for
CYP2C19 are co-administered to EM subjects.

Despite a long history of clinical use, there is limited
published information about the pharmacokinetics of
ticlopidine. As shown in Fig. 4, the mean trough
concentrations continued to rise over the seventh day
of dosing, suggesting that an accumulation or saturation
in the metabolism may occur during repeated dosings.
These results are well consistent with the earlier reports
that plasma ticlopidine concentrations (e.g., Cpax and
AUC) increase by three- to four-fold en repeated twice-
daily dosings over 2 to 3 weeks [10,11]. In the present
study, there was a trend toward the observation that the
accumulation of ticlopidine seemed to be influenced by
CYP2C19 polymorphism: the accumulation ratio tended
to be greater in the hmEM subjects. Similar to the ratio,
the mean trough levels also tended to be higher in the
hmEM subjects compared with the PM subjects, and
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the htEM subjects had the values between those in
hmEM and PM subjects throughout the study period.
Ticlopidine is rapidly oxidized by recombinant CYP2C19
with the formation of two major metabolites, the keto
tautomer of 2-hydroxyticlopidine and dimers of ticlopi-

dine S-oxide [16]. The former has actually been.detected.

as a metabolite of ticlopidine i# vivo [26]. Recently, Ha-
Duong e¢ 4/ [16] demonstrated that this CYP2C19-
catalyzed oxidation of ticlopidine occurs in parallel with
an inactivation of CYP2C19. Since the ticlopidine-
mediated inactivation of CYP2C19 is due to the covalent
binding of the reactive ticlopidine S-oxide to the
CYP2C19 active site, accumulation or saturation would
be expected to more discernibly occur in the EM
subjects, especially in the hmEM subjects. However, in
addition to CYP2C19, other CYP enzymes, such as
CYP2D6, CYP3A4 [16,19] and CYP2B6 (our unpublished
microsomal experiments), may be involved in the
oxidation of ticlopidine. Furthermore, the current in-vitro
studies examined ticlopidine to undergo the principal
routes of metabolism (i.e., N-dealkylation, N-oxidation
and oxidation of the thiophene ring) by peroxidases and
monoamine exidase [19]. Thus, this multiple enzyme-
mediated metabolism may explain why there were no
significant differences in the accumulation ratio among
the three CYP2C19 genotypic groups.

In this study we used the AUC, ;4 of ticlopidine on day 7
for the calculation of the accumulation index. For a better
understanding of the potential effects of genetic variation
on the pharmacokinetics of ticlopidine, sufficient time to
reach the steady state (i.e., 14 days) and long duration of
sampling time (i.c., 96 h) is needed. For these limitations,
the pharmacokinetics data on ticlopidine presented here
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should be viewed as the apparent values obtained during
the pseudo-steady state. Furthermore, whether and to
what extent CYP2C19 would be involved in the overall
metabolism of ticlopidine remain unanswered from this
in-vivo human study.

Despite its clinical usefulness, chronic administration of
ticlopidine results in a relatively high incidence of
hepatotoxicity [27-29]. Although the mechanisms in-
volved in the ticlopidine-induced hepatic injury remain
unknown, immune mechanisms and drug hypersensitivity
have been proposed. Previous studies indicated that
tienilic acid (a thiophene derivative and a substrate of
CYP2C9) and ticlopidine act as a selective suicide
substrate of CYP2C9 [17] and CYP2C19 [16], respec-
tively. It is well known that tienilic acid sometimes
induces immunoallergic hepatitis in a subset of patients
who produce anti-liver-kidney microsome antibody type
2 (LKM-2) autoantibodies {30-33]. Since LKM auto-
antibodies are observed in autoimmune hepatitis, in some
patients with drug-induced hepatitis, they are markers of
autoimmune hepatitis. In contrast to LKM-2 antibodies,
LKM-1 antibodies mostly target CYP2D6 [34]. In this
regard, we monitored LKM-1 and LKM-2 in the present
study. However, no changes in these antibody markers
were observed during the present short study period
(data not shown).

- Although. 2. significant positive correlation -was-observed -

between the individual percent inhibition of platelet
aggregation and the AUC, ,, of ticlopidine on the seventh
day of dosing, a large interindividual difference in platelet
aggregation could not be explained by the CYP2C19
polymorphism. Antiaggregant effects were noted at 24 to
48h with a maximal effect observed after 3 to 5 days of
dosings [35,36] or after 6 to 10 days in a Chinese study
{37]. Thus, the AUCy_24 observed on day 7 may be as a
pharmacokinetic parameter obtained at the appropriate
time of the maximal antiaggregant effect. Ticlopidine does
not inhibit ADP-induced platelet aggregation 2 osiro, and
hepatic conversion into active metabolite(s) is required for
drug action [38]. More than thirteen metabolites have
been described to date, but those responsible for the
antiplatelet effect have not yet been well documented.
Very recently, Yoneda ¢z 2/ [39] identified a metabolite
with a potent antiplatelet activity, UR-4501, which was
generated after incubation of 2-oxo-ticlopidine with
phenobarbital-induced rat liver homogenate. They indi-
cated that UR-4501 produced a concentration-dependent
inhibition of ADP-induced human platelet aggregation,
whereas 2-oxo-ticlopidine did not elicit inhibitory re-
sponses. Although the major CYP enzyme(s) responsible
for the formation of UR-4501 has yet to be identified, our
results suggest that it is not CYP2C19. An in-vitro study is
definitely required for screening CYP enzyme(s) respon-
sible for the formation of the pharmacologically active
metabolite(s) such as UR-4501.
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Summary: Nineteen genetic variations, including 11 novel ones, were found in exon 1 and its flanking

region of the UDP-glucuronosyltransferase (UGT) 1A4 gene from 256 Japanese subjects, consisting of
60 healthy volunteers, 88 cancer patients and 108 arrhythmic patients. These variations include

—217T >G and —36G>A in the 5-flanking region, 30G>A (P10P), 127delA (43fsX22; frame-shift -- -~ - --

from codon 43 resulting in the termination at the 22nd codon, codon 65), 175delG (59fsX6), 271C>T
(R91C), 325A>G (R109G), and 357T >C (N119N) in exon 1, and IVS1+1G>T, 1VS1 +98A>G and
IVS1+ 101G >T in the following intron. Among them, 127delA and 175delG can confer early termina-
tion of translation, resulting in an immature protein that probably lacks enzymatic activity. Variation
IVS1+1G>T is located at a splice donor site and thus may lead to aberrant splicing. Since we did not
find any significant differences in the frequencies of all the variations among the three subject groups, the
data were analyzed as one group. The allele frequencies of the novel variations were 0.006 for IVS1 +
101G>T, 0.004 for 30G>A (P10P) and 357T>C (N119N), and 0.002 for the 8 other variations. In
addition, the two known nonsynonymous single nucleotide polymorphisms (SNPs), 31C>T (R11W) and
142T > G (L48Y), were found at 0.012 and 0.129 frequencies, respectively. The SNP 70C> A (P24T),
mostly linked with 142T > G (L48V) in German Caucasians, was not detected in this study. Sixteen
haplotypes were identified or inferred, and some haplotypes were confirmed by cloning and sequencing.
It was shown that most of 142T > G (L48V) was linked with ~219C>T, —163G> A, 448T >C (L150L),
804G>A (P268P), and IVS1+43C>T, comprising haplotype *3a; haplotype *4a harbors 31C>T
(R11W); 127delA (43£sX22) and 142T >G (L48V) were linked (haplotype *5a); 175delG (59fsX6) was
linked with 325A > G (R109G) (*6a haplotype); and ~219C>T, —163G> A, 142T > G (L48V), 271C>T
(R91C), 448T >C (L150L), 804G > A (P268P), and IVS1+43C>T comprised haplotype *7a. Our results
provide fundamental and useful information for genotyping UGT1A4 in the Japanese and probably
Asian populations.

Key words: UGT1A4; amino acid alteration; frameshift; splice donor site; drug metabolism
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Table 1. Primers utilized for UGTIA4 amplification and sequencing

Direction Primer Name Sequences Location*
Amplification forward UGT1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
reverse UGTIA4-15tR TGAAAACTTGAAATACACTAGGC 136460
Sequencing forward UGTI1A4-1stF TTAACAAAGTAGAAGGCAGTG 135092
forward UGTI1A4dseqF2 GGGCTGAGAGTGGAAAGGT 135502
forward UGT1A4seqF3 TCCTTCCTCCTATATTCCTAAGTT 135995
reverse UGTI1AdsegR1-2 ATCAAATTCCTTCTGGGTCC 135698
reverse UGT1A4seqR2 AAGGGGCAGAAAAAGTATGG 136119
reverse UGT1A4-1sIR TGAAAACTTGAAATACACTAGGC 136460

“The 5’-end of each primer on AF297093.1.

