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It is clear that in order for scientific
advancement to become a reality, the
exchange of views and information
among people with different back-
grounds is necessary. Thus, interna-
tional cooperation is important for the
global promotion of pharmacoge-
netics and pharmacogenomics. Unfor-
tunately, information from Asia still
seemns to be insufficient, even in the
globalized world of science and med-
icine. For this reason, we would like to
provide an overview of pharmacoge-
nomics in Japan.

INFRASTRUCTURE FOR PHARMACO-
GENOMICS LED BY THE
GOVERNMENT

The Japanese government started the
Millennium Project in April 2001 to
focus on technaological innovation
concerning three subjects: computer-
ization, an aging-society, and environ-
mental issues. These points are
expected to become more important
and urgent to the Japanese economy
as time progresses, hence any positive
developments resulting from the pro-
ject could brighten the outlook for the
future. Research and analysis on the
human genome was conducted as one
of the projects. Data on 195059 SNPs
have been obtained, and to date,
84 557 of them have been analyzed
for -their allele frequency using sam-
ples from a general population of 752
Japanese. This includes around 6000

coding SNPs (¢SNPs) for about 180
pharmacokinetic-related  enzymes.’
These data are expected to have a
positive effect on pharmacogenomic
research and clinical studies in the
future.

In October 2002, the International
Hap Map Project was started for hap-
lotype mapping. Participating coun-
tries include the USA, UK, Japan,
Canada, and China. A total of 200-
400 blood samples from Mongolian,
Caucasian, and Negro donors are to be
collected for haplotype mapping over
the next 3 years. Japan will bear one-
quarter of the responsibility for analy-
sis. The data will be published in 2004,
and their clinical application to phar-
macogenomics is expected.

The Personalized Medicine Project
{Biobank Japan Project), aimed at
optimizing drug therapy based on
elucidating a patient's genetic consti-
tution, was launched in June 2003.
Participants in this project consist of
eight medical institutes, 37 hospitals,
two research institutes, and the new
Biobank Japan. A total budget of 20
billion yen will be invested in this
project bv the government over a 5-
year period, starting in 2003. The first
order of business for the project will be
to elucidate SNPs tied to drug efficacy
as well as those related to the onset of
adwverse reactions and diseases. Over 40
such diseases will be studied, including
cancer and diabetes. The research will
be conducted using DNA and serum
obtained from approximately 300000
patients who have given their prior,
informed consent for the project.

In order to promote sample collec-
tion, the placement of trained medical

coordinators in the 37 hospitals in-
volved is now under consideration.
Security measures for the computer
systems used are also being consid-
ered. These measures include finger-
print authorization as well as a system
by which a computer will destroy itself
if sorneone makes repeated, unsuccess-
ful attempts to access restricted areas
of the databases of the participating
institutes.

Some experts say that the Persona-
lized Medicine Project should be in-
itiated only after nationwide
discussion. At the same time, high
expectations prevail because of the
success of the Millennium Project.
The promise held by the innovative
analysis techniques and the ethical
approach also have people excited
about the project. However, concerns
have been expressed over the paterna-
listic attitude many Japanese physi-
cians still harbeor. Some believe that
because of this attitude, informed
consent will not become a popular
and widespread practice. In the wake
of the various projects relating to the
human genome and genes form the
entire Japanese population, though,
the health care environment in Japan
is expected to eventually reform.

BIOETHICS

The Personal Information Protection
Law was legislated in May 2003. It has
been suggested that this law. does not
apply to fields of scientific research or
matters concerning public health and
hygiene. However, many feel that it is
in these areas where the law is most
necessary. At the express request of the
Japan Medical Association (JMA), the
Upper House Special Committee on
Personal Information Protection stated
in a subsidiary resolution that immedi-
ate consideration would be given to a
separate law for fields such as health
care. This consideration includes re-
search, development, and application
in fields where public cooperation is
vital for the establishment of advanced
technologies (such as gene therapy)
and where a high level of protection



for personal information is sought by
the public.

There are several ethical guidelines
significant to the promotion of phar-
macogenomics in Japan, including the
following:

e Fundamental Principles of Research
on The Human Genome {June/
2000)

¢ Ethics Guidelines for Human Gen-
ome/gene Analysis Research (April/
2001)

» Guidelines for Genetic Testing, by
The Japan Society of Human Genet-
ics, Council Committee of Ethics
(August/2003)

» Ethical Guidelines for Performing
Human Genetic Testing Contracted
to the Japan Registered Clinical
Laboratories Association (April/
2001) .

