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CYP2A6 is the main enzyme that catalyzes nicotine into cotinine.
Interindividual differences in nicotine metabolism result at least partially
from polymorphic variation of CYP2A6 gene. In this study, we evaluated the
influence of CYP2A6 polymorphisms on clinical phenotypes of smoking, such
as smoking habit and withdrawal symptoms. Japanese smokers (n=107)
were genotyped for CYP2A6*1, *4 and *9. Consistent with the previous
reports, CYP2A6 genotypes have a tendency to correlate with the number of
cigarettes per day and with daily intake of nicotine. Interestingly, CYP2A6
high-activity group (CYP2A6*1/*1, *1/*9, *1/*4, *9/*9) smoked the first
cigarette of the day earlier than low-activity group (CYP2A6*4/*9, *4/*4),
indicating more remarkable nicotine dependence. Furthermore, nicotine
withdrawal symptoms were more serious in smoking cessation in CYP2A6
high-activity group. Collectively, CYP2A6 genotypes are related with nicotine
dependence, influencing smoking habits and withdrawal symptoms in
quitting smoking. It is proposed that individualized smoking cessation
program could be designed based on CYP2A6 genotypes.

The Pharmacogenomics Journal (2006) 6, 115-119. doi:10.1038/sj.tpj.6500348;
published online 10 January 2006
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Iintroduction

Smoking is one of the most important risk factors for serious diseases, including
cancers, chronic obstructive pulmonary diseases and cardiovascular diseases. It is
strongly recommended that smokers should cease smoking for good health.
However, there is an interindividual diversity in the difficulties in quitting
smoking, mainly due to nicotine dependence. Therefore, to carry out smoking
cessation program effectively, individual status of smoking should be estimated
and, more importantly, predicted, based on nicotine dependence.

Nicotine is metabolized to cotinine, an inactive metabolite, principally by
CYP2A6.! Several CYP2A6 gene polymorphisms have been identified so far, and
three alleles, *1, *4 and *9, are shown to be the major polymorphisms in
Japanese. CYP2A6*1 is a wild-type allele with normal enzyme activity. CYP2A6*4
is a whole deletion type of the CYP2A6 gene.?® CYP2A6*9 has a single-nuclectide
polymorphism in TATA box, T-48G substitution, which impairs the transcrip-
tional activities* and, consequently, its enzymatic activity.>® It has been clearly
demonstrated that the pharmacokinetics of nicotine is influenced by CYP246
polymorphisms.
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In the present study, as pharmacokinetic changes in
plasma nicotine concentration are considered to be related
with craving for nicotine,” we hypothesized that CYP2A6
polymorphisms might affect smoking status. And we
evaluated the relation between CYP2A6 genotypes and
smoking habits, including nicotine withdrawal symptoms,
from the point of view of nicotine dependence. The data
presented here provide insights into individualized smoking
cessation program based on CYP2A6 genotypes.

Results

First, we confirmed the relationship between the CYP2A6
genotypes and the number of cigarettes in the subjects
analyzed in the present study (Figure 1a). In vivo enzymatic
activity of nicotine metabolism decreases in order,
CYP2A6*1/%1, *1/*9, *1/%4, *9/*9, *4/*9 and *4/*4.5 CYP2A6
genotype, which determines the enzyme activity in vivo, had
a tendency to be associated with the number of cigarettes
smoked per day, as reported previously.®° Next, the
amounts of daily nicotine intake were also examined. As
shown in Figure 1b, CYP2A6 genotype is likely to be linked
with daily nicotine intake, proposing the possible associa-
tion between CYP2A6 genotypes and nicotine dependence.

Association between CYP2A6 genotypes and smoking
habits, such as the number of the cigarettes per day and
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Figure 1 Relationship between the CYP2A6 genotypes and the number
of cigarettes smoked per day (a) or the amount of daily nicotine intake
(b). CYP2A6 genotypes had a tendency to be associated with the
number of cigarettes smoked per day (n=107, P=0.09) and the
amount of daily nicotine intake (n=70, P=0.06).
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the daily nicotine uptake, was statistically analyzed.
The subjects were divided into the high- and low-activity
group, based on their CYP2A6 genotypes, according to the
previous study.® The subjects with the *1/#1, *1/9, *1/*4 and
*9/%*9 genotypes, whose metabolic activities of nicotine
are more than 70% of those of the subjects with *1/%1, were
defined as high-activity group, whereas the subjects with the
*4/*9 and *4/*4 genotypes with less than 50% of metabolic
activities of the subjects with *1/*1 as low-activity group.
It was found that the associations of CYP2A6 genotypes
with the number of cigarettes or with the nicotine
uptake approached statistical significance (P=0.09 or 0.06,
respectively).

To evaluate nicotine dependence more directly, we
analyzed the relation between CYP2A6 genotypes and the
time to the first cigarette as described in Materials and
methods. As shown in Figure 2, proportion of subjects who
smoked the first cigarette within 5min of waking up was
significantly higher in CYP2A6 high-activity group than in
low-activity group (36.8%, n=95 and 8.3%, n=12, respec-
tively, P<0.05), suggesting that the subjects with high
CYP2A6 activity show the severer nicotine dependence than
those with low activity.

Fagerstrom Test for Nicotine Dependence (FIND) is
commonly performed to estimate nicotine dependence.
Thus, the relationship between CYP2A6 genotypes and
nicotine dependence was evaluated according to FTND.
Consistent with the results shown in Figure 2, there was
significant association between the total score of FTND and
CYP2A6 activity (3.9541.45 in high-activity group,
3.17+£0.94 in low-activity group, P<0.05) (Figure 3).

Finally, nicotine dependence was diagnosed according
to the severity of withdrawal symptoms observed during
smoking cessation. In the population of smokers who tried
to quit smoking, withdrawal syndrome was categorized into
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Figure 2 CYP2A6 genotypes were related to time to the first cigarette
of the day. The proportion of subjects who smoked the first cigarette
within 5min of waking up was calculated, as an index for nicotine
dependence. The proportion of subjects was significantly higher in
CYP2A6 high-activity group than in low-activity group. CYP2Aé6 high-
activity group consists of subjects carrying CYP2A6*1/*1, *1/%9, *1/*4
and *9/*9. Low-activity group consists of subjects carrying CYP2A6*4/*9
and *4/%4.
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Figure 3 CYP2A6 genotypes are associated with nicotine dependence,
analyzed by Fagerstrom Test for Nicotine Dependence. A total score for
nicotine dependence was calculated by total scores on self-reported
number of cigarettes smoked per day and time to the first cigarette of
the day. The score was significantly high in CYP2A6 high-activity group,
compared to low-activity group. Data are shown as mean+s.d.

three groups: severe, moderate and weak. The proportion of
subjects with severe withdrawal symptoms was higher in
CYP2A6 high-activity group than in low-activity group
(Figure 4a). The proportion of subjects was 50.0, 44.4 and
5.6% for severe, moderate and weak withdrawal symptoms,
respectively, in high-activity group (n=72), and 22.2, 44.4
and 33.3%, respectively, in low-activity group (n=9) (3 test;
P<0.05). Furthermore, as nicotine replacement therapy
affects the withdrawal symptoms, the degree of withdrawal
symptoms was compared in the subpopulation that tried to
quit smoking by receiving nicotine replacement therapy.
The proportion of subjects was 60.4, 37.5 and 2.1% for
severe, moderate and weak symptom, respectively, in high-
activity group (n=48), and 33.3, 16.7 and 50.0%, respec-
tively, in low-activity group (n=26) (3* test; P<0.01; Figure
4b). To clarify the association between the CYP2A6 activities
and nicotine dependence, the odds ratios (ORs) with 95%
confidence intervals (Cls) were estimated relatively to the
subjects with the weak withdrawal symptoms. In the total
subjects, the ORs (95% CIs) were 6.0 (0.97-37.12, P=0.128)
for the moderate and 13.5 (1.71-106.56, P=0.025) for the
severe, respectively. In the subpopulation, they are 54.0
(2.61-1116.96, P=0.0089) for the moderate and 43.5 (2.99-
633.62, P=0.00341) for the severe, respectively. Collec-
tively, the relation between severities of withdrawal symp-
toms and CYP246 genotypes is more clearly demonstrated
in this subpopulation.

Discussion

In the present study, we have demonstrated that CYP246
mutant allele with impaired or null enzyme activity was a
negative risk factor for habit of smoking, especially nicotine
dependence.
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Figure 4 Impacts of CYP2A6 genotypes on withdrawal symptoms in
the subpopulation that tried to quit smoking. Degree of withdrawal
symptoms was evaluated using a questionnaire. (a) In CYP2A6 high-
activity group, the withdrawal symptoms were significantly more serious
than the low-activity group. (b) Degree of withdrawal symptoms and
CYP2A6 genotypes in the population that tried to quit smoking by
receiving nicotine replacement therapy. Among the population that
tried to quit smoking by receiving nicotine replacement therapy, severe
withdrawal symptoms were more remarkable in CYP2A6 high-activity
group than in low activity group.

First, the number of cigarettes per day was likely to be
associated with the activity of CYP2A6. Relation between
the number of cigarettes and CYP2A6 genotype has been
analyzed in several studies, with inconsistent results. Some
studies have also shown that subjects who possessed
CYP2A6 mutant allele smoked fewer cigarettes,®1° as is the
case with the present study, whereas others reported that
CYP2A6 genotypes are not associated with cigarettes con-
sumption in Japanese,*"** Chinese’* and Caucasians.’® As
smoking behavior is also influenced by environmental
factors, these conflicting results might be due to interindi-
vidual differences in the environmental factors including
lifestyles. In this study, a majority of the subjects were
working as ‘white collar workers’, so difference in environ-
mental influence was expected to be minimized.

To our knowledge, this is the first report that evaluated
the relationship between the time to the first cigarette of the
day and CYP2A6 genotypes. And it is revealed that the
subjects with high-activity alleles of CYP2A6 smoke the first
cigarette earlier than those with low activity. Importantly, as
the time to the first cigarette of the day is considered to be
influenced by nicotine dependence, it is possible that
CYP2A6 activity is related with nicotine dependence. To
address this possibility, nicotine dependence was quantified
by calculating the score on the number of cigarettes per day
and the time to the first cigarette of the day, according to
FTND score. These two items are most important factors of
FTND score, '8 and are generally used in smoking cessation
program. As a result, nicotine dependence was more
remarkable in the subjects with CYP2A6 high activity than
in those with low activity.

Finally, we investigated the relationship between nicotine
withdrawal symptoms and CYP2A6 genotypes. It was
revealed that the subjects in CYP2A6 high-activity group

The Pharmacogenomics journal
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exhibited manifest withdrawal symptoms, which are clinical
phenotypes derived from nicotine dependence in smoking
cessation. Moreover, the correlation between CYP246
genotypes and withdrawal symptoms is more remarkable
in subjects who received nicotine replacement therapy.
Recent studies have provided molecular and cellular aspects
of nicotine abuse. From the neuroscientific point of view,
withdrawal symptom is considered to be the process of the
nicotinic acetylcholine receptor from desensitization/inac-
tivation states to functional states.’” Importantly, low
concentrations of nicotine cause desensitization of its
receptoss. Therefore, the smokers with high CYP2A6 activity
might maintain a low level of nicotine that may inactivate a
larger number of nicotinic receptors, compared with those
with low activity. As a result, after many hours of
abstinence, an excessive number of desensitized/inactivated
njcotine receptors may begin to recover to functional states
in the smokers with high CYP2A6 activity, resulting in the
severe withdrawal symptoms.

In the process of smoking cessation, a number of smokers
receive nicotine replacement therapy. High dose of nicotine
is administered, for example, with nicotine patch, at the
starting point and the subjects gradually weaned themselves
from nicotine by reducing the dosage according to the
generalized cessation protocol. Considering that the sub-
jects with high CYP2A6 activity are prone to nicotine
dependence, it might be beneficial to individualize the
protocol for nicotine replacement therapy. Theoretically, by
reducing the dosage of nicotine more deliberately in the
subjects with high activity than in those with low activity,
the success rate in quitting smoking would be improved. At
the same time, we have also noticed the limitation of the
individualized program for smoking cessation based on
CYP2A6 genotypes alone. It is likely that other gene
polymorphisms, in addition to CYP2A46, might be involved
in nicotine dependence, because interindividual differences
were not completely canceled by classifying the subjects
based on CYP2A6 genotypes. Further investigation may be
required to understand the genetic background of the
susceptibility to nicotine dependence.

In conclusion, we found that CYP2A6 genotypes affect
smoking habit, nicotine dependence, and withdrawal
symptoms during smoking cessation. It could be proposed
that CYP2A6 genotyping may be a novel pharmacogenomic
strategy for smoking cessation program as an individualized
health care.

Materials and methods

Subjects

This study is designed as a multicenter trial. The study
subjects consisted of 107 Japanese smokers who attended to
a clinic for their health care. The patients with life-
threatening diseases, including cancer, heart fajlure and
symptomatic chronic obstructive pulmonary diseases, were
excluded. All subjects gave their informed consent to
participate in this study.

The Pharmacogenomics journal

Table 1 Scoring for the degree of nicotine dependence,
analyzed by the Fagerstrom Test for Nicotine Dependence
(FTND)

Score 0 1 2 3
Number of cigarettes/day ~10  11-20 21-30 31~
First cigarette of the day (min) 61~  31-60 6-30 ~5

~ =from XX to XY.

This study was approved by the institutional review
committee of Osaka University.

Estimation of smoking status

All subjects were interviewed about their smoking habits
such as the number of cigarettes per day, the nicotine
content of the cigarettes, which they usually smoke, and
time to the first cigarette of the day, which is generally
accepted as a clinical index for nicotine dependence. Daily
nicotine intake was calculated by multiplying the number of
cigarettes per day by nicotine content of cigarette.

The total score for nicotine dependence was calculated by
summing scores on two items that were extracted from
FIND: ‘the number of cigarettes smoked per day’ and ‘time
to the first cigarette of the day’ (Table 1).

In the subpopulation that tried to quit smoking (n=81),
the degree of withdrawal symptoms was evaluated using a
questionnaire. The degree of withdrawal symptoms was
categorized into three groups: severe, moderate and weak.

Genotyping

Genomic DNA was extracted from blood using the QlAamp
Blood Kit according to the manufacturer’s protocol (Qia-
gen). The genotyping of CYP2A6*4 was carried out by the
PCR-RFLP method, according to the previous report.’® The
primers used for the PCR were as follows: forward - CAC
CGA AGT GTT CCC TAT GCT G; reverse - TGT AAA ATG
GGC ATG AAC GCC C. Genomic DNA samples (45 ng) were
added to the 25-ul PCR mixtures that consisted of 0.2 M
each primer, PCR Gold Buffer, 2.5 mMm MgCl,, 0.4 mmM dNTPs
and 1.25U of AmpliTaq Gold DNA polymerase (Applied
Biosystems). PCR was performed with an initial step at 94°C
for 5min, followed by 40 cycles at 95°C for Smin, at 56°C
for 1min and at 72°C for 2min, with a final extension at
72°C for 7 min. The PCR product was digested with Eco811.
The digestion patterns were analyzed by electrophoresis
with 2% agarose gel. Mutation allele was identified from the
fragment with 728 bp, whereas the wild-type allele was from
that with 789bp.

CYP2A6*9 alleles were genotyped by the allele-specific
PCR method reported previously,® with minor modification.
The primers used for the PCR were as follows: forward — GAT
TCC TCT CCC CTG GAA C, reverse-wild type: GGC TGG
GGT GGT TTG CCT TTA; reverse-mutant type - GGC TGG
GGT GGT TTG CCT TTC. The PCR reaction was performed
in 25 ul PCR reaction mixtures containing 45ng genomic
DNA, 0.4 pM each primer, PCR Gold Buffer, 2mM MgCl,,
0.2mM each dNTP and 1.25U AmpliTag Gold DNA



polymerase. PCR was performed with an initial step at 94°C for
Smin, followed by 35 cycles at 94°C for 30s, at 66°C for 30s
and at 72°C for 25 s, with a final extension at 72°C for 7 min.
Under these conditions, amplification of DNA fragments
produced single product. The PCR product was detected with
ABI PRISM 7700 Sequence detector (Applied Biosystems) using
fluorescent dye SYBR Green I (Molecular Probes).

Owing to the low frequency, the alleles, except CYP246*4
and *9, were defined as CYP246*1.

Statistical analysis

According to the genotypes, subjects were divided into two
groups, high- and low-activity group, as described pre-
viously.> In brief, subjects with the *4/9 and *4/*4
genotypes were considered to have less than 50% of the
enzyme activity of *1/*1 and, therefore, defined as CYP2A6
low-activity group, whereas those with the *1/41, *1/*9, *1/%4
and *9/*9 genotypes were defined as CYP2A6 high-activity
group. All comparisons were carried out between CYP2A6
high-activity group and CYP2A6 low-activity group. Differ-
ences in the number of cigarettes, daily nicotine intake and
score for nicotine dependence were tested using Mann-
Whitney U-test. The y? test was used to assess the time to the
first cigarette of the day. The frequencies of withdrawal
symptoms were also analyzed with yx® test. To assess the
association of the CYP2A6 genotypes with the withdrawal
symptoms, we calculated ORs and their 95% ClIs. An
association was reported as statistically significant if the
respective null hypothesis of OR =1 was rejected at P<0.05
or when the respective 95% ClIs did not include the value 1.
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Warfarin dose requirement for patients with both
VKORCI1 3673A/A and CYP2C9%3/%3 genotypes

To the Editor:

Recently, interindividual variation in the maintenance dose
of warfarin has been accounted for by several genetic factors,
including cytochrome P450 (CYP) 2C9 and vitamin K epox-
ide reductase complex subunit 1 (VKORCI), according to
excellent articles reported by Aquilante et al* and Lee et al”
in this journal.

We have encountered a 69-year-old female patient (weight,
79.8 kg) with atrial fibrillation whose maintenance dose of
warfarin was quite low, 0.5 mg/d (international normalized
ratio {INR], 1.93; target INR, 1.5-2.0). For that reason, we
tried to analyze her genotypes and measure the plasma con-
centration of S- and R-warfarin by HPLC® after receiving
informed consent from her. Surprisingly, we found that she is
homozygous for CYP2C9*3 and for 3673A of VKORCI
(VKORCIA/A). In addition, the data of 14 patients were
further interpreted with regard to the relationship between the
maintenance dose of warfarin and their genotypes (Fig 1).
Four patients with VKORCIA/G and CYP2C9*1/*1 were
identified as taking the 4 highest doses among all patients,
consistent with several reports.’ The plasma concentration of
S-warfarin (286 ng/mL) in the patient with CYP2C9*3/%3
(VKORCIA/A) was rather high compared with that in patients
with CYP2C9*1/%1 and VKORCIA/A (mean [+ SD], 140 =
50 ng/mL; range, 96-257 ng/mL), although the dose (0.5
mg/d) and R-warfarin concentration (132 ng/mL) were the
lowest of the patients (mean, 451 * 127 ng/mL; range,
214-684 ng/mL). This study was approved by the institutional
ethical board of Osaka University, Osaka, Japan.

Patients with both CYP2C9%3/*3 and VKORCIA/A are
rare, especially among the white population, because
VKORCI1G/G is the major genotype in whife persons.
However, these patients should be treated carefully, be-
cause they are expected to require the lowest dose of
warfarin. So far, 2 cases have been reported concerning the
maintenance dose of warfarin in patients with
CYP2C9%3/%3 in a Japanese population. One patient re-
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Fig 1. Relationship between warfarin maintenance dose and
genotypes. Diamonds, CYP2C9%1/%1; circles, CYP2C9%3/+3.

ceived 0.4 mg/d of warfarin,® whereas in another patient,
identified from a sample of 828 Japanese patients, the
symptoms seemed to be controlled by 2.0 mg/d of warfa-
rin.* The maintenance dose of the second patient was
similar to the mean dose (2.0 mg/d) for patients with
CYP2C9%1/*%3 and VKORCIA/A. According to data in
white subjects,® those with CYP2C9*3/*3 required a much
lower dose (1.6 = 0.81 mg/d; n = 5) than those with
CYP2C9*1/*%3 (3.3 = 0.94 mg/d, n = 18), although most
patients probably have the VKORCIG/G genotype. This
result implies that the patient reported by Mushiroda et al*
may have received an overdose of warfarin or that this
patient’s treatment must have been influenced by other
factors leading to an increased requirement for warfarin, as
pointed out in the article by Aquilante et al.' Unfortu-
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nately, the medical condition of the patient, including
weight, INR, target INR, smoking status, and so on, was
not detailed in the article by Mushiroda et al. Although
they suggested that patients with CYP2C9*3/*3 and
CYP2C9*%1/*3 together with VKORCIA/A were classified
as “index 0,” for whom the recommended dose was 2.0
mg/d, the maintenance dose for patients with
CYP2C9*3/*%3 and VKORCIA/A might be around 0.5 mg/d
according to our observation, as well as the report by
Takahashi et al.®

In general, it is difficult to obtain reliable evidence for
phenotyping patients with a rare genotype; therefore these
data should be accumulated to comprise accurate evidence.
From this viewpoint, our observation may provide practical
information about the maintenance dose in patients with
CYP2C9%3/%3 and VKORCIA/A, who have a high potential
risk of bleeding as a result of warfarin overdose.
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P i i AN
BIZTFZRIEHRICEED (RGBS ERICR T T
~CYP2C19~
Mg ® T OAE R P OB HE B EY R WL KT
w M-

1. lZLoic
EOICEEOEAEZE & BYREBROEETFLE L
DEEFRMNE L OEYTHRFT I N TWw B, SHEI,
CYP2C 77 3 V—DHTCYP2CY & i A TEYIZ
N BHEIRE I N TS CYP2CI9 2 DT
3,

2. CYP2C19 MBIZTZE L RRE

CYP2C19 wBL CTid, RE*IB »H*21 £ TD
TULBEEINT WS (200652 H 28 HEH) Y,
ID5b, BEREN L OBENSHL MR o TwbiE
EFERT, BEATEERZDII*2 £*3 T, 7V
FEXEFNZENH30%, W10%THD, MHETHR
A® poor metabolizer (PM) DIZ L A ¥ EHEATS
3, BoFREEEA LTI —EL, *2B8LU73
REDTVIVEER X THE OE L homozygous
extensive metabolizer (homoEM), *2 $ L < I3*3
DWW TFhheAa T 3 HEE O heterozygous  exten-
sive metabolizer (heteroEM), 38 X U7 V23
2L THhYRH#OELPM D3I IZHT
53, HEATHE, CYP2CI BEREENETLT
W3 PM 349 20% T?, BREAWEANTPM OEE
PERCEL, BRNWCEETDH S,

CYP2C19 mEEEME LT, 7o bRy 7HE
# (proton pump inhibitor, PPI) RHA%EE (diaze-
pam) REBH SN T W3S, AT, BEFLE
D&% 5 TRER L U CoMMHEIREPIESR) L DR EDS
L{MEINTWS PPLIZOWTRAIZEY EiT 3,

3. PP1 OERERMR & CYP2C19 MBEEFZE
BAEHATEA X 4T v 3 PPl omeprazole
(OPZ), lansoprazole (LPZ) ¥ & UFrabeprazole

(RPZ) TH 5. »wiIhoRicd, CYP2C19 235
ELTwaH, ZOROZ V77 v 2T 35 CYP
QO FEHOFEEIIELR S, tLziE, Ihs 3E
D PPl #EER AW 8 HEEREE LK, M
1 B (pharmacokinetics, PK) & & N pH (phar-
macodynamics, PD) *izxfd % CYP2CI19 B+
%% O FE X, OPZ (20 mg) >LPZ (30 mg) >RPZ
(20 mg) DIETH 539, CYP2C19 BT HHINHE
MR THECOWTOHE R, UTClRY LW
3,

1) Helicobacter pylori (H. pylori) &

B, HEANVaNI I —ZEDHA P74 ik
%k, H pylovi REREDOE—FTIRIZ PPl L&Y
B2RIO3IKRERTH 39 NCBIWREHET 3
PubMed #FJf L, [proton pump inhibitor] [CYP
2C19] [pylori] ®F—9— N THWELZ. 203 b,
HANTOD H. pylori REWBT % & DT D 1998
EPEDOH DX 13HTHoT:, T o DR kR
THLEDE, DERBEUTCENCRZ EDERL
7z,

Table1-AWRT & oz, PPIEERAECL 2BH
LTI, H. pylovi DBEZRIC CYP2C19 EiETFH
PEET L LIMEIN TV B, PM 4R 0»igH
(AACBT 2 PM DEE : 3~5%) THLHEDEE
PEEINTWSY, HomoEM & heteroEM & 128
FARELRBEOBERO 1D LT PPIORERES
ZzoNh5, Tihbb, LPZ#2EHED 30 mgXx2[H
5 30mgX4EHEL TRET 3 &, homoEM
THEBRSWMB TSl SN2 I e8B/ESINT
WBY, B e, SHFRRETREICEKL
homoEM B & Uf heteroEM O HAEAABH oL T,
PPI 2E L CTHRER2EA &£ 25, 1XIZ100%D

Key words : CYP2C19, proton pump inhibitor, benzodiazepine, genetic polymorphism, individualized medicine
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Table1 H. pylori BOBREER L CYP2C19 BETH
A CYPCI9 BIEF SR ERBRIIFELBURIBEINLHR

w5 - ey | CYP2CI9 BRFRA OBRER -
(H. pylovi B EHM | homoEM  heteroEM ~ PM
HE - -+ i5EEE 2 ElgE: (OPZ 20 mg X 1/AMPC 500 mg X 4) . o o o
(B4 A n=62) 258 DB OPZ 20mgX1 4~6 38R 48 28.6% 60.0%  100% | ©
Bk« B 2 ¥lges: (OPZ 40 mg/AMPC 2 g) - 33.3%  30.0%  100%
(B&A n=21) 180 ' (3/9) (3/10) (2/2) 7
Bk - BB 3% (OPZ 40 mg/AMPC 2000 mg/CAM - 81.3%  94.7%  100%
(HERA n=44) 800 mg) 1R (13/16) (18/19) (4/4)
B 2 e (RPZ 10 mg X 2/AMPC 500 mg X 3) . 0 o o
(R A n=97) 2 s 48 | 60.6%  91.7%  93.8% | 8
s e 3 #lgEs: (OPZ 20 mg or LPZ 30 mgx2/AMPC
Eﬁff}\ Ji;g‘;‘)’%ﬁ% B2 | 500 mgx3/CAM 200 mgx3) 138 4B | 72.9%  92.1%  97.8% | 9
= D% OPZ 20 mg or LPZ 30 mgXx1 5~7 &
Bk - B 2 KlgEE: (OPZ 20 mg x2/AMPC 500 mg X 4) 40.0%  41.7%  100%
(BZA n=26) 138 A | W1 (5/12)  (4/4) 0
B - BIE 3#EE (OPZ 20 mgX2/AMPC 500 mgX4/ Dl 75.0% 88.5% 100%
(B4 A n=57) CAM 200 mg X 4) 1 3EF (15/20)  (23/26) (11/11)
ERBERE (PRS- B0 | 4FiEE (LPZ 30 mgX2/AMPC 1gX2/CAM | 4~12 | = . o/ w1nno
(EA n=13D) 250 mg X 2/MNZ 400 mgx2) 5 R g | 06 TTEE TI00% 1D

OPZ : omeprazole, RPZ : rabeprazole, LPZ : lansoprazole,

AMPC : amoxicillin, CAM : clarithromycin, MNZ . metronidazole

®CYP2C9*2 O HYE

BEENE S LIRESI N T WS (Table2) 891214,
HeteroEM THERE R 25% L EETH > I E?
X, OPZ OFEMMMOHE LKL THBw Il &
—HWHTH5, BEAZRNRE LR TY, BREKK
BEILEHEOOPZ (40mgXx4) & amoxicil-
lin (AMPC/750 mgX4) T2HBEEEEZToIL &
DORRERIZ 83.8% T, 2 Bl FHBEEDOFEHNZIRER
EIVBOUHMESE SN TV BEY, KRETE, BET
HRIFFRSN TRV, REKATOPM OHE
PEEYTLE, RIEODBENEM THo /- AlREMD
W, kB, BHERSEOEWERICEL T, B
HBET2 iz TEhwbon, BRATIERMEE
ERTEWEWDS, BAOREITRTH, BX, B
BB E LN ERENTWS,

—7%, H. pylovi DREERICK % CYP2C19 &l
FEHEOBEERHLTRRVWETIHRELDH S
(Table 1-B)¢~*®, % 7z, homoEM O BKRE T, B
BAERPZ%2 & 2F % (RPZ20mgx2/AMPC
1,000 mg X2 : 238/) R2RAWREETH, REEN
HeOnice YEol bt wIMEL DS, ZO0HE
it L ¢ Furuta 5%, homoEM ORBE X &5

EHLEZEL, FAU [RPZ 1HE40mgl TH, 1 H
2EE LD 1 H4E (10mgXxd) BEDIZINVE
SHENE N L RHEL, RERTYVA v OERTIER
LTw3, %, RPZAHRKICEBREFRIZNT S
CYP2CLO DB SR/ NE Al EHENS
(Table 1-Bi7~182122) = h i%, RPZO R F~ D
CYP2C19 0EEBMENI L XL B bDEEZ O,
BN pH it 33181k CYP2C19 BEFHEMT
HERER oI EDOHEL—BT 3%, Lok
352, H. pylori RHE X3 % CYP2C19 ERF£H
DEZBIOVWTIIHSOI TRV DR IS, L
HL, oL TRWETIMETH EM OREFIX
0%HIERTH VERFR+HTHS I L, PPIFERE
I BBRERO®E (Table2) BH 3 L b,
EMiZtLC 2 fEEEEET s, EMIEE
W BIBESRD LR T 2 AREEL R V.,

%7z, CYP2CI9 BEFHBELNORBERICHET
PEFELT, H plriBOREYEWREOR
FEo19202003 35 2, FIEIBRERAEREF OMEE O FRE I,
clarithromycin DELEPERE L CET NS, £
DE D, BUEE CIRBREERMEL BoTB D™, JEB
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Tablel (D7J%)
B: CYP2CI9 BIEF SR L BERCHEERLVBRABES A TVE VR
. X s gy | CYP2CI19 R FEF ORER - £ R
(H. pylovi ) ERNH | homoEM heteroEM PM
‘ _ i 89.3%
HIEEE - JERENENEET R | 3#IFE (OPZ 20 mgx2/AMPC 500 mgX3/| 4~8 - 16
(B&A n=150) CAM 200 mgx2) 138 @ | AR CREFSEMCERRTL L
H5H, B-FHROBRBEROTHE L
= 3AIFEE (RPZ 10mgx1 or 10mgXx2 or 20
CHAA n=92) mg X 2/AMPC 750 mg X 2/CAM 200 mg X 2) 658 86.5% 76.9% | 17)
1:8% O RPZ 10mg 78
WAL Z?ffso((? :éxg;) ?%Fg RPZ 10megx2/| | o | 72.4% 72.3% 8% | o
= 3 0, 0, G,
(BFAn=174) ——— i (85.0%) [87.5%] [100%]
N gt . 3 #IFEr: (LPZ 30 mg X2 or RPZ 10 mgXx2 or .
Wbﬁ@% "R RPZ 20 mgX2/AMPC 1000 mgx2/CAM 400 4 - 88.6% 88.9% 77.3% | 19)
(A& A n=138) N LI
mgXx2) 18
O - JEEEHMET R | SHIFfEE (LPZ 30 mgX2/AMPC 750 mgx2/ | 4~8
ot CAM 200 mgx2) 1M 5 76.2% 78.6% 91.7% | 20)
73.3% 86.1% 85.0%
=73 3KE: (OPZ 20mg or RPZ 20mgx2/ o .
(B A n=164) AMPC 750 mgx2/CAM 400 mgx2) 1:8pg | > 775 | 81-0% 82.9% 87.5% |2
EEY:OPZ TFEY:RPZ
SHIEE (LPZ 30 mgX2 or RPZ 10mgx2/ 73% 74% 83%
M E AMPC 750 mg X 2/CAM 400 mgx2) 1 6 87% 81% 60% %)
(H&E A n=173) ?% LPZ 30 min or RPZ 10 mgx1 REE:LPZ FEE:RPZ
4R (—HOB) SWOWE LPZ CIRASD
76.2% 88.9% 90.0%
90.0% 89.7% 88.9%
AL 3 FiE (OPZ 20 mg or LPZ 30 mg or RPZ 10 b 62.5% 87.1% 87.5%
X 2/AMPC X3/CAM 2 3
(BAA n=116) ﬁéﬁ/ 500 mgx3/CAM 200meX) | o o Op7 ki LPZ TEIRPZ | L)
LMoY OPZIEEDY
RPZEEZESHD
WBEEIESS LPZ>RPZ & % b 5Bk 1k

OPZ : omeprazole, RPZ : rabeprazole, LPZ : lansoprazole,
AMPC : amoxicillin, CAM : clarithromycin

fEE T CYP2C19 BETFLZHOEENR NIz L v
SEREDY 2, BUEIC L B BBAWMOELR EHBR
BRICEEL TR ELEZLONDE, ThOoDE
H»s, CYP2C19 BEFLEOREZICNT 5580
oL TREWETIHRED—FHIc 2> T B FEE

BhH5, &6k, EBRSWMIMEICEFET 2 IL-18°
YRR I b 5 MDR1 OBEFHEIMSEEL T
W3 EWIHEY HY, CYP2CI9 BEFHEH
A TINEDOETFIZDOWT bSEBRN T 5 L8
H53,

2) HFERER

PPIi, ¥ REEAERABLUVERENRIE
(GERD) i b v o3, GERD OiREXE
W33 CYP2C19 BRFHBORZECEL TR
RIZHPNTEY, BETE EWLIHFEPDLFEL
BWWEWSIRENRDH S, H pylori &M DORBERA
EXHRIZ RPZ & & 2 HHEBERS W OIS 2HET L 7
AT E, homoEM & heteroEM O +&, GERD
DEBEWLEE N5 EW pH 4 RER 16. 7% LT
BPERT DR, ROBRSEETERTSTHY, B
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Table2 H. pylori BiRERE L CYP2CI9 #BZFEE
%% HREO L DM IR
53 'z L
IREERML T b & DI BEWR PPI+ AMPC it & % 2 FlfitE e
3 EIRRE R
@ LPZ 30 mgx2+CAM 200 mgx3
MP X ;
AMPC 500 mgx3 1M homoEM OPZ 40 mgx3, AMPC 750 mgX3 100%
@ LPZ 30 mgx2+CAM 200 mgx4 CAM Tt o 38R (1580 12)
+AMPC 500 mgx4 13ER =
® LPZ 30 mg X2+ minocycline 200 mgx2
+cefaclor 250 mgx3 2 3EMH
RPZ 10 mg X2+ AMPC 500 mg X3 homoEM (n=10) RPZ 10 mgx4 AMPC 500 mg X4 100% 8)
2 18R heteroEM (n=2) 2 R (12/12)
OPZ 20 mg or LPZ 30 mg X2 homoEM (n=24) LPZ 30 mgX4 AMPC 500 mgXx4
AMPC 500 mg X3 heteroEM (n=7) | 2384 96.9% )
CAM 200 mgx3 3 LPZ 30 mgx2 AMPC 500 mg X4 (31/32)
OPZ 40 mg+AMPC 1500 mg
+CAM 800 mg or LPZ 60 mg homoEM (n=12) RPZ 10 mgx4 AMPC 500 mgX4 100% 13)
or RPZ 20 mg-+AMPC 1500 mg heteroEM (n=5) | 28R a7/1n
+CAM 600mg 138M
CAM & MNZ o
it % b OPZ 120 mg/day (for homoEM) 10026
PPI-+AMPC+CAM* homoEM (n=2) or OPZ 40 mg/day (for heteroEM) (2/2) "
5~14 HH AMPC 1000 mg X 2/day 2%
. 5
heteroEM (n=4) 28 a /:)

OPZ : omeprazole, RPZ : rabeprazole, LPZ : lansoprazole,

AMPC : amoxicillin, CAM : clarithromycin, MNZ : metronidazole

RERLYT R L

BB I UDERENESTHL L LTS, ZOHE
¥, RPZ % PM 2 i 20 mg/day, heteroEM iZ 1%
20 mg X 2/day % 7z 10 mg X 4/day, homoEM iZ i
10 mgx4/day #5732 Z L BRI N TV,

PPI DEIfERI CEER b DD nds, BEES
Ef S dimEaER s 5 OPZ 5 &
D, homoEM & Lhi#g L T heteroEM % PM i, I
BAAMN) VEBEOLR, BLXUMBELESY 32 B0
B BIRESINI N T WS, BWEDLI S, Zibd
DEELE L BN ZEIER L OBEERHRESN T
Wiz, UL, BHESOZRERBEELICHD
BIEROREA L 2 2WREDBEETE R WY,
heteroEM ® PM TORBRE TR EEESHET
LZONEE LW,

3) /MRIZE(TS PPLEROER

PPIR/NRECBWTHEELREE/RTH S5, H
RTNREHT 2BEZEFINTORY, —7,
EA TR/ EXRRE LIBREWMThbhTE Y, XKE

T LPZ, BN OPZ W/NBHEICEEIEL TWw5, /N
BB B CYP2C19 BETLHOBEEZMET LT
bDOELTIE, TNETIZ2 DOEHESINH B, »
THOWNTH CYP2CI9 ® PM Tid, EM I thig
L ¢ PPI (OPZ%** % 7z X pantoprazole®®) o Il 418
B TEED 6~11 fS8mL w3, L»L, PMOA
BBFNEN1IAB IV ALERZDRID, T
noOBRHALTTCEORERERTISI TR L
v, AARTIE, NET CYP2CI9 BRFHE S HE
LERBRIIE7PEREINTEST, PMOHZWEKRT
ORFNEEN S, BHE51Z, KR IETFRERS
EEYx >y —TOME 2B L7 (ClinicalTrials.
gov Identifier : NCT 00299845),

HATIE PPLI/NRICBWT b H pylori REREE
BLUBREEEBRIC T 2FIRBEFERLTDS
NTB VO, H pylori RERESCEL UNREOS
4 RS A4VOBEREINTOWBERETH 2, /MNEH
LT% PPl 2455 31z, CYP2CI9 BzF4H
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Table3 > V'Y7¥ErREYT B CYPCIY BEFEROEE
CYP2C19 BiEF&HEOHE
PK 5 2 —% (EM &34 3% PM DLb)
&Y N BRERRY % R
SREA Lk ) PD
R
CL Tz AUC
Diaze- | f#EERZA - HA (n=16) 0478 2245 CL 0.45{% | - phenotyping (mephenytoin) )
pam | 10mg BEREORS chmes Tus 2.21%
HERA - EA (h=17) « phenotyping (mephenytoin)
8mg HEIZECIRS . Ty 2.2f% ATz A oREEEE TSR] O
0.55f% 1.5€% 1.8f% AUC 1.9 Tus CLAEES D 43)
cT3R) & TR @ T A08bY
R A« FEA (n=16) WREE (7 AR + phenotyping (mephenytoin)
S5mg HEEORE EEL ElL 1.3~2.9 1% — | s A IZEROWTER 44)
Tuz 1.4 ﬁf:::
HHEEA - PEA (h=18) Ty, 1.84% | - genotyping (*2 D %)
5mg BEEORS 01468 4.28% 6185\ \ijc g ag . CYP2C19%2/*2 & Dbl 4
BEREEA - HRA (n=15) « phenotyping (mephenytoin)
0.1mg/kg HEIRIRE: S 0.52€% 1.64% 1.81% | AUC 1.41% — | -OPZizXh EM T 3] @ PK /| 46)
I x— 5% (PM TRZELZL)
BEERLA - HEA (n=13) ” i » genotyping (*2,*3)
amg BEECEE 0.654 1.7/ 1.4f%|AUC 1.41% X 47)
Fluni- | A « BA/HEA/M 2o R#P O + genotyping (*2,*3)/phenotyp-
traze- | (n=16) #L | AUC L OPZ k@ | — | ing (OPZ) 48)
pam o MEEORS BEZHBRE S D * CYP2C19 DF L& i minor & #55H
Quaze-| BEHA - HEA (0=20) Crax 9 44 Coox E&L w | *genotyping (*2,*3) 49)
pam | 20mg BEREOKS 2.8 % O AUC =Rl BHEOHELAONT VR
Cloba- | B3 « H&EA (n=16) C 8.2 & - genotyping (*2,*3)
zam | 0,28 mg/kg/day N «CYPAAEEREAOD 3G AE
(EM 0 : smmcEsL) | O EEL fk gene dose| & | ¢, b g aROMEMET |
4L LR R T TIEOREDY

PK (GEYEEE)-CL: 2075 R Tyt 358 AUC: MPRETEM C. @ EHRBITRE K REEME R AHYD

OPZ : omeprazole

PD (¥H5%) {ER~OFH-— BB L X : CYP2CI9 4ROFEZL A PM CEWEH 1PEREH Y
“gene dose effect ! BEET7 VNV OFEEFHEBLWIZEHETFEHOBENIRE (22 L

DEELPEEBTLEILR, IVEACEDERLG%
ARl TBLEEZILN, TORDOIET Y ADOHEL
BHETH B,

3, RS STHEREY~D CYP2C19 BIEF
SRINDEE
CYP2C19 BEFEBENVY YT EEVREY &
DEFE S WL O EIN T 3B, Diazepam T
BIRET I, BERAZNRIC L BERSORRIB
WT, RERE L IBEETFHRCESWIEITELT
PKX5 X —% BHEBE L7z b DTH% (Table 3)4~%9,
MEWIVETFEL D, BEFLHMTPK /NS
A—FREZRD LI BEABEDOLN TS, TRb
b, EMiZthU PM T, REBFEDOZ V7T R

PMETL, FREOELRESL AUC Ogns o 3,
F7, REMWO AUCHPM TIEEM D 1.4~2.4 %
wEiLTwaZ eds, K@ CYP2C19 0RE
ThHHIEBNREEING, Z0M, ANEELXODWTE
ELTw3EED H 545, Diazepam iZiGEES
BHLWENE INTVWER, ChETrRBIATY
LEBEREBRATOHEEREC LR TH S, E
BMOBETDOPDIEEANDOEERHOLICT S0
W, BEERNRE LR OEREVLEE NS,
Diazepam UADOR V' 7 XY VREYIIZDWT
FTable3 i &/, WFNROEYH REMLESR
FUOREY I EEESEEET 5, PK AT A= i
CYP2C19 BEFLHEOFENR 5N B2, PDAD
HEWEL TR, BEFSHOBERHS MR LT
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Wi,

Z DIE», cyclophosphamide @ {5 12 CYP2C19
BEELTWSE WIS RRE2NDH Y, SHBOWH
EMnFnD,

4, £ 2 8

CYP2C 7 7 2 V —ORBIWEE T 2 Y DF T,
BEFLSHEERICE TV AFMLIERERICR A
DlE, SEED BT H pylovi REREICBT 5
PPITH 3, BENHREBED CYP2CI9 BIEFHE
2HOLUDHEL, BETHEC X - THEREE
BT 5 LW S FuRRT T 4 TR TR
Bt T8V, BEFLHCETIEGHEOME
RETHhE—HBLVLIBETH S,

—F, VTP CREYCEL TR, BET
%R D PD NOEERPBRE BT 2 REEPENER £
DR s T 5T, BREATRSHEFIOKRE
ErwmTsBETERY, PPIO/MNREHT 26H
R, RV TXELREYE CYP2CI9 BIEFH
HroffeELTlE, TEFYABRT+HITHYS
BOWMNHETH 2.
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Determination of Single Nucleotide Polymorphisms in
N-Acetyltransferase2 Gene Using an Electrochemical
DNA Chip and an Automated DNA Detection System

Naoko NAKAMURA*1, Keiko ITO*2, Sadato HONGO*3, Kousi HASHIMOTO*4,
Miyuki FURUTSUKA*5, Ryuuji KUBOTA*S, Tsuyoshi FUKUDA*7, Masako OHNO*3,
Junichi AZUMA™*® and Nobuhivo GEMMA*10

An electrochemical DNA chip using an electrochemically active intercalator and DNA probe immobilized on
a gold electrode has been developed for genetic analysis. In this study, N-acetyltransferase2 (NAT2) gene
polymorphisms (C481T G590A G857A) were determined by the electrochemical DNA chip and the auto-
mated DNA detection system that performs hybridization reaction, washing, detection, and data analysis.
Human genomic DNAs were extracted from blood and DNA fragments containing the three polymorphisms
were amplified by the polymerase chain reaction (PCR) method. Double-stranded PCR products were
treated with T7 exonuclease and single-stranded target DNAs were obtained. A sample containing the sin-
gle-stranded target DNAs was injected into a cassette including the electrochemical DNA chip and set in an
automated system. The turnaround time for genotyping with this system was 90 min. A total of 38 sam-
ples were automatically genotyped by an SNP determination algorithm. The results of genotype were com-
pletely consistent with those determined by the polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) analysis. Consequently, this method requires no labeling step and has the advan-
tage of realizing a compact and automatic system, and so the system is expected to contribute to personalized

medicine based on genotype.
[Rinsho Byori 55 : 216~223, 2007]

[Key Words] electrochemical DNA chip, automated DNA detection system, single nucleotide polymorphisms,
N-acetyltransferase2

I. Introduction

Among several types of genetic variation, single nucleotide polymorphisms (SNPs) are the most important
and basic form of variation in the genome. They are responsible for individual differences in disease suscep-
tibility and drug response. If an individual’s genomic information is identified in advance of drug treatment,
safe and effective treatment, so-called “personalized medicine,” is achieved.

A DNA chip, a device in which DNA probes are located with high density on glass or silicon, is widely used
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a Target DNA (3) Hoechst33258 | (4)

Figure 1 Principal of electrochemical DNA chip.
(1) Immobilized DNA probe on the gold electrode
(2) Hybridization and washing of target DNA
(3) Adding the electrochemically active intercalator, Hoechst 33258
(4) Detecting an anodic current by electrochemical measurement

for gene expression and SNP analysis. In regard to the DNA chip, fluorescence-based detection methods
such as those applied by Affimetrix Inc. are the most general”~®. However, these methods need compli-
cated fluorochrome labeling and expensive fluorescence analysis equipment. Therefore, the use of the
methods is limited to research work in laboratories. In order to solve such problems, some electrochemical-
based detection methods have been reported?™®. Among these methods, we have been developing those
using the electrochemically active intercalator, Hoechst 33258 (Fig. 1)9'”, and have reported DNA chips for
determination of SNPs in MxA and MBL gene associated with the efficacy of interferon therapy for Hepatitis
C patient!? and SNPs in MDR1 gene that encode the drug transport protein™®.

The electrochemical DNA detection method is advantageous for realizing an automated system, because
the reaction part and the detection part are unified and simple. Moreover, large and expensive signal trans-
duction equipment is unnecessary. Exploiting these advantages, we have developed a small detection sys-
tem that automatically performs the process after hybridization. In this study, we have demonstrated the
feasibility of this automated system by performing accurate genotyping of NAT2 C481T, G590A, and G857A
polymorphisms, which relate to the hepatotoxicity of anti-tuberculous drug, isoniazid™¥.

II. Materials and Methods

A. Human genomic DNA

Human genomic DNAs were purchased from Coriell Cell Repositories (Camden, NJ, USA) and were used
for determination of genotyping condition by the DNA chip. Peripheral blood was drawn from 38 tuberculo-
sis patients into EDTA-containing tube, and genomic DNA was extracted from whole blood using QIAamp
DNA blood kit (QIAGEN, Hilden, Germany). All of the ‘genomic DNAs were genotyped by PCR-RFLP
analysis in order to confirm the accuracy of the DNA chip.
B. Preparation of a target sample

The enzyme activity of NAT2 in Japanese is mostly predicted by determination of NAT2*4, NAT2 *5,
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NAT2%6, NAT2*7'*¥*¥ In this study, we detect the polymorphisms of C481T, G590A and G857A for these
alleles determination'®. G590A and G857A were designed to be located on the same fragment of PCR prod-
uct. The target for C481T and the target for G590A and G857A were coamplified simultaneously in a single-
tube according to the reaction condition shown in Tablel(1). Amplification of the PCR products was
checked by electrophoresis (Fig. 2(2)). These PCR products were treated with T7 gene6 exonuclease
(USB, Cleveland, USA) and the single-stranded target DNA samples were obtained to increase hybridization
efficiency between probes and target DNAs. A technique for preparing single-stranded target DNAs has
been described previously'®. The protocol of target DNA preparation is shown in Fig. 2(1).

C. PCR-RFLP conditions

PCR was performed under the reaction conditions shown in Table 1(1). The restriction enzymes used
for RFLP and the digested patterns are shown in Table 1(2). The results of PCR-RFLP analysis for three
polymorphisms are shown in Fig. 3.

D. Preparation of the DNA chip

The DNA chip substrates used in this study were prepared as described previously’®. The substrate con-
sists of 40 working electrodes (200,m diameter), a reference electrode, and a counter electrode. Oligonu-
cleotide probes with a thiol group at the 5' or 3’ end were obtained as custom synthesis products from
Greiner Japan (Tokyo, Japan). Each working electrode was spotted with 0.1x1 of the probe solution contain-
ing the 40.g/ml oligonucleotide probe and 400mmol/l sodium chloride by use of a spotter (Microsys™ 4100
manufactured by Cartesian Technology, Irvine, CA, USA). The DNA chip was covered with a reaction
chamber (501, Grace Bio-Labs, Bend, OR, USA) to prevent drying and kept for 1h at room temperature.
After washing with distilled water, the chip was stored at 4°C.

E. Genotyping by the automated detection system

Fig. 4 shows the DNA chip cassette including the probe-immobilized DNA chip substrate and the auto-
mated detection system. The system consists of a temperature control part, an electrochemical analyzing
part and a reagent sending part. After setting a cassette with a sample, hybridization reaction, washing and
electrochemical detection are performed automatically. Specially designed software for SNP analysis is in-
stalled on a computer connected to the system and SNPs are automatically genotyped using voltammetric
results. The process operated in the system is described below.

4541 of 2XSSC solution (300mmol/l sodium chloride, 30mmol/l sodium citrate) containing the single-
stranded target DNAs was reacted with DNA probes on the electrodes. The hybridization reaction was car-
ried out at 35°C for 40 min. After the reaction, the chip was washed at 35°C for 40 min with 0.2 XSSC to
remove non-specific hybridized DNA. The chip was reacted with phosphate buffer (20mmol/l, pH7.0) con-
taining 504mol/l Hoechst 33258 (Wako Pure Chemicals, Osaka, Japan) and 100mmol/l sodium chloride at
25°C for 10 min. Then, the anodic current derived from Hoechst 33258 was measured by linear sweep volt-
ammetry. Anodic peak current (/pa) values were measured from the voltammogram of Hoechst 33258.

III. Results

In order to carry out simultaneous genotyping of the NAT2 3SNPs, two types of probes, wild type and mu-
tant type were prepared for each polymorphism. The sequences of 6 probes for polymorphisms and 2
probes for control are shown in Table 1(3). Fig. 5(A) shows voltammograms for G590A polymorphisms
with the automated system. The 590-G probe, the 590-A probe, and the 5'SH control probe were immobi-
lized on separate electrodes. The target DNA amplified from genomic DNA (590G/G, 590A/A or 590G/A)
was reacted with these probes, respectively. The Ipa values on the 590-G probe, the 590-A probe, and the
5'SH control probe for target 590G/G were (a)41nA, (b)22nA, and (c)20nA, respectively. In the case of
target 590A/A and target 590G/A, the Ipa values on the 590-G probe, the 590-A probe, and the 5'SH control
probe were (d)24nA, (e)49nA, (f)20nA, and (g)34nA, (h)37nA, (i) 17nA, respectively. A signal-to-noise
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