On December 2, 2004, these variations were not found on the UDP
Glucuronosyltransferase home page (bttp:/ /som.fRinders.edu.au/
FUSA /ClinPharm /UGT/), the Japanese Single Nucleotide Polymor-
phisms (JSNP) (http:/ /snp.ims.u-tokyo.ac.jp/), dbSNP in the
National Center for Biotechnology Information (http://www.ncbi.
nim.nih.gov/SNP/), or PharmGKB (bitp://www.pharmgkb.org/
do/) databases.

This study was supported by the Program for the Promotion of
Fundamental Studies in Health Sciences (MPJ-1, -3, and -6) of the
Pharmaceuticals and Medical Devices Agency (PMDA) of Japan, and
the program for the Promotion of Studies in Health Scrences of the
Ministry of Health, Labor and Welfare of Japan.

.. —Intreducticn— -

As phase I enzymes, the UDP-glucuronosyliran-
sferase enzymes (UGTs) play crucial roles in the detox-
ification and elimination of a large number of en-
dogenous and exogenous compounds.” Of the UGT1
and UGT?2 subfamilies expressed in humans, the genes
encoding UGT1As have a unique genetic structure
consisting of at least 13 different exon 1‘s, including
four inactive ones, and the common exons 2 to §
clustered on chromosome 2q37.% One of the exon 1’s
can be spliced on to the common exons. The N-terminal
domains (encoded by the exon 1’s) of the UGTIA
proteins determine their substrate-binding specificity,
and the common C-terminal domain (encoded by exons
2 to 5) is important for UDP-glucuronic acid binding.”

UGTI1AA4 is expressed in the liver, bile ducts, colon,
small intestine, and pancreas.’*> UGT1A4 catalyzes the
conjugation of exogenous amines and alcohols, includ-
ing nicotine, sapogenins, imipramine, trifluoperazine,
and tamoxifen.’*® In addition, many androgens and
progestins are reported as endogenous substrates of
UGT1AA4.2 Several genetic polymorphisms of UGT1A4
were reported in the public databases. Among them,
two nonsynonymous single nucleotide polymorphisms
(SNPs), 70C>A (P24T) and 142T>G (L48V), were
found in German Caucasians, and they were shown to
be closely associated.'” The variant enzymes (24T and

48V) had reduced in vitro activities for f-naphtylamine,
benzidine, trans-androsterone, and dihydrotestosterone
in a substrate-specific manner.'?

In spite of the clinical importance of UGT1A4, there
is no report on the comprehensive sequencing analysis
for the genetic polymorphisms of UGTIA4 in Asian
populations, including the Japanese. In the present
study, UGTIA4 exon 1 was sequenced from 256
Japanese subjects. Eleven novel genetic variations were
identified, including 4 nonsynonymous ones.

Materials and Methods
Human genomic DNA samples: DNA was obtained
from the blood leukocytes of 88 Japanese cancer

" patients and 108 Japanese arrhythmic patients. Written
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informed consent was obtained from all participating
patients. DNA was also extracted from Epstein-Barr
virus-transformed lymphoblastoid cells, for which
blood samples were collected from 60 healthy Japanese
volunteers at the Tokyo Women’s Medical University
under the auspices of the Pharma SNP Consortium
(Tokyo, Japan). Informed consent was also obtained
from all healthy subjects. The ethical review boards of
all the participating organizations approved this study.

PCR conditions for DNA sequencing: First, exon 1
of UGTI1A4 was amplified from genomic DNA (100 ng)
using 0.625 units of Ex-Taq (Takara Bio. Inc., Shiga,
Japan) with 0.2 uM of amplification primers designed in
the introns (Table 1). The PCR conditions were 94°C
for Smin, followed by 30cycles of 94°C for 30 sec,
55°C for 1 min, and 72°C for 2 min, and then a final
extension at 72°C for 7 min. These PCR products were
then treated with a PCR Product Pre-Sequencing Kit
(USB Co., Cleveland, OH, USA) and were directly
sequenced on both strands using an ABI Big Dye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) (see Table 1 for sequencing
primers). The excess dye was removed by a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed
on an ABI Prism 3700 DNA Analyzer (Applied
Biosystems). All variations were confirmed by repeating
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A 127delA (43 £5X 22) (sense)
Wild-type Variant

CCCCTGGCTCAGCATGCGGGA CCCCTGGCTCAGCATGCGGGA
GCATGCGGGAG

(A deletion)
B 175delG (59 £5X 6) (sense)

Wild-type Variant

CCACCAGGCGG’I GGTCCICAC. CCACCAGGCGGTGGTCCTCAC |
TGGTCCTCACC
(G deletion)

C  271C>T (Arg 91 Cys) (antisense)
Wild-type

AGCGTAACGCQATCAAA’I'I’CC AGCGTAACGCGATCAAA’ITCC
A

Fig. 1
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D 325A>G (Arg 109 Gly) (antisense)
Wild-type

Wild-type

GT

CCAATACAGACCTGAGAT

Variant

0 . .

CTAG.

C

T

,,,,, i i &
AGACCTGAGATA
A

Fig. 1. The 4 novel genetic variations with amino acid substitutions and 1 splice donor site variation of human UGTI1A44. (A) MPJ6_U1A087
(wild-type, 127A/A; variant, 127A /-). (B) MPJ6_U1A089 (wild-type, 175G/G; variant, 175G/-). (C) MPJ6_U1A090 (wild-type, 271C/C; variant,
271C/T). (D) MPJ6_U1A091 (wild-type, 325A/A; variant, 325A/G). (E) MPJ6_U1A096 (wild-type, 1VS]1 + 1G/G; variant, 1VS1+1G/T).

Arrows indicate the positions of the nucleotide changes.

the PCR on genomic DNA and sequencing the newly
generated PCR products. Furthermore, the rare
variations found in only one subject were confirmed by
sequencing the PCR fragments produced by amplifica-
tion with a high fidelity DNA polymerase KOD-Plus-
(TOYOBO, Tokyo, Japan).

Linkage disequilibrium (LD) and haplotype analysis:
Hardy-Weinberg equilibrium analysis and LD analysis
were performed by SNPAlyze software (Dynacom Co.,
Yokohama, Japan). Pairwise LDs were shown in rho
square (r°) values. Some of the haplotypes were unam-
biguous from the subjects with homozygous SNPs at all
sites or a heterozygous SNP at only one site. Separately,
the diplotype configurations (a combination of haplo-
types) were inferred by LDSUPPORT software, which

145

determines the posterior probability distribution of the
diplotype configuration for each subject based on the
estimated haplotype frequencies.!” The haplotypes were
described as a number plus a small alphabetical letier.

Results and Discussion

UGTI1A4 exon 1 and its flanking regions (from —286
bases upsiream of the translational start site to 112
bases downstream of the end of exon 1) were sequenced
from 256 Japanese subjects. Genbank accession number
AF297093.1 was utilized for the reference sequence.
Nineteen polymorphisms were detected, including 11
novel ones (2 were in the 5’-flanking region, 6 in exon 1,
and 3 in the following intron) (Table 2). All of the allelic
frequencies were in Hardy-Weinberg equilibrium (p=
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0.13 or over). Since we did not find any significant

differences in the frequencies of all the variations among - Z g ERiE 2lg]
three subject groups (p>0.25 by x? test) and between § = < FRIEIFE
two of the three groups (p>0.13 by x? test or Fisher’s E Iz gﬁg glzizlsisimialalslglalala
exact test), the data for all subjects were analyzed as one ' G o i i o o U Sl kvl o e o
group. Foe

We found two novel nonsynonymous variations, 278
271C> T (R91C) and 325A > G (R109G), and two novel -
deletions, 127delA (43fsX22) and 175delG (59fsX6), as 28X
individual heterozygotes at a 0.002 frequency. Among
them, 127delA (43fsX22) and 175delG (59fsX6) are the :;_' 3 5
frameshift variations starting from codon 43 and 59,
respectively, resulting in early stop codons at the 22nd B=k
(i.e. codon 65) and the 6th (i.e. codon 65) codons, =
respectively. It is most likely that these variations 37 §!‘
generate an immature protein that probably has null *o g
activity. The functional significance of 271C > T (R91C) e €
and 325A > G (R109G) is currently unknown. Addition- 413
ally, IVS1+ 1G> T, which was found at a frequency of Tl
0.002, was located at a splice donor site and thus may =| 328
lead to aberrant splicing (Fig. 1). k- : -

We also detected two known nonsynonymous SNPs, § & l‘;_( 2 g
31C>T (R11W) and 142T>G (L48V), at 0.012 and = id g
0.129 frequencies, respectively. The frequency of g ay g g
142T>G (L48V) was almost comparable to that of ) i 8
German Caucasians (0.09).!” L48V was reported to lead P §
to a partial decrease in glucuronidation of g-naphthyla- £ =48 s
mine and benzidine, a marked c!_ecyease in the activity g - 5 T -
to  trans-androsterone, and no activity toward di- FRICE R 3
hydrotestosterone in vitro.'” The functional significance E . B
of SNP 31C>T (R11W) has not been reported yet. 2|32 § 2

High linkage disequilibrium (r*=0.89) was observed E =
among —219C>T, —163G>A, 142T>G (L48V), S|az 3 35
448T>C (L150L), 804G>A (P268P), and IVSI+ - 5 é ko
43C>T. A perfect linkage (r*=1) was found between 215 Z 2 & 3
175delG and 325A > G (R109G), but found in only one & & f §
subject. The r? values were below 0.014 between the P < &
other pairs of polymorphisms. The SNP 70C>A N g
(P24T), mostly linked with 142T > G (L48V) in German < E _g
Caucasians,'® was not deiected in this study. Thus, it M : <
must be clarified whether the differences in the linkage 2 I3
of those SNPs may lead to the ethnic differences in the 8 5 g _g
enzymatic activities of UGT1A4. A similar kind of S E
ethnic difference has been found in the *IB haplotype, 5% e 2
which harbors the three linked SNPs in the 3’-untransla- o 8 ;
ted region of UGTIA common exon 5 found in.a = g3
Japanese population.!” In Caucasian and African- e E £
American populations, this linkage of the 3 SNPs was . = R
not complete, especially in African-Americans.'? Y |8 .3!? 2SS ?:"‘F‘ SIRERERISE £t

Using the detected SNPs, haplotype analysis was then £ E z 3
performed (Table 3). Since UGTIA4*2 [10C>A § 2 - m olatobide g g
(P24T)] and *3 [142T>G (L48V)] were defined in H E ' “TIrriice
AF465196 and AF465197 (Genbank accession num- : 12 _ < g
bers), respectively, the novel haplotypes with amino awdislent ;5: ﬁ

acid changes, frameshift variations, or splice donor site
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variation, were assigned as haplotypes *4 to *8. Several
haplotypes were first unambiguously assigned by
homozygous SNPs at all sites (*/Ja and *3a) or a
heterozygous SNP at only one site (*7b, *1d-*1i, *3b,
*4a, and *8a). Separately, we estimated the diplotype
configuration (a combination of haplotypes) for each
subject by LDSUPPORT software. The diplotype
configurations of 256 subjects were inferred with
probabilities (certainty) of 0.9998 or over, except for
one subject. The additionally inferred haplotypes were
*Ic, *Sa, *6a, and *7a. As for one subject with a low
probability (who had heterozygous SNPs of
—-219C>T, —=163G>A, 31C>T, 142T>G, 448T>C,
804G >A, and IVS1+43C>T), the diplotype was
determined by the cloning and sequencing of DNA
fragments. One chromosome had haplotype *3q
(consisting of —~219C>T, —163 G>A, 142T>G,
448T > C, 804G > A, and IVS1 +43C>T) and the other
had haplotype *4a (31C>T). Moreover, the data
obtained by cloning and sequencing analysis confirmed
the presence of haplotypes *5a [127delA (43fsX22) and
142T > G (L48V)}, *6a [175delG (59fsX6) and 325A>G
(R109G)], and *7a [-219C>T, —163G> A, 142T>G
(L48V), 271C>T (R91C), 448T>C (L150L), 804G > A
(P268P), and IVS1+43C>T] (Table 3). The most
frequent haplotype was *la (frequency: 0.818),
followed by *3a (0.123), *4a (0.012) and *I1b (0.010).
The frequencies of the other haplotypes were less than

~0.01. Since 335A > G (R109G) was linked with 175delG

(59fsX6), the enzymatic activity of this haplotype (*6a)
is probably null. The other SNP, 271C>T confers the
RI1C substitution. In human UGT1A4, eight cysteine
residues were located in the lumenal domain.*"¥
Though the disulfide-bond formation and its sig-
nificance are not clear in the UGT1A4, it has been
reported that the reduction of disulfide-bonds of rat
UGT1A6 with dithiothreitol increases its enzymatic
activity in the liver microsomes.'® On the other hand,
the alterations of several lumenal cysteines into serine
residues seem to reduce the UGT1A6 activity when the
mutant enzymes were expressed in COS cells.'® The
effect of additional cysteine residue at codon 91 in the
UGT1A4 should be determined in the future.

In conclusion, we detected 19 polymorphisms,
including 11 novel ones, in UGTI!A4 from a Japanese
population. Using the detected polymorphisms, 16
haplotypes were identified. Our results provide fun-
damental and useful information for genotyping
UGTI1A4 in the Japanese, and probably Asian popula-
tions.
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