The second guideline is the most
important among those listed, requir-
ing compliance by all researchers in
these fields. The basic policies are as
follows: (1) respect for human dignity,
(2) adequate prior explanation and
consent by one's own free will (in-
formed consent), (3} complete protec-
tion of personal information, (4)
research conducted shall be useful
to society and shall contribute to
human intellectual advancement,
health, and welfare, (5) priority shall
be placed on the protection of indivi-
dual human rights rather than social/
scientific benefits, (6) assurance of
study adequacy by preparation of and
compliance with study protocols based
on the guideline after their review and
approval by an independent ethical
review board, and (7) assurance of
study legitimacy by third-party mon-
itoring of study performance at
each site and by publishing study
results. In total, 153 research organiza-
tions, including universities, national
and public institutions, hospitals,
and businesses, have been registered
as of October 2003. The terms ‘hurman
genome/gene analysis,’ as used in
the guideline, include analysis of
germline mutation or polymerphism,
but not that of somatic mutation,
which includes cancer, gene expres-
sion analysis, or proteomics. Clinical
studies and postmarketing surveil-
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lance are regulated by the Pharmaceu-
tical Affairs Law and are thus excluded
from the guideline.

PHARMACEUTICAL LAWS AND
REGULATIONS

There are two notifications related to
pharmacogenomics issued by the Min-
istry of Health, Labour, and Welfare.
One is ‘Clinical Pharmacokinetic Stu-
dies of Pharmaceuticals (June 1, 2001)’
and the other is 'Methods of Drug
Interaction Studies (June 4, 2001).
Both of them are concerned with
genetic polymorphisms. The necessity
for the accumulation of know-how on
pharmacogenomic methods and the
creation of an organization for this
purpose is also described.

ESTABLISHMENT OF PHARMACOGE-
NOMICS PLATFORMS BY INDUSTRY
Over the past few years, working
groups of the Japan Health Sciences
Foundation (JHSF} have conducted
investigations on genomics and issued
several reports. The JHSF then played
the role of ‘compass,” providing direc-
tion for the development of pharma-
cogenomics in Japan. A conference
entitled ‘Symposium on Genomic-
based Medicine 2003’ was held by th
JHSF in April 2003. :

In September 2000, 43 member
companies of the Japan Pharmaceuti-
cal Manufacturers Association estab-
lished the Pharma SNP Consortium to
conduct pharmacokinetic research on
Japanese gene polymorphism. Blocd
samples donated by 752 Japanese
volunteers were used in a frequency
analysis of 4272 SNPs from 202 genes
associated with pharmacokinetics, in-
cluding cytochrome P450 (CYP), trans-
porter, and esterase. Function analysis
of the gene products of some CYPs and
transporters, along with their variants,
were also conducted.? Some of these
findings have already been published,
and others will be published shortly.
Cell lines were also established from
the samples and deposited i the
Health Science Research Resources
Bank.
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PHARMACOGENOMICS IN DRUG
DEVELOPMENT
The report, ‘Clinical Application of
Pharmacogenomics,’ published by the
JHSF in April 2003, describes the
current situation and issues concern-
ing pharmacogenomics in Japan. It
also lists the results of a questionnaire
survey on clinical development using
pharmacogenomics that was con-
ducted in Japanese companies.® The
questionnaire was mailed to its 91
associate members, and the 44 that
were returned were used for analysis.
The present status of clinical devel-
opment using pharmacogenomics in
Japan is as follows: 16 companies are
investigating or are scheduled to in-
vestigate the effect of genetic poly-
morphism clinically; four clinical
studies on pharmacokinetics are un-
derway, and six studies are planned for
the next couple of years. Three clinical
studies are underway on pharmacody-
namics, and seven studies are planned.
Five companies plan prospective stu-
dies for their marketed products. The
reason why most other members are
not planning such studies is that they
have no appropriate candidates as yet.
Seven companies have already estab-
lished an organizing system for mana-
ging personal information, 15 have
started considering such a system, and
three were considering entrusting this
to an outside company. Among the
questionnaire items, questions con-
cerning the current issues surrounