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Abstract

Metabolic activities toward endogenous substrates in the brain, progesterone and p-tyramine, by cytochrome P450 2D6.2 (CYP2D6.2),
CYP2D6.10A, CYP2D6.10C, and P348S, G42R, R296C, and S486T mutants expressed in recombinant Saccharomyces cerevisine were
compared with those by CYP2D6.1 (wild-type) in order to clarify the effects of genetic polymorphism of CYP2D6 on the metabolism of
neuroactive steroids and amines in the brain. For the 6p-hydroxylation of progesterone, the ¥ a4 values for CYP2D6.2, CYP2D6.10A, and
the P34S and G42R mutants, were less than half of those for CYP2D6.1, and CYP2D6.10C had a higher K, and a lower ¥, than the wild-
type. The Vpme/Km values for CYP2D6.10A, CYP2D6.10C, and the P34S and G42R mutants were 12-31% of that for CYP2D6. The 16a-
hydroxylation and 21-hydroxylation of progesterone by CYP2D6.10A, CYP2D6.10C, and the P34S and G42R mutants were not detected,
and the R296C mutant had a higher K, for the 16a-hydroxylation and a lower V. for the 21-hydroxylation than those for CYP2D6.1. For
dopamine formation from p-tyramine, the X, values for CYP2D6.2 and the R296C mmutant were higher than those for CYP2D6.1,
CYP2D6.10A, and CYP2D6.10C had a higher K, and a lower Vo4 than the wild-type. The V,.,/Ky,, values for CYP2D6.2, CYP2D6.10A,
CYP2D6.10C and the P34S, G42R and R296C mutants were less than 45% of those for the wild-type. These results suggest the possibility
that the polymorphism of CYP2D6, including CYP2D6*2, CYP2D6*10 and CYP2D6*12, might affect an individual bebavior and the central
nervous system through endogenous compounds, such as neuroactive steroids and tyramine, in the brain,
© 2004 Elsevier B.V. All rights reserved.

Theme: Other systems of the CNS
Topic: Brain metabolism and blood flow

Keywords: CYP2D6; Progesterone hydroxylation; Dopamine formation from p-tyramine; Human brain; Polymorphism

1. Introduction variety of xenobiotic chemicals including drugs, carcino-
gens, and steroids [10,12,35]. In spite of the fact that

Cytochrome P450s (P450 or CYP) comprise a super- CYP2D6 constitutes only 2-9% of constitutively expressed
family of enzymes that catalyze the oxidation of a wide hepatic P450s among humans [17,36], it plays important
roles in the metabolism of a wide range of therapeutic

—_— agents including drugs affecting the central nervous s
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product from CYP2D4, the predominant CYP2D isoform in
rat brain, is more abundant in cerebellum, striatum, pons,
and medulla oblongata [21]. However, the physiological and
pharmacological functions of CYP2D isoforms in the brain
are still unknown.

Progesterone not only is one of the female steroid
hormones secreted from the placenta and corpus luteum
but also has various functions in the central nervous system
as a neurosteroid in the brain [2,19]. For example,
progesterone has the ability to increase myelin-specific
protein levels and to enhance y-aminobutyric acid (GABA)-
induced chloride cwrent [19,39], and the progesterone
metabolites, 3a-hydroxy-5a-pregnan-20-one (allopregnano-
lone) and 3a,5a-tetrahydrodeoxycorticosterone, act as
positive allosteric modulators of GABA type A receptors,
and thereby reduce brain excitability and elicit sedative-
hypnotic, anxiolytic, and anticonvulsant effects [32].
Recently, we have shown that CYP2D6 catalyzes the 23-,
6@-, 16a-, and 21-hydroxylation of progesterone [15,29],
and that progesterone 2p- and 21-hydroxylation activities in
rat brain microsomes are completely inhibited by CYP2D
antibodies, suggesting that CYP2D may be involved in the
regulation (metabolism and/or synthesis) of endogenous
neuroactive steroids, such as progesterone and its deriva-
tives, in the brain [15]. Additionally, we have reported that
the 21-hydroxylation of allopregnanolone as well as
progesterone and 17a-progesterone is catalyzed by CYP2D
isoforms in the brain [9,20].

Tyramine is not only an exogenous compound, which is
found in fermented foods such as cheese and wine, but also
an endogenous compound, which exists in the brain.
Tyramine is especially present in the basal ganglia or limbic
gystems, which are thought to be related to an individual
behavior and emotion [33], and dopamine is a neuro-
transmitter and a precursor of norepinephrine and epinephr-
ine [14]. Previous studies conducted in this laboratory
demonstrated that dopamine is formed from p-tyramine as
well as m-tyramine by CYP2D6 [14].

CYP2D6 is one of the most extensively characterized
polymorphic drug-metabolizing enzymes; the CYP2D6
gene is highly polymorphic, with more than 70 allelic
variants [4,6,26]. Interestingly, it has been shown that
CYP2D6 polymorphism has some relationship with an
individual behavior [3,24]. Five to ten percent of Caucasians
[1] and less than 1% of Japanese and Chinese [16] lack in
vivo metabolic activity toward CYP2D6 substrates esti-
mated by use of the urinary metabolic ratio, and are referred
to as poor metabolizers. The CYP2D6*%12 allele, which is
associated with a deficient activity and consequently with
the poor metabolizer phenotype, carries three functional
mutations, G42R, R296C, and S486T [6,26]. On the other
hand, in spite of the very low prevalence of CYP2D6 poor
metabolizers in Asians, these groups display less CYP2D6
activity, and this has been attributed to the high frequency of
the CYP2D6.10 enzyme [40]. That is, the CYP2D6*10
allele, including both CYP2D6*104 and CYP2D6*10B

variants, is widely observed in Japanese (31-38%) [22,28]
and Chinese (51%) [18], and has iwo amino acid
substitutions, P34S and S486T [6,26]. Additionally,
CYP2D6*10C has the gene conversion in exon 9 derived
from CYP2D7 and has 13 base substitutions more than
CYP2D6*10B [18]. Fukuda et al. [8] reported that the K,
values of CYP2D6.10A and CYP2D6.10C for bufuralol 17 -
hydroxylation and venlafaxine O-demethylation were
higher than those of CYP2D6.1, and Tsuzuki et al. [37]
reported that the substitution G42R increased the K, and
decreased the V., for debrisoquine 4-hydroxylation,
whereas it increased both V.« and K, for bunitrolol 4-
hydroxylation. Recent studies have shown that CYP2D6.10A
had a higher K, and/or a lower V. than CYP2Dé6.1 for
various exogenous substrates, including dextromethorphan,
methamphetamine, and amitriptyline [34]. On the other
hand, it has been reported that the R296C and S486T
substitution (CYP2D6.2) affected only minimally the
metabolim of dextromethorphan, bufuralol, and debriso-
quine [25]. Furthermore, a number of investigators have
proposed the key residues of CYP2D6 for exogenous
substrates containing a basic nitrogen [7,13,38]. However,
the key residues of CYP2D6 for the metabolism of other
substrates, including the endogenous chemicals, which exist
in the brain, and non-nitrogen containing compounds, are
still unknown.

The present study was designed to elucidate the effects of
CYP2D6 polymorphism, especially P34S, G42R, R296C,
and S486T substitutions such as CYP2D6.2, CYP2D6.10A,
and CYP2D6.10C, on CYP2D6 activities toward endoge-
nous substrates in the brain, progesterone and p-tyramine.

2. Materials and Methods
2.1. Materials

Progesterone and 16a- and 21-hydroxyprogesterone were
obtained from Sigma-Aldrich (St. Louis, MO, USA). 6p3-
Hydroxyprogesterone, dopamine hydrochloride, and
NADPH were purchased from Steraloids (Newport, RI,
USA), Research Biochemicals International (Natick, MA,
USA), and Oriental Yeast (Tokyo, Japan), respectively. p-
Tyramine and other reagents and organic solvents were
obtained from Wako Pure Chemical Industries (Osaka, Japan).

2.2, Microsomal fraction specifically expressing human
P450

Cloning of human CYP2D6 c¢DNA, site-directed muta-
genesis, the expression of mutated cDNA in recombinant
Saccharomyces cerevisine and the preparation of micro-
somal fractions from the cells were carried out according to
methods described previously [8,37]. With these methods,
we prepared CYP2D6.2 (R296C/S486T), CYP2D6.10A
(P34S/8486T), CYP2D6.10C, and four mutant proteins
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with single amino acid substitutions of P34S, G42R, 2 %’
R296C, and S486T. - E
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2.3. Assay of progesterone hydroxylase activity \EE 9 E Lo E‘ E' -g,
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method described previously [15] with a minor modifica- e 9
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Fig. 1. Ratio of V,pe/Kr for the metabolism of progesterone and p-tyramine by CYP2D6 variants. Ratios of ¥ ,/K s for 6p-hydroxylation (shaded column),
16a-hydroxylation (open column), 21-hydroxylation (striped column) of progesterone and dopamine formation from p-tyramine (closed column) were
calculated by dividing the Via/Kpy for the variant by that for CYP2D6.1. *The 16a-hydroxylated and 21-hydroxylated metabolites for CYP2D6.10A,
CYP2D6.10C and the P34S and G42R mutants were not detected (less than 0.02 nmol/min/nmol P450) even using 500 M progesterone.

phate, 60 mM citric acid, 150 mM disodium EDTA, 10 mM
dibutylamine, and 6 mM sodium 1-octanesulfonate.

2.5. Data analysis

In preliminary experiments, the linearity of the reaction
with the protein concentration and incubation time was
confirmed for each set of assay conditions. All data were
" analyzed using the mean of duplicate determinations. Py
and K, values for progesterone hydroxylation and dop-
amine formation from p-tyramine were determined by
fitting to Michaelis-Menten kinetics by nonlinear regression
analysis (Microcal Origin, version 5.0J, Origin LabCorp,
Northamptom, MA, USA).

3. Results

3.1. Progesterone hydroxylation by CYP2D6 and its
variants

Kinetic pararheters for progesterone hydroxylase activ-
ities of CYP2D6 and its variants are summarized in Table 1.

Table 2

The Vgax value of CYP2D6.1 was highest for the 6p-
hydroxylation followed by 21-hydroxylation and 16c-
hydroxylation, whereas there were no marked differences
between the K, values for the three reactions. Although
the K, values for the 6R-hydroxylation by the CYP2D6
variants except for CYP2D6.10C were similar fo those of
CYP2D6.1, the Viax values for CYP2D6.2, CYP2D6.10A,
and the P34S and G42R mutants, were less than half of
those for CYP2D6.1. CYP2D6.10C had a higher K, and
a lower V. than CYP2D6.1, whereas the V., values as
well as the K, values for the R296C and S486T mutants
were similar to those for the wild-type. The Viax/Kwm
values for CYP2D6.10A, CYP2D6.10C, and the P34S
and G42R mutants were 12-31% of that for CYP2D6.1
(Fig. 1).

The 16a-hydroxylated and 21-hydroxylated metabolites
for CYP2D6.10A, CYP2D6.10C, and the P34S and
G42R mutants were not detected (less than 0.02 amol/
min/nmol P450) even using 500 pM progesterone. In
addition, the K, value for the 16a-hydroxylation and the
Viax value for the 21-hydroxylation by the R296C
mutant were 333% and 45%, respectively, of those for
CYP2D6.1.

Kinetic parameters for the dopamine formation from p-tyramine by CYP2D6 and its variants

P450 K (mM) Vmax (nmol/min/nmol P450) Veinad K (W/min/nmol P450)
CYP2D6.1 0.1340.02 8.0+0.3 61+9

CYP2D6.2 (R296C/S486T) 0.33+0.07 4.5+0.3 14+£3

CYP2D6.10A (P345/5486T) 1.0+04 1.1£0.2 1.1+0.5

CYP2D6.10C 16.2+0.5 39401 0.24+0.01

P348 0.91+0.13 25.0+1.6 2714

G42R 1,603 26402 1.6+0.4

R296C 0.281+0.01 5.940.1 21+1

S486T 0.21£0.05 7.44+0.5 35+8

p-Tyramine at 50-2000 puM, 504000 uM (for G42R mutant) or 50-40000 pM (for CYP2D6.10C) was incubated with CYP2D6 and its variants (10-20 pmol/
ml) and 1 mM NADPH at 37 °C for 10 min after a 3-min preincubation. Values are the means+8.D. of the data set using a nonlinear kinetic analysis from mean

values obtained in duplicate at each substrate concentration.
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3.2. Dopamine formation from p-tyramine by CYP2D6 and
its variants

Kinetic parameters for dopamine formation from p-
tyramine by CYP2D6 and its variants are shown in Table 2.
Although a mutation at 486 (S486T) had no marked effect
on the K, and V. values, the K, values for CYP2D6.2
and the R296C mutant were 2.1-2.5 times higher than those
for CYP2D6.1 without affecting the V.. values.
CYP2D6.10A had an 8-fold higher X, and a 7-fold lower
Voax than CYP2D6.1, and CYP2D6.10C exhibited an 124-
fold higher K, and a 51% reduction in ¥, relative to the
wild type. The P34S mutant had a 7-fold higher K, and a 3-
fold higher V., than CYP2D6.1, and the G42R mutant had
a 12-fold higher K, and a 3-fold lower ¥y than the wild
type. Therefore, the Vy,/Ky for CYP2D6.2 and the P348S
and R296C mutants were 23—45% of those for CYP2D6.1,
and the values for CYP2D6.10A, CYP2D6.10C and the
G42R. mutant, were 0.3-2.6% of those for the wild-type

(Fig. 1).

4, Discussion

Progesterone exists in the brain and has various functions
in the nervous system as a neurosteroid [2,19]. Although it
is well known that CYP3A4 is one of the major metaboliz-
ing enzymes for progesterone hydroxylation in human liver
[35], we have reported that progesterone 2p- and 21-
hydroxylation in rat brain microsomes are catalyzed by
CYP2D [15] and that the 21-hydroxylation of allopregna-
nolone as well as progesterone and 17a-progesterone is
catalyzed by CYP2D isoforms in the brain [9,20], suggest-
ing that CYP2D is involved in the regulation of endogenous
neuroactive steroids in brain tissues. In addition, tyramine,
one of the trace amines, is present in the brain, especially in
the basal ganglia or limbic systems, which are thought to be
related to an individual behavior and emotion [33], and
CYP2D6 polymorphism has some relationship with an
individual behavior [3,24]. In this study, we have demon-
strated that the V..« and/or K, values for the metabolism of
progesterone and p-tyramine by CYP2D6.2, CYP2D6.10A,
and CYP2D6.10C were different from those for CYP2D6.1,
and that the G42R, P34S, and R296C substitutions affected
these metabolic activities (Tables 1 and 2). Additionally, the
Venax/K i values for all of the variants except for progester-
one l6a-hydroxylation by CYP2D6.2 and progesterone
hydroxylations by the S486T mutant were less than 57% of
those for CYP2D6.1 (Fig. 1). The G42R substitution is
found in a CYP2D6*12 allele in combination with R296C
and S486T [6,26]. Furthermore, it has been shown that,
when an individual behavior was compared between
extensive and poor metabolizers of debrisoquine, a typical
probe substrate of CYP2D6, using the Eysenck personality
questionnaire and the Karolinska Scales of personality
inventory in 769 healthy Swedes, poor metabolizers had

significantly lower scores in the Karolinska psychascthenia
scales and a higher frequency of extreme responses than
extensive metabolizer [3]. Comparison of the debrisoquine
hydroxylation capacity and the Karolinska scales of person-
ality in 225 healthy subjects in Spain indicated that poor
metabolizers of debrisoquine are more anxiety-prone and
less successfully socialized than extensive metabolizers
[24]. These studies suggest that there may be a relationship
between an individual behavior and the activity of the
enzyme hydroxylating debrisoquine (CYP2D6). Although
the patients are phenotyped but not genotyped in these
papers, it has been reported that the study to assess the
relationship between CYP2D6 genotype (including
CYP2D6*10 allele) and debrisoquine phenotype in Afri-
can-Americans and Caucasians in Los Angels shows the
positive identification of 88% of phenotypic poor metabo-
lizers by genotyping [23]. Therefore, the present results
suggest that the polymorphism of CYP2D6, including
CYP2D6*2, CYP2D6*10 and CYP2D6*12, might affect
not only the metabolic activities toward exogenous com-
pounds in the liver [25,34,37] but also an individual
behavior and the nervous system through endogenous
compounds, such as neuroactive steroids and tyramine, in
the brain.

For all of the metabolic activities investigated, the V.«
values for the G42R mutant were lower than those for
CYP2D6.1 (wild-type), and the K, values for the mutant
were higher than those for the wild-type except for
progesterone 6p-hydroxylation. On the other hand, the
substitution at Pro34 decreased the V. value for proges-
terone 6p-hydroxylation and increased both the V. and
K., values for dopamine formation from p-tyramine.
Tsuzuki et al. [37] reported that the G42R substitution but
not the P34S substitution increased X, and decreased Vipax
for debrisoquine 4-hydroxylation, whereas the G42R sub-
stitution increased both V., and K, and the P34S
substitution gave only an increased K, for bunitrolol 4-
hydroxylation. Therefore, the present findings suggest that
Gly42 is essential for the metabolic activities toward not
only exogenous substrate but also endogenous compounds
such as progesterone, a non-nitrogen containing com-
pounds, and p-tyramine, and that the P34S substitution also
affects the metabolism of progesterone and p-tyramine.

Gotoh [11] predicted six potential substrate recognition
sites (SRS) in the CYP2 family, and the SRSs span residues
100-125, 211-218, 239-247, 294-312, 367-377 and 477-
484 for CYP2D6.1. In this study, although the metabolic
activities were affected only minimally by the S486T
substifution, a mutation of 296 (R296C) of CYP2D6
decreased the V. /K. for progesterone hydroxylations
and dopamine formation from p-tyramine. Although it has
been reported that the R296C mutation is of little
importance for debrisoquine 4-hydroxylation and bunitrolol
4-hydroxylation [37], it is possible to speculate that Arg296,
which is included in SRS 4, also might be important to some
extent to the metabolism of progesterone and tyramine.
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Similarly, Vmax, Km a0d Vpex/Ky of debrisoquine 4-
hydroxylation and bunitrolol 4-hydroxylation by CYP2D6.2
(R296C/S486T) are similar to those by CYP2D6.1 [37],
whereas consistent changes in the kinetic characterizing
dextromethorphan, bufuralol, and debrisoquine biotransfor-
mation by CYP2D6.2 relative to CYP2D6.1 are observed
for all three substrates, with an increase in K, and Viax
such that V,.x/K,, values are the same or slightly greater for
CYP2D6.2 [34]. In addition, it has been reported that the
Venax/Km of CYP2D6.2 toward dextromethorphan, fluox-
etine, and codeine decreased levels to less than 35% that of
CYP2D6.1 [41], and that the V., for codeine O-demethy-
lation catalyzed by CYP2D6.2 are significantly higher than
for CYP2D6.1 [31]. In the present study, the Vi/Km
values for dopamine formation from p-tyramine by
CYP2D6.2 were 23% of those for CYP2D6.1, whereas
the K, and Via, values for the 21-hydroxylation and 16a-
hydroxylation by CYP2D6.2 were comparable with those
for CYP2D6.1. Therefore, it is possible to speculate that the
effect of the R296C/S486T variant is substrate-dependent.
In summary, our results suggest that the polymorphism of
CYP2D6 might influence an individual behavior and the
nervous system through endogenous compounds, including
neuroactive steroids and tyramine, in the brain.

References

[1] G. Alvan, P. Bechtel, L. Iselius, U. Gundert-Remy, Hydroxylation
polymorphisms of debrisoquine and mephenytoin in European
populations, Eur. J. Clin. Pharmacol. 39 (1990) 533-537.

[2] E.E. Baurieu, Neurosteroids: a new function of the brain, Psycho-
neuroendocrinclogy 23 (1998) 963-987.

[3] L. Bertilsson, C. Alm, C. De Las Carreras, J. Widen, G. Edman, D.
Schalling, Debrisoquine hydroxylation polymorphism and personality,
Lancet ii (1989) 555.

[4] L. Bertilsson, M.-L. Dahl, P. Dalen, A. Al-Shurbaji, Molecular
genetics of CYP2D6: Clinical relevance with focus on psychotropic
drugs, Br. J. Clin. Pharmacol. 53 (2002) 111-122.

[5] S. Cholerton, AK. Daly, J.R. Idle, The role of individual human
cytochromes P450 in drug metabolism and clinical response, Trends
Pharmacol. Sci. 13 (1992) 434-439.

[6] A.K. Daly, J. Brockmoller, F. Broly, M. Elichelbaum, W.E. Evans, F.J.
Gonzalez, J.-D. Huang, J.R. Idle, M. Ingelman-Sundberg, T. Ishizaki,
E. Jacqz-Aigrain, U.A. Meyer, D.W. Nebert, V.M. Steen, C.R. Wolf,
U.M. Zanger, Nomenclature for human CYP2D6 alleles, Pharmaco-
genetics 6 (1996) 193-201.

[7] S.W. Ellis, G.P. Hayhurst, G. Smith, T. Lightfoot, M.M.S. Wong, A.P.
Simula, M.J. Ackland, M.J.E. Sternberg, M.S. Lennard, G.T. Tucker,
C.R. Wolf, Evidence that aspartic acid 301 is a critical substrate-
contact residue in the active site of cytochrome P450 2D6, J. Biol.
Chem. 270 (1995) 29055—-29058.

[8] T. Fukuda, Y. Nishida, S. Imaoka, T. Hiroi, M. Naohara, Y. Funae, J.
Azuma, The decreased in vivo clearance of CYP2D6 substrates by
CYP2D6*10 might be caused not only by the low-expression but also
by low affinity of CYP2D6, Arch. Biochem., Biophys. 380 (2000)
303-308.

[9] Y. Funae, W. Kishimoto, T. Cho, T. Niwa, T. Hiroi, CYP2D in the
brain, Drug Metab. Pharmacokin, 18 (2003) 337-349.

[10] F.J. Gonzalez, Molecular genetics of the P-450 superfamily, Pharma-
col. Ther. 45 (1990) 1-38.

[11] O. Gotoh, Substrate recognition sites in cytochrome P450 family 2
(CYP2) proteins inferred from comparative analyses of amino acid
and coding nucleotide sequences, J. Biol. Chem. 267 (1992) 83-90.

[12] F.P. Guengerich, Characterization of human cytochrome P450
enzymes, FASEB I. 6 (1992) 745-748.

[13] F.P. Guengerich, L.H. Hanna, M.V. Martin, E.M. Gillam, Role of
glutamic acid 216 in cytochrome P450 2D6 substrate binding and
catalysis, Biochemistry 42 (2003) 1245-1253.

{14] T. Hiroi, S. Imaoka, Y. Funae, Dopamine formation from tyramine by
CYP2D6, Biochem. Biophys. Res. Commun, 249 (1998) 838--843.

[15] T. Hizroi, W. Kishimoto, T. Chow, S. Imaoka, T. Igarashi, Y. Funae,
Progesterone oxidation by cytochrome P450 2D isoforms in the brain,
Endocrinology 142 (2001) 3901-3908.

[16] Y. Horai, M. Nakano, T. Ishizaki, K. Ishikawa, H.-H. Zhou, B.-J.
Zhou, C.-L. Liag, L.-M. Zhang, Metoprolol and mephenytoin
oxidation polymorphisms in Far Eastern Oriental subjects: Japa-
nese versus mainland Chinese, Clin. Pharmacol. Ther. 46 (1989)
198-207.

[17] S. Imaoka, T. Yamada, T. Hiroi, K. Hayashi, T. Sakaki, Y. Yabusaki,
Y. Funae, Multiple forms of human P450 expressed in Saccharomyces
cerevisiae, Systemic characterization and comparison with those of
rat, Biochem. Pharmacol. 51 (1996) 1041-1050,

[18] I. Johansson, M. Oscarson, Q.-Y. Yue, L. Bertilsson, F. Sjogvist, M.
Ingelman-Sndberg, Genetic analysis of the Chinese cytochrome
P4502D locus: Characterization of variant CYP2D6 genes in subjects
with diminished capacity for debrisoquine hydroxylation, Mol
Pharmacol. 46 (1994) 452-459.

[19] L Jung-Testas, A. Do Thi, H. Koenig, F. Desarnaud, K. Shazand, M.
Schumacher, E.E. Baulieu, Progesterone as a neurosteroid: synthesis
and actions in rat glial cells, J. Steroid Biochem. Mol. Biol. 69 (1999)
97-107.

[20] W. Kishimoto, T. Hiroi, M. Shiraishi, M. Osada, S. Imaoka, S.
Kominami, T. Igarashi, Y. Funae, Cytochrome P450 2D catalyze
steroid 21-hydroxylation in the brain, Endocrinology 145 (2004)
699-705.

[21] M. Komori, A novel P450 expressed at the high level in rat brain,
Biochem. Biophys. Res. Commun. 196 (1993) 721-728.

[22] T. Kubota, Y. Yamaura, N. Ohkawa, H. Hara, K. Chiba, Frequencies
of CYP2D6 mutant alleles in a normal Japanese population and
metabolic activity of dextromethorphan O-demethylation in different
CYP2D6 genotypes, Br. J. Clin. Pharmacol. 50 (2000) 31-34.

[23] J.B.S. Leathart, S.J. London, A. Steward, J.D. Adams, I.R. Idle, A.XK.
Daly, CYP2D6 phenotype~genotype relationships in African-Amer-
icans and Caucasians in Los Angels, Pharmacogenetics 8 (1998)
529-541.

[24] A. Llerena, G. Edman, J. Cobaleda, J. Benitez, D. Schalling, L.
Bertilsson, Relationship between personality and debrisoquine
hydroxylation capacity. Suggestion of an endogenous neuroactive
substrate or product of the cytochrome P4502D6, Acta Psychiatrica
Scandinavica 87 (1993) 23-28.

[25] K.A. Marcucci, R.E. Pearce, C. Crespi, D.T. Steimel, J.S. Leeder, A.
Gaedigk, Characterization of cytochrome P450 2D6.1 (CYP2D6.1),
CYP2D6.2, and CYP2D6.17 activities toward model CYP2D6
substrates dextromethorphan, bufuralol, and debrisoquine, Drug
Metab. Dispos. 30 (2002) 595-601.

[26] D. Marez, M. Legrand, N. Sabbagh, J.-M. Lo Guidice, C. Spire, I.-J.
Lafitte, U.A. Meyer, F. Broly, Polymorphism of the cytochrome P450
CYP2D6 gene in a European population: characterization of 48
mutations and 53 alleles, their frequencies and evolution, Pharmaco-
genetics 7 (1997) 193-202.

[27] M.C.E. McFadyen, W.T. Melvin, G.I. Murray, Regional distribution
of individual forms of cytochrome P450 mRNA in normal aduit
human brain, Biochem. Pharmacol. 55 (1998) 625-830.

[28] Y. Nishida, T. Fukuda, I. Yamamoto, J. Azuma, CYP2D6 genotypes in
a Japanese population: low frequencies of CYP2D6 gene duplication
but high frequency of CYP2D6*10, Pharmacogenetics 10 (2000)
567~570.



T Niwa et al. / Molecular Brain Research 129 (2004) 117-123 123

[29] T. Niwa, Y. Yabusaki, K. Honma, N. Matsuo, K. Tatsuta, F. Ishibashi,
M. Katagiri, Contribution of human hepatic cytochrome P450
isoforms to regioselective hydroxylation of steroid hormones,
Xenobiotica 28 (1998) 539-547.

[30] T. Niwa, T. Shiraga, Y. Mitani, M. Terakawa, Y. Tokuma, A.
Kagayama, Stereoselective metabolism of cibenzoline, an antiarthyth-
mic drug, by human and rat liver microsomes: Possible involvement
of CYP2D and CYP3A, Drug Metab. Dispos. 28 (2000) 1128~ 1134.

[31] M. Oscarson, M. Hidestrand, I. Johansson, M. Ingelman-Sundberg, A
combination of mutations in the CYP2D6*17 (CYP2D6Z) allele
causes alterations in enzyme function, Mol. Pharmacol. 52 (1997)
10341040,

[32] S.M. Paul, RH. Purdy, Neuroactive steroids, FASEB I. 6 (1992)
2311-2322.

[33] S.R. Philips, B. Rozdilsky, A.A. Boulton, Evidence for the presence of
m-tyramine, p-tyramine, tryptamine, and phenylethylamine in the rat
brain and several areas of the human brain, Biol. Psychiatry 13 (1978)
51-57.

[34] Y. Ramamoorthy, R.F. Tyndale, EIM. Sellers, Cytochrome P450
2D6.1 and cytochrome P450 2D6.10 differ in catalytic activity for
multiple substrates, Pharmacogenetics 11 (2001) 477-487.

[35] S. Rendic, Summary of information on human CYP enzymes; human
P450 metabolism data, Drug Metab. Rev. 34 (2002) 83-448.

[36] T. Shimada, H. Yamazaki, M. Mimura, Y. Inui, FP. Guengerich,
Interindividual variation in human livér cytochrome P-450 enzymes

involved in the oxidation of drugs, carcinogens and toxic chemicals:
studies with liver microsomes of 30 Japanese and 30 Caucasians, J.
Pharmacol. Exp. Ther. 270 (1994) 414-423,

[37] D. Tsuzuki, C. Takemi, S. Yamamoto, K. Tamagake, S. Imaoka, Y.
Funae, H. Kataoka, S. Shinoda, S. Narimatsu, Functional evaluation
of cytochrome P450 2D6 with Gly42Arg substitution expressed in
Saccharomyces cerevisiae, Pharmacogenetics 11 (2001) 709-718.

[38] JI. Venhorst, A.M. ter Laak, JN.M. Commandeur, Y. Funae, T. Hiroi,
N.P.E. Vermeulen, Homology modeling of rat and human cytochrome
P450 2D (CYP2D) isoforms and computational rationalization of
experimental ligand-binding, J. Med. Chem. 46 (2003) 74-86.

[39] ES. Wu, T.T. Gtibbs, D.H. Farb, Inverse modulation of gamma-
aminobutyric acid- and glycine-induced currents by progesterone,
Mol. Pharmacol. 37 (1990) 597-602.

[40] H. Yokota, S. Tamura, H. Furuya, S. Kimura, M. Watanabe, 1.
Kanazawa, 1. Kondo, F.J. Gonzalez, Evidence for a new variant
CYP2D6 allele CYP2D6J in a Japanese population associated with
lower in vivo rates of sparteine metabolism, Pharmacogenetics 3
(1993) 256-263.

[41] A. Yu, BM. Kneller, A.E. Rettie, R.L. Haining, Expression,
purification, biochemical characterization, and comparative function
of human cytochrome P450 2D6.1, 2D6.2, 2D6.10, and 2D6.17 allelic
isoforms, J. Pharmacol. Exp. Ther. 303 (2002) 1291-1300.



326 BEFREEI®  Jpn J Clin Pharmacol Ther 36(6) Nov 2005

J-10

TOPICS T

BRICHBIET7—vaAT /=T
ATREDERDI=OHI
—ERRGORRETE—

BRI E SR — B
AH

it ——

R

1, 77=NAVzAT1 AL T7=RAT/IJA
Ty—waY TR TF4T X (pharmacogenetics) 3 ZE
EEEE RSN, 1950 EA»5¥HERE LTHREL
TE&J, BERIRT 5 REEOBEAZE TEENETFICHE
E753h0ENRLLTER, £, EYEBcET2
SFREOFIEIE 1990 ERI AV REFIZHEREL, EnA
HBEROBCSH L RECEDAEEE L OFETEH{ D
EEPERLTE TS, EFE, [ M7 AEAEE] 2
gL, 77 —<a4 ./ &7 A (pharmacogenomics :
PGx) LIEEN B HBFRNEG LT, PGx iy / LAEHEHE
LR h, BEFEHENT L BETREERER 2FERE
T3, EEFESOEME, B EELRSM (single nu-
cleotide polymorphism : SNP) 25 —% v bZEEAE
R USRS L KBt 2 b O TH 2V, BETFH
RIBSREATIE, R LEETOENARELEEYOLREME
LEESUTEMT2DTH S,
EEBEELY ) LEHEERT7T 0 —FOEERHD D
OD, BEVA—N—Ty 7THERTH S, BEOHER
CETEIAMNECTVE I LREETH S, B, BRE
AR ENT WL ETEGTFONRIFEYRBBERLZT T
R EREERTETF2ELEELDH 00, KETIE
PGx 2HWTEEEDI W,

2. FREZROBRE LAROERNE

PGx REZ DEEFHRBFAINTH S, 2 ZE,
FREEOMAE L LT, BHEEECEV Y7 VE
BOF, ENEECT/MEEREEEET, ERntAE
F, MEFERGESTF, B  EREESF, Tuxs—
B/7 RV AEHE, REBHTFI—FybrerlLThyy
5hTwa, BHIAOHEECEET % HER2ZOE/ 7 1
FNUVHER T 7 VU NVEEBEROBEER, MEWNEH
BRI F (vascular endothelial cell growth factor :
VEGF) 0%/ 7 a+ iiiE, BEERSay v+ —¥

(epidermal growth factor receptor tyrosine kinase) O
FEEHL Y, W DrDEACHRREBRSETL T3,
Y OEREENRICTHEAMTRISIZENEL SR
BelLT, YOI —5 v ek2HFOEELENEZ
BhTw3, WoEMRAKROERLICLY, BN
FTEHEVARYY — JUVARVY—DRESINRDIEND
ExHThs, BE CHFAVALX (HCV) &3
24 vy —vzar (IFN) OFHEIZLTBEET
Bolzdt, VARYF— - ) VI ARYY—DOFDHCV
DOIEEHE 2T LR, HCV 0#EELS B LD IFN
R L ESEC PN T LML 72, B, CEFF
#0 IFN i8E i HCV 0BES B rETwTfTbh Ty
3. QT EEFEERTII L 7o v b —03EX R EE & 22R3E
RE| SR TESBENEFEELY, EETFSEOSNPZ
W & O E%hEE L EEE O BRI L 72 D GRS DR
EHEELTWS, Zoftlicd, BREETO HVES
F— e TUIFT VvV UVERBRSE, BEBETOLS
2vDvEFI—r AP SR, GEX
BETDAVETI—SH, BRCBTIAVEY
F— e VIFUVETI—FH, FT7FTOBEIMEL £
FERERFZEHM (epidermal growth factor receptor)
DER: OFE, B XPRESNTETLY, AUKRAT
bEADEGHERE I L VBEE FEHE O0FRIE
Bo THRLAREEEZTRL TS,

3. PGxMIR~NHFF

EFIRE CRIHERENRIBENS 240, BEER
DBBCHC I HEBENLIBERESNL TV S,
PGx 2¥ET B 2 K7 7u—Fi3, BEFHHEFTLE
EFREBRBATH 28, o077 7a—F o 5 EH
BEFANTWEZ LI TROLEY TH 2,

@ EW e 3 BERORIGEDHEOBA (EHREHE

HE, EWRMARE, EMREkORBEE, %),

@ &Y O%ES) - TR HH,

@ wEORHESRH,

@ FR®ENSTF L UIIGEEORSR,

G REDVAZHE, k¥
Bz, BIFEYCE T VARY S~ S VY VAR
¥ -0, EWEREREORBHZ 2B T, BEFE
OEFHESHF /- 2 EREORAORREEN D5, i, &
BECTFBIEY HTEABCHT 2 HEAOBERY, TE
IERME S N7 FEYRIRP R 5885 (personalized medi-
cine) OBEFE(LVEFEND,

Key words : pharmacogenetics, pharmacogenormics, clinical research coodinator, clinical research associate

* T 142-8555 FREHE/IRKEOS 1-5-8 MAEEFNE _FKEy



Table = #fREfAE | IRER L PGx W5
HER PGx
Za han suEmig (ERMEMRGSE) SR fae
Ic Y EH 8 B
B 8244 R B -
i FEEE —
wEhT BlER e BEE3E
ER HYEH, BRELHLET BIERZE
DR TRE (HERE) u (EE)
4, PGxHBNEE

PGxHEL—ETV-oTHLZOREBERHEBRIC L -TE
5, 4L BEFER2EET 2BREBRIETRICS
|ahd:

O EWERLET L EHFHELSFFEENR TR S

@ BHEETFIIEEI N TV 3 MR IR E

G BNBETREEIR T EWREER OO 7

12 AT % K

@ REBERGTFOBER
BEREREAN Y DS 4 7O PGx BN 2T b DTH 200
FAEREETHD., 2¥LWVIE, TORBFEL->TA
VI A—AFIVEYNDTUEARE=ZEIC L 2EEN
BRHERZTE00TH S,

5. BRICEIT34/ LEREHIED - HOREE

BEARTEMIIERT 2IRBRORT 25D 27  BEk
L7 SN E2ER LT, HBREBCHPELAEZzRET
5., BEBCOWE, BE, TMRRERTATHY, HER
BOES L LTHIETE 5, BBEEHT 2B, HH
LY ARBAFOEMRTH L OBE, S OERMIITL
CHHARBWIDETE S, T, 7/ LRI E I E T
ZAV 74— FarEYIRESITHE I, BBOH
TEHET 2ARINEOESR Bk k, EMIARCERL,
BERECHEALERENETE L0155, RENEN
0T, BATO SO ARERICT 7 XA TERWEMTA
YRVTATREETDINDES S, Table @iBE &
PGx FROMFREHE QLK ERT,

BE, RROEHIHEDREBELTWL S, BEREM
HERTZOnED, ZORERBEDSZ W, RBEONE:
REET B DICRERI~0SBELELLES, L
235 T, FRCIREMIBEEEHAEL, FHRRERGE
(clinical research coordinator : CRC) KERTWw5,
CRCIX, WEAE L2 BREOERCEL NS &I, &
BORER 7O PaIVORBZAET > TEFEL TS,
CRC i, EREM, XA, BRBRERM, SORFER
BLTBY, EECEET IAREFREL WL, RER
DOAHETEEYT 2BERMcEZEZ AL IS LTWwS, T
X, PGx kBB F 245 BB Y > Th 55, BES

TOPICS 327

BRTIR-20DES LEERETR+ATCREVWESZEA
EThHbEELD, EREFEROEHPLAESTE SNz
ENHoThH, ZONERESERUBMICIETE 21
N B TE v, WEBRO7u b IV OFRERICE
FBECES BECRCREEFOE Y= 5 —
(clinical research associate : CRA) WEZ T 5. K
iz, CRA B PGx fEfTOER, EROREAELHERD
RO AEPEMCHBETE R WEESbo LT 5 L,
ez FTH3,

6, E=EICLPEE

XERlEE, BEESEES L UREEEZAR, 2001
w [e M2 A BEFRATRICET 2 mEREH] 246
ALl (b =418, 2005F 4 B 1 BETOEA
BEREEE G T 5728, 2004 48 12 B i RIE#H 2 &1E
L7z (2005 4E 6 H—#MIE). Z OBSFTIE, EERwcH
S EREAERR (BB L ELENGRRERARII R, ok
HLTw3, LrLiss, PGx BREOBEE FHTICE
b3Ea%®, Ev5 A BETFEMGEEESCEEY
HFHEL T 2 EEBEIEET 3, SERshcERE T
WEHEEZEESOBRIITROLBY TH B!

 BE - EEEDAN - EESRFEEOERE, BERR

HFHEOE A, —BROMNBOE» SERENBLES
Ha.

 AEREE EFEULEEL T EWER LW, TORER
DREERIEE IR, PR L VERAEL N LER
H5,

HHEFEE O EE, AX - HEREEOESE
T E—BONEDETH2LEND B,

c BLEECTHER SN DLERD S,

GCP TED &N T 3 EEEZES (institutional review
board : IRB) OHERIZROEBY THBHY !

5L EDEELLRDI L,
cEEODD B, BE, WY, BETOMOEREIZE
FRREBRCBET 2 HEMINARE2E T 28UM0F (k5
ORFERIVBEEMZONTWAEERZEL) 8mz
BhTwa Ik,

CFEOS L, EREEFREELFIEEREELRVLED

MmzehTnslk,

ZAEH R EAEREFEECHG LT B0, BHEH
TEDWED Lo TWw3, —F, GCPixfmEd, Bl
¥, EEEOREOBESALS, WEBREDAE, L4, B
OREZE->TEY, EABRORELRE-HELTIHO
Ty, [PGxHERONRET 2 EIAMBEFEL
FEANERTHSE] EWIEZFBEET UL, IVE
OB Z2RFCEITWTH T 2 EBSCER R GET
BIER R BIEIIEETE R, MEE, GCPicHl-7
ok A LEENEBEINTEEINTWSED, LI



328 TOPICS

IARFEETS., IOHE, FEEORHBERONELH
BkET 2L 25Thb. HEETH 5 BBRFEEEMY
+SRBEANTE R TR, EEARESCRIERE LT
rnd o kil TE s, ZOZERIRBTOE
ETHEETDH S,

7. PGx RO

PGx HERDHEED I DITIE, FET R EANEEER
HET D, BWREL DB BEOEMEBIILIVDIA
C THHH, HUEMORE, HIE (CRCE) OEME,

HMAEELALNBETE AT —OEFE Y PGxH

RS BEREOBEBILETH S,
¥ e, EEHERLBOEIEOHEE/L, HBHREEEE, &

EMEE0ER, CETEEOERY, BETFHE, £x4 -
U LCERPELAELVERETREREELL, &5
2, WELFEOHECET 3 EORERE A LR L,
PGx BREROAA WG U B2 EEFE L T LED
HrIEr>,

X ®

1) thRiE (§). SNPEGTSHOENE. HILESE, 2000,

2) E YL BETENAFECET 2 REEGE 29ME 1, X
BEEY, BEEYEY, BEERE, 2004

3) BEROBEKRAROEMOEECET 2E0E B E, BEEHS
H45 106 5. 2003,



J-11

TS LB

7. REINAFINOJOYII b

B B SEET

EENA AN VHEORNPRUE->THOSENMBEL. ZOBIC, ABTRTLS
(2, BHARIICETS 70 I-VOKRE2ER, REFIRNDERRAESTTHNh, EA
BRI BICE- R EEMR DA, ThELTLT, HIEN, HH, HSHRIEA
DO EHIT-> TV, HEOEESIE 19900 FROHEMBETE DN EZV I I T2 —T A
CRNBEICLBEEATWS, BERENIFNL 7 EHONERE L TR, ERSEY
MBI TWS, &/ LEROFIETE3HES DT, XEOERETER(HEL,

BRIRNELDEIRRZENEETH 3.

...........................................................................

[FU 8IS

BENA AN T EnbhBEHIE, [ A0LhE
ELTOEE (B - £W%) ] 2XR 500 L2MR
BREOE/FzO S TEEORYHATH D, 45m00
OMNDEERSOTADPEALA V74— F Tty
MR VREL, AETEL CREERE, AR
(MW, B2 bESVRraEELT) 2INEL,
NEHMENER (ak—b) ZEHFLIIETELD
Thd. EEOFHFGREEZ D LIZTNHRT TEE
ThrhIEERDBEV), NLFNVTIZONTIE, FA
DLDEEYD, INEFTIILERNHS, sREhD
lEfhosl) -8, '

[%—7— F&KE

JEE S A o8 F, Genetics Knowledge Parks,

B RRER, BEMEIIba -, &

A

GKPs . genetics knowledge parks

HGC : human genetics commission
(NJBRIEZZERS)

MRC : medical research council

............................................................................

EETR, 7/ AHTLEL I ORRRBHTE
BT 0, REMHCHEPLERESNE Y AT
AT IR IMBEFE - TS, LFEEE, ®BE
BT ABENERIChbIoTREN TS, &
falk, TORFEWEEEROBEOMELRT L
&, EE2KOT ) LERERBIEOFTOH Ln
Bottom Up BIRICOWTHATS. Lw)oid, #
ZEWMLRFLECOEBPLAITL A LIE, %
DY) AERAAREOTHE S Th A, LA,
CORMEELRFROTHE, ThzEBIrTEEOD
DHIZODWTHESREMT 27011, L2
LD EHOEMBGVRLETHE., TOLI) LRBEELR
BmE R EENRE o TVAEDIE, ITHHLIEoER
B, BREOTFHHAzBITWEL L, HREREE
HWPTCEPRE L RBEEZLONLINLTHS, &
LICTEORENAEEFED 2R LT, EROBTIE
PENB LI LB7DICE, EHEFLTERBTS
ﬁ%ﬁ&é.:@:&%ﬁﬁulﬂt%ﬁwmbﬁ
AO—BMEE LT, KEDONA /Y7 2R2BE
ENEETHS.

UK biobank project

Tohru Masui/Yoko Takada : JCRB Cell Bank, Division of Genetics and Mutagenesis, National Institute of Health Sciences (EiLE

8 5 L T A TSI 28 R R R JCRB AR /S > 7 )

70 (522)

EIRES Vol 23 No.4 (H4T1) 2005



®1

HEISA I8 R

v THEEERES - £WEREINE] CETE27-2 28y TRl

| %] OB mTRETHEL

1 MRC (Medical Research Council : EZNf

REFME) Lo Thh AMEE [EEEHES - SR

1 BTN RIS QM REVRRE RSB L 25

. MRCH: Tk MEME REOFERE ST 2 WEigs ] + A%

| HGC (MBGREH#RAS) 0RRE
R, ERERE,
| MET & & SHEN

By

| DV O ERAT 5

I F

PSR

=y paEnT o 4

~ BB [zmEnEs] , TEMEEH],
et | RIS ERSP CRRENAGTRE
054 9 A AEEEZBBROTE

BHMER, REERURZOL PEHOBRAMMICHET2ERAZL AT V-Ti28 b

1 MRC [k b E R OMEREICHET 2188F] 248K

| [REERES - EPWERABNED DO T b a—VE] #4F
W TEENA Ay, BEFERBELEEICETANE] FEHBETENLR
| BN AN 0o 7ara—-VE] #40K

I MRC, v v AfHE, RREECLIEENHTEREFRES
| GKPs (Genetics Knowledge Parks) ®&kiL

| BEBE V-7 4V T A OL Y AT 9 4 TR

[GERE /8 F v AOEA] 102w TH#R

| EEHS T, HERNBERSIC L 2EENEIRSOFTEEEREENFT, KB/ L F/0Y 75T

1AV I R74—FREDI V7 ) 7REOMERBERES, BFEEV s Y - Za— b YHRMPCEOITRIE
| KEBEOBEREEA|CEE L /Yy DCBOE LT a— b Y KHE

| YV F RS —REPFIEREL S LT, ELIC6 AFOMRG LY 5 —2BH Mk

VA9 P ATH—FREO YV ary AVEBRUTREPHERELABZR L LTHEMTO 7T b a—- L0k

[MREBENNFVADORAR, B 1L 232V MODIIAHE
| EE NS A8V 7 AREEERESH L LTI S h, EEFHIIEH
| 81 MRS (Board of Directors) &ET7 IV -5/ YHMUT 84
| BEEFNF Y RAEREAORRBERES, Va v - R—F— VR VBT 5 &Ik 9 3
MR e NF 208, E1BICHT 222 boRESE] 240%
| TRB OBV ERFICETA/IMTERSOT O ba— N L84, B 2R LERLE. K1

TVAMVKEDT JARLN - F 5 v RVERPHEBE AF VAREROEERIGERE NS

MR LiEHRoRA] . [EHRoOEx2) 74 -] KHT3

B @RIEE A Ay oo LCEER, BB E 5 A B

OREENA ANV 72T BERFEHOIILE Y

R =R ERHORRE

1980 ~'90 £ K El OERBUF A BEL, FUEH
HAEFL TS Y, EETRERBE RETZE
REREETL, EZLL TRENICY A7 EEL
REEEOIDICART BEEIED RT3,
DL BD—ERIE/S A 8y 7N b EREIER & IR
TARIHBSNATRED DS LV, Fi, /54
ANV IHEACRE BRI LB ERERDD
el id, BB & B N R E 0 R
Thl, i, EROEEL, HICBITY AT L0OH
CBfaE—rRBI LY, ERUEOHELME -

275,

EERESE

Vol. 23 No.4 (T 2005

0 EROEEIANBECHEE, EREOER
REEZEBRLTWA. BSEREZTFRERDOMET
BHb. B, AHOEEICE, HEWEROLDICIX
M) BRAE . T0RDI, N FSY s OR
WIX2001F 4 B (R1) OBRWET, oEkhnk
INFTFbRL Tz, Lwynid, EFOBEDL R VERE
T, HEOHFEINEET A Lz BREFIBRN TV
D7E, TOLRYL, KOBSE LBETFRERWME
MHOEINILVAZA=VAVIERELT, 1~
¥ a— L7125 L D34 A8y s BFREIEE LT,

WA FINY 7B ORE~NDA V87 P EREZTH
L. COEHICERBEET S HE 50 5 AERE
WO 4%/BTHAH., ZLT, WHORY LI

71 (523)




BRI ESNAFREEZIMICLT, TOREEIZEHFYL
TV ANbERHRICHBESMOBHFLITH) L.
FO/-OWBANCRFAZIES AICIA, i wiEEN
PEEWI LI RBMEDRY VT NTELZE
P

CDXH) Ry VT -7 HIMHEAICTE, »o,
EFEIMbozw, ZIFEBoTwiRWHRENED I
Wwa, ZOREERERTAI LI, FABROFOH
SEBRTHD LY, N FY 7 FEBYE DL
AT LI ENTE L. LAKRRENS, KRBT
TREED H B, 7o n, HEICEBLTVLIDXE, &
mEOEELRAOBRENBAROMFEZRL T, /N1
ANV s OEBEEY, ¥ AEREEPTEOT
EOHEDORENLFESETHLEVIBBETH A,

B EE/ N AN T DER

FVICERARLI. 1998 FEXKHAH VT 9EDIXL
Db, BFEOT ) AEFTE, BEEMREOEELR
EL, TNEWET S0 RKRE R AR ERD
BiEe LTEEMILEI>TWAE, FLT, '9946
BomestEOTEL, 20024 4 B OERFEEM
ERESEHET2005E9 FOREERZHI L THE
fRHEATND,

HETOMEBOTIE VAT LDOEKZIIOWTIZE
Chhbiawnwd7Eh, BHENA ANV OFEHWOE
M, 200244 BORETEOXIHBHRENT
BY, NLFNy7CEOND=a— YRz »5E
a=L7zbIh, BALLOREIRE SN, BHEN
BolBRTERTAZENTEL LWV,

HENA TN 7 OHP (hitp://www.ukbiobank.
ac.uk/) TOEFKIL, [EE L ANV 7, FIAD
T, DUE, BEEHKTEEIBROMEDT D
DE/BLEMELE TR TIRBELMREROEHZ D
ETLDTHE, /COEER, SRS VFAT
DEFEIREZ R (20~304) (2hz ) BHAE
L, BEIARDRBRICETAERENEL, ho0

- ™)

¥ REE~NOSHR

REOERIEETHD, BURREY—EX (NHS) KD
HEND, £CT RERBEROSSIHZELICHDDET,
FTWHTHEUVTLOREEICERLUADNITESEL.
ZLTCOVRATLILL>TREADU Z— B TEDD

L THd.

v

72 (524) EIhELSE

EHE, K VT4 TORELEYRM (MK LR)

LA EEA, EYRBIRESN, FEROEWEY
M, HBVET ) AEICHBTAZEWTES. /
INHOIE S NER L BEHE, SV 20HE
Bk ), HEELHFEECOEEIC k> TREE
FFHECOABVLND, REBOFREL AL
WTAFREBTUET LD, RELREHEY
REFEEY VI HEBE S 2. ERL L22IBHMOADBIZEIFA
SN, SEENL ANV I, SOWREROVIEE
TAHE, RtE, HREAETIAL, ELTHEE
BB LHEMEREERT 2] THAH, RE/NA I/
7, HLETLANE, ThRbBHERLLT—
FEOEZ b oLEH LN A (qualified researcher)
BH#ETHN, —EOFEEZRCHAATE 2 A%MRE
BELTEESEN TS, COEKTHECAE, 7
J LIBMBNETOI%EF N, MEETIZSHIC
BWLARVTHEEEN, FLTENCKRUHNERRE
R 5 7212, Public Ownership#fTHH L Tw
BDTHE, CODL)RNA TN IZO0TOER
FORBIZEL»TIERWw, 1275, EENe V4 4
e, NEREEOERML 5T HDIIDWTER
TART, FAEETHCE /L, BSEXRREZTHRIEL
Ve ie EORBEEORBREBL, 7/ LIEMEALOF)
BORELREERZEZ 57010, DLEEEH
(Public Ownership) EWHEBZFLp2nEN)
BEIEL-EEZLNS,
BFBICCORIFERF A 7T APHZEICSOERIZD
WTHBIZAN S,

Bl SEE/ N 87 OFREEAYRIE

HENA ISV OB 70 b a—-IicB LT,
BEIEMEENHTVS, R2ICZODBERZHIT
b, COBRFORERBDIE, 2002%F 2 BIAKRS
NEXETHDZLWibPs, S THROLATVER
Bo—ERA%, 20044 7 BICARSHZNELEYRM
DEYFANEFRL TS, £E0OBEEEICEL
Tk, 2004 12 BBEREZES (M) THREHF
O [BmEoEL!, TEMER], TNELLERD
AL TBHROEF 1) 74— OREETHDLNS
Lvd. F, REBRBRRESLS L W) MEIERE
FEEDELZOFBEBIIA o TWEMHEE A /SF VA
ZESMELTH (E1). |

Vol. 23 No.4 (HF]) 2005



iz m[il/\fr#/\/70>ﬁﬁ%n+ 7"1:1 b -V OBREIER

gae Subgroup
"20044£7
ample%20Storag
http //www ukbnobank dling%20and%208 "
‘workshop.pdf -7 %20109r%20com -,
RS 1EH 1.4
TRV R, AL SR IR Y 2RO FHF A AP I LB R
it ISR stk B M A sk PRI A
BT T = DI T —F X — R MErSh ol R MR~ EIR U BRI
PRI OB DWT 2. E O FLW WABBOM R
HRLIREEE 74— 29y EH};JEK — i
12} iy m«::: . 1 ¢ o~ e
N 27— DI RO B il SRB A g DT O VSR
Ty vay T DEE RbUEEAY M‘ij"””’*ﬂﬂ
Lol Mg DM #imw
BRGRIS, (LR B UHEF 4> DIE Sk _ A il
P, - S e PB4 %wltimwzmﬁm — Bt
%Nlﬁ/?‘llﬁ‘a‘éﬁ.@. %nn%mﬁﬁ%al%%gﬁgﬁﬂ ot
i N—2TA O L E YR
LR oS B AR 1A
ﬁ.
SO A DRI AR 2= by KA Wl s —iepia =k
. E o &L R EHOIE ﬂ*“n@&
mﬁﬂ:‘lﬁ‘ﬂ‘—}‘tﬂl’ﬂ)y'f70)m9€ ntﬂ;
i —
RIS MO wﬁﬁfgﬁg@ﬁi‘*
?%gt;z,’;ﬁ% cvons WLy D OO
AR O
REEOREIILT - A
gtﬁg%ﬁﬂu . Lﬂﬂgﬁ@uﬂ‘ﬁit THE LR
o B ke DNAJhH D7z HEIC £l
A FRIRE TR
oy BRGS0, Sagle
A 221 IRAT
i Pt
o T R Y ;:: -
b ﬂ#ﬂéii@a
e e
7=y S, RN EALE e ‘ YR
ERAROTHOBIE Db OBFEB~OBEE ;g;@‘f&’&ﬁ;@gf’t
BF 50050 K ABIOMEER) AT IS dafilRoftsbaling
Zﬂ-;);—;ﬂ;}:jw‘-wz ﬁm:gﬁ:lﬂ- Al
EIRES— 2 (NHS) 0 B L 580 A OBHE LN E
RIE ELNESO IO 2 v B ‘5”"3”%“5"*@“”’?‘%@&“
iﬁéjﬁ%’;ﬁﬁﬁﬁ@@%iﬁttiﬁmtﬁﬁwﬁﬁ H R
R ORI . ;
BHTORRERNT BRI LRREOEBLTOER
Fre T 4 FRTR
BNEOREE By
F—F AN HEMR LY
FHAEO S FROTUR LR LILBRORIRETOER
A 5. X234
IR F ik 6BELR
HETFRE TS RS O BT e
TN R 7145765
2R —bATOARI O WFRE
AT I Bk
FRE R E Ik
FMavTFse
D —MIBW 2O
LODIEI LT
3TRBH M SR IRORROMR
A WRESNBR RO ER
WREEIT 250
5. (GG E R IR
L 7+—LRavErb
b
NAZENRRT LD E
IEY;
R4V
BB B DWW T ORI IEIE
BIRBEADT(—F/5y)
Mg AEDCBINT Aok
6 MOTFETED 2
1R ENER
8. R
9. B64%
10.448%
1LBE R

EERES Vol 23 No.4 (HT) 2005 73 (525)



LA

o
S~ HE
BE - 4 REENAF N 4t 1E5R pmm e ————————
R r”—’ e — i REBEHNFLR
it e E EPN :
e oy = =) BE .« &% [ . o
ENETE CHE i
NEBS
:;ﬁ:iﬂgmgét%#
ZMED - ‘
@ EfIEE B
GINEL /-IEERROFA
@EHRNExFA )T — ‘
 oanl S e

b

(6 HER, 23MBEIBERDX Y b7 —2)

aRiE

X1 ZEE/NSA AN B _

RENSL ANV 7, BEE, MRC, vV H AHBZHESEL LTEE SIS, IFEEVEFOREL B,
B4 0EFEOETIIEBREEE (CEO) 289, ABEINECEF IR Y ¥ —»Tv, HERAEL 5 -28
FLRREERT. NHEOREZEZRERI6 20N EREEDH, AXFIWRLEZE OMEII>VWTO/T b
~VEERT D, BEANAFNV0 TABERBEHEER] oRMOF—7 20 FOFIHEZTEICT 22002,
HRLINFUVRABREVNSNAINV 7 OEBHEERL, GRKICHE - 91575

WEEMBRB O Y FV IV TOREE T 044
TACAESR, 1ABONRT )y raiy M Mofta
niz. &, RETHFARSIIS. BoREERE&)
LOWMEE, SISHITFEEE ATV AORHEMITD
W, ELEREZY, Thicaic L-sETd7h
nNaskwny,

BHAO7U b= Mig39"—-IThh, 2FBIK
ARENDBDIZATIR—-TVTHBH. TOBEE T,
YN BCHTARBR ol LA, &
FOWMEETIL, ERIAR-VOBEIFD21E, ¥
YR ERABICETARMER Rk TWA.

TOFF—ALFRICBENT, BECAPEEZETH
WCRESBEEZEBVRYS, ZOEBANORELRL EDY
vIVERRBLE LCTRBSEN L ESY - —OBR
BTELEHPLETHS. ¥/ LIEREEHL LT
RERTFORBOTICRET 2 EFETEROMEILS
WT, BEAORIENAN%Z, EWERHOINER
FEN v 2 LTHE) S EOBEEWS, BEICH LY
NTW5E, Z0Hih, 7 LERETTIREELVE
BB R AN H S, BIRE,

HEOBGRTELDILEBELILNTERY, L
L, WA ANY o ERNLREENEN (AL

74 (526)

OTHFELEE, HIZZLTVWRWE)ITHEY) 12X
o TITH 7202, BERZERETIENMTbhATy
DRI, (OB 2REFFAE] 2LELT2REES
J AR EOWE BRI LT 5,

BYEENA AN LETHBEAD

7 LR

FelZ I 72 1990 XD BSE L IR TF AN DB
BB LT, ARBENE, BUFRERENMREMERE
Kot TORBEELT, KETHE 98EH,L 99
FEIZPTTHAFF 7 /70 Y —-0BE - B& LRI
Pef BT B RIE LAYT b2, ZoMRET R
TeDPNEREZ¥ZERS (HGC | human genetics
commission) THb. Z0''WEDNE~ELHETF
2127, HGC OB+ 21320, BFF LHENA
EThbHu, ZOENI3HBEICHENRER BE -
B e RloatE 2, BHBEEMsbTaZ L
X oT, HAWER LR TABENRILTVS
&), ZOHGC EFC LR, FEE A+
NV BREREICH LT, BEMICEEREE L.
KIZ, 2002 FEIZFRI E N7z GKPs (genetics knowl-
edge parks) (DWW THATA. ANOREICET 5,

HEERES Vol 23 No.4 (T 2005



Statutory Bodies :
Committee on Safety of Medicine

Human Fertilization and Embryology Authority

Agency : Medicine and Health Care

UK Foresight Programme

Intrim non-statutory bodies ¢ UK Xenotranplantation Intrim Regulatory Autharity
UK National Screening Committee
Managing Clinical Interventions Group

Products Regulatory Agency

Special Health Authority :
National Institute of Clinical Excellence

89 Committee on the Ethccs and Gene Therapy — 93 Gene Therapy Advisory Committee (approval)
97 Subgroup on New and Emerging Technologies

B2 NAAEMICETREE - #1E LRARMORES

HEEL 1990 FROBIEFHEEDOMBEE IS, HEMEBRRIITT L0 -

9945 AICHREET LKL

ZOFER 994 12 HIZHGC (Human Genetics Commission) 7

BELFEEHOREL 27w,
PRLENS. T

& %|Z Advisory Committee on Genetic Testing, Advisory Group on Scientific Advances in Genetics, Human

Genetics Advisory Commission % WX L 7=,

HGC ixE o L& IR T 8 0By E

- BB & R BE OGS ¢ RE -

TaEZEEL, BEBLTE I EITROONT WS, £/, BLF /7 AHEBEOHEBIZIE, Genetics and Insurance
Committee & Gene Therapy Advisory Committee, B & UREO T E# A T4 5 Subgroup on New and
Emerging Technologies " L, HGC L B EMEA A Z EAWFENTWS (TR 12 & D FERD

7 AR e RLE LIZESE - EWERRICOWTH
BAIB LA RSCHESEH ZEL, BETACOE
ELTHEBEN:. oL, 7/ AGEETTIR
2, N4AFr/uV—efrEtMEL 20EH
b L, FOFTMOEM 2 &NERE LT
BOUTWwWaEEZ NS, BEIRRELBEAL
DEFEBEL LT, XBRESIEEOLEFHETH
B, AY Y 7IHBORELR EDOAMMEML, IO

EEICX o TIHHRTEDLNA AT L2, 41, B
Mo NEETIEHLEL, FXEHEECHAHEIRLTY

5, REZZSLIINA-M L LTHEENEHEE
S RDBZLICE ST, BELAMEHEEL GKPs
DEEEEE > TV

HEANTI, DT L) 2HRERHF, TORROE
R, TNHEHEOBRICHETLH OW S RTEZKE
THIEFEING, ZOHICIE, EERNOMEE L
T, NHS (EdZ@EY—E2) i2B80WTs/ ABER
REERICENTLOOMME, EHEAEOERERIEC
BUIBY ) AHEOMBELRELEEND,. 201INC

EEREZ Vol.23 No.4 (#F) 2005

L DR RIT) T EWTE, POEVE

RIS

CHE IR EOROBH
cBRERTOTT L

BEHR 0 7230 ) AR A
AT hhTwa,

RERILELTLAIFEGKPSICRETATFET
Hol, LPL, BHEINLEERREOEIE LW
VEBT, A7 FRTS ABE Y = — WXk
Bashaz bbhols, oI, =a—Fx v AN,
TUF A — LT AT, Ay IR
+—=F, 7Y v Y, arrFy, ELTH—F47
THha (H3).

ERICENEFhOMEEHHTEE, HIBRTHENE
TOWE - EHOR Rz ELTHTEA O GKP 238
e TwaZ BRI ns, TRENOHIEAE
DR ERKRIEPTHAREZREL TV A0
IO XS pEE, EELHEIOWTELRARA
ARy b7

— U EEETLWRETEATWS, EELZAR, 7

75 (527)




Peterhead
Aberdeen

Northwest Genetics

Knowledge Park o Notthom
(NOWGEN) —~—fxi?

(vrFrarh-) )

Oxford Genetics
Knowledge Park
(w9 ZXF4—F)

Wales Gene |
Park
(H=F17)

The Northern Genetics
- Knowledge Park
(Za—Fvy )

Cambridge Genetics
Knowledge Park
(r>7uu)

L London IDEAS

(London Innovation, Dissemination,
Evaluation and Application Strategy
for genetics across the community)
(A Ky)

®3 ZEEO Genetics Knowledge Parks

J LB, NA ATy /aT—bnS BREOTHETE
REBOLEKREERE T, EENICRI-ZLIZHS
EEZTWS,
DERL, FOULIDEFTTTWIDES).
HGC & GKPs &\ Top down & Bottom up DiF
BS, AMLIIEGRENY I THhHEENA ANV Y
EXITWDHELERLD,

bW

B2ERITHIRERIED 1 DIRRTETRERETH
A, T, RAUHEEZzAWT, ALAEZHEWT,
RLHEREHEDL L) [EROBR] 2EKLT 5.

B2, MREHE @R, TLTERLER
EVIENTICRoTWEDE, FLERERNLLT
CBERoNERBIIL T, BholERANEATREY
Lo TWANLE, F0OZLiE, WXREADRMIC
BHZLTHDH., BEOBREEETILHDIE, #
EOBEITTHE, RLEBSTWAMENFE LR
OhLvIEELRE W,

Z)n9H BT, —REBEMEOREHAEZBHEL

THBE, HROEEICHET 2EAPLPBERIORS

NTw5 (BHE&EH, KER). HEOREICI-
TELRLDY, [TORBRTHOIMBORMEEK
HONIHEICE, TR TAZ L] 2XHD—%
BHELTRLTWS, dbbA, HEEIEIMHELE

76 (528)

5 ERDFET, INLOERRES -

T3, HRE2BLZEIIH L., EENL F

L7 DY RCTE L NEHEOFR L HBORFL W

HAEIE, ANDEMELLTOEZEDETLH D DT,
EENSA A2, ZLTHGC D, PKGs b9
TREOHEHBEBBICBWTHNESITbA TS, ¥/
LR L EREROMEL, EROBH»LIILED,
EROBE~NFEDL. HEMHESLEOMEEBRTIILE
D, HENEBZ L3, EoIckoBEThHb, K
EICBWTHESCEOEHEMAK L EFITH LS,
INBORKEERITIZONT, REQERLIER
ELRFY, FRARELDORERZEVEETHLE
EZTW5,

ZOSBEOBRFICMbLY, FLDFAOIYHRER o7
CEILRHTE. T, COLIREHEXITTFSoT
Wahik BEE, KiE B2 R, M2 (CRB) ORI
L b RET 5. R, EENHEFRE - ey
LAFEEFGE - FHA MU, BLUCHSEIELER AT
BE R OB, XEHREL - BERMREREE - O
B L o THR SN TV S,

SCHR

1) 3 f: SRLEE, 28 @ 161-166, 2004

2) M M, K& W ka-=r¥4TrX, March
2004 : 16-20, 2004

3) B W NAAFAZVREL VI AP -, 62
468-471, 2004

FERES Vol 23 No.4 (3T 2005



4)
5)
6)
7)
8)
9)

10)

11)

12)

¥4H: 0 SRLEM, 27 : 170-176, 2003

I MR 115 0 199-208, 2003

W M Y AR, 1247 1 29-36, 2003

I M, SEAET  ESMEE 123 1 107-119, 2003

HEHARAE BRI L AR— b, 168 1 2-15, 2004
[EREHMORRERBAZT—4 ) ADER - |tk

] GEMREHL ), EHEER, 2004

Information Policy Unit, Dept. of Health : Building

the Information Core, 2001

House of Commons, Science and Technology Com-

mittee . The Work Review of the Medical Research

Council, 2003

The Human Genetics Commission . The UK Regula-

tory and Advisory Framework for Human Genetics,

20004 5 A. http://www.hge.gov.uk/raframewark.pdf

<EBEEBTQ74—N>

EH H ABSROERE T OWMEFEICOWT, HRIE
BRE» SREMEZ I LD TIEL LS. TOMICHAR
TRE L ORISR E SN, TOBET, BEWRE
DY OFMEETTHAME, TFMTEE] N LA
Hohiz, Larl, BEOBERIRT LI, FMsh,
MREIERZEELHH LS DD T ARG
B, HEEEOEMEELT, AENHRE LR
B IHE] 2LbhVWEICTIIENEETHLEE 2
A, EETOHEEINILEEEDITTE A,

EREAET COBRERICA-TH6 3E %5, RED
UL LTI ERBMOMMBORICRAEZATE, LL,
ErETAAOBMBETTLIORENE, wWollhaolzh
BYMOBME~NENLLONEEL L. §EH, HEWENR
LR T EDOTERVWIRERO®XFFM %, EBRE
OERBREPLBEALCAL, BHREE/ O®FILAH
FlHI25, BEOREICET S LICHDTENOh St

FEERES Vol 23 No.4 (T 2005 77 (529)




J-12

BEFRZEFE  Jpn J Clin Pharmacol Ther 36(1) Jan 2005 575

HER> £ 25 E HARERREESSFS 204 FE9H 17~18 8 &R
R L6 (ABMESE) | Pharmacogenomic Test

3 . Pharmacogenomic test DFJH %2 X2 53 T7ar ¥ VX

EE:

HEHIZ

L AGOFEIERN, BEBEFOMAINHLEL
bivs. BEHOLIILTEZNT, LFPEELTO
FIEENEELRY, RIEFTREHEZEF O (EHETO
EZFITRRD). LIAN, MHEIIZENRAY, £
(RO RBIEh, T ELREMOREN EERE
WZVERL, BRI EDER LOBIEA,
7, FBESNOEMIL TREIND. Z2ITiFEbiT,

BEAMCEAEEDNEL DX 1 B3B5.
BN AMEBROFIARENEFESH, BAZERS
J LEBRERRERFOEDRELLTE X DEMN
EbNT-. BERTFIEHE2OT, £FITeMER%
7 ) MERIZ Lo CHEL TEEFROEZRTEL
IO TAEZNE TELILITYERTHS.

ERLEOFEEEROLENE, 7/ LR DK
B> TIOERWEEIZRE TAZ LN TENIL,
EOENFIZLoT, RERBEELIRDLEZLNT
W5,

ZDAREIZAIY, Phamacogenomic <P
Pharmacogenetics WEEMAIEL TS, RFFTIE,
Pharmacogenomic test ZBA%E T 57 OITHLER, A
#1727 ) LR DR RE AN T IO DR EM
LS EBROBFEODOIZ, EFRFENICHRE-&
EWMEZBREITAVE IR (BROKELIRHTH
BT DOVWTIE B,

FRERF OB E RS D

AR EE 2000 FYETRR (B AEMER,
http://www.med.or.jp/wma/helsinki02_j.html)(Z33\ >
T, EFEMRELEREODDEBLWOIRBBE L RL
T3, 7. BETORL QOB ERSEFHRIZL
WTIEIFEAE DT, BT R VR FIEIER
BOEBENES, (7. Incurrent medical practice and

* EZEERELEER JCRB filg, v 7
T 158-0081 HEFHHHSZE EAE 1-18-1

fﬁ&*

in medical research, most prophylactic, diagnostic and

therapeutic procedures involve risks and burdens.) |
HEEMN4. EFOESRT BRI XS

LT ARBRII—EMRFE S D2 /RVFFFRICE 3]

- (4. Medical progress is based on research

which ultimately must rest in part on
experimentation involving human subjects.) &
E5LE, Z0 7T EDNRIEEB | DOFEFELVIFER
ICE DWW FEIRR B R E R .

~IV R EE D 1964FRIE” Clinical Research
on a Human Being”&725T\5, 247D, 19754
RREABEIE, “human subjects” &72-0 TG, HALIZIE, .
B LEMA—X—TIT> TE RO FE
M, NDEYFLLTDEFHRDOHELIZELY, A%
&S RELIELDO~EELIEZEERL TS, Z
DOERIZEY, EMZREELEEIR, THREREA
DORRETZT T, MBREMOFEOEELLHD
RIFAERBRN, FLT, ~ R EERI19.
EFEMEIL. AEDNITON 2 REFAN, ZOH
HOBRNPOFIEEFB/ON DY 2 FREMENRH D
WEIZDOAEY L &5 (19. Medical research
is only justified if there is a reasonable
likelihood that the populations in which the
research is carried out stand to benefit from the
resultsof the research) | &&~<3. Z X7
ayFIAMDPTIE, b hERBLTIESE
RIZBN T, #BREOEFICH T 2ERESR
FROR USRI L D bEE SN 2ITHERS
72vy (5. Inmedical research on human
subjects, considerations related to the
well-being of the human subject should take
precedence over the interests of science and
society) | L REENDIDTH D, THEOFEIL,
$£[ (human subjects) &{EA (the human
subject, [#BRFE ] LRRINTWD) EHEVDT
TWD.

Y X EEORD, BEAOER L, £HO



588 Y URYTLE

Rk & OMICHFET 2 —BOR L% B AR
etEst (ERR1 BET7 B) 1TV AATYeu.
I DEHOBEFHIANVIFEE L OMBEID
WBESTDOTHEH, BERBHE LTOETHEN
FELRW., E25k, ZROICATHT LI
WEWHIERBOFD, BEMRLTR - BEFO (B
DEPL I bER-STLES.

DL REEOTIC, NEREXNRE LM
ETRLHERONE LD [77ER) o IR
DEBIZSTRENTW VWO THS. 621, H
ADBFRMETIE, bt E20FTDOA%E
X & LI (AN B TORRKRMRE) | ~0
SIS HE I FL TRV,

BREEMEEDRBE L VORI AN SR,
57 LEREFA L RBOBRRS, TDOHE
HERTTWAHT, LORMEL, BRREEZO

ERERBRECEETAI>LOTHELEBELT VA,

ZFHAZ oW T ORENL, BEMFENLIThbh s &
HLOEEZTNA.

BE  -TmRELO[NEFEORTOaFTaLEFI LR

BAETIE, MEMEZDIRES ) LMEROFA
LI=EORR LARREOFATO2Tar vy
VAT DOWTERD HiF 5.

77 DERITEADONLIEOERFRE LT,
BT 24RO ERETAAEEFEFD. L
ML, EEZE, 7/ AERAREIh, £F0
iR, RBE (5ONGIEDORRE) ~&L< ALY
BNTWLIBET, LFELRERFIERT 5 (K
1). TLT, BRI LEEF, PLIEOBIERE

B GpE
: ﬁ * i f:_% ﬁ -
Y B3
- < ;

15

%

BB WL ETHY, 7/ LERNLHEIS
N2A2EOERAZEEEBYIC, BE~LBEILTS
ZEICIIBERHOHEELHDH. HE, WEOH
LWEIERCHERRBOEDLT 2K 2 D561,

[ZNTIIABRLTHRELELL DY) &5, F
e, ¥ MEROFIBICL ST, HBY ) LEE
ZHOEMATOE~DOREHIRYADIE LTS,
B1icrmT &5, EfMCLBRREE0EEN
HEb bWy, BEOEREALRTIZ, MERED
R (EBRAEL LT, ¥/ AERLVFERDER
(ZiEvy) & RARRL THRERWTT i) EWHEHR
RRHB. TEILIED, 7 LERERR
Wh, HERHEBEACYTEDSZ L2, o
FOERELITE LR\, 4%, EMOHECEKS
EIOBEERILL SO TRIERRH LN TN S,

SOEDEERAIIZ, ZRFHEOLIEMHR
IOV, RBREDLEREEE - RIS
ABTEDHLEE. fIE LT, R1ICHELR
BADBURIZDOWTD 4 HEIFER LT, Ok
Bix, 17 a%2® 5 Aig, TRV A L ek 2
ERABERRALR Y B\ LRBEEND. 2%
HBHE, FARaERIATHRI0AICTIA, L
ML, Wb ATHH 400 A2 1 AR A
B EERT.

EFDORIGE, BEADIELSEEXEDLTELIZ
BMC D, EFORIGOEEREEL AT LR
BEETHS. TLT, 4DEIRDEZ FHEET
HZET, EAMROBREICOWTEBAZEITZ
BE - HER, BLoEEOFTHHW~LEAT
W Z EREIFEENS.

s |

1108134

International T. Cancer 99 (2002)
‘90— 994 IRE, BFOF—~4

jiyel e
EOBEWFOBEXLIL, 7/ L EFREEDOEER
HY, EFCTOREEBRE - HRICEDE L,
MEPMBETIZ L&, EMREBREELE
BTAZEILE-T, VM2 HLDTHDHLEEL
bivd. BARMFEOBIRBEREZED, TORED
EEEERDLENDL, HELOBEREFTHIE
2, MEEEFAICLROLNATNS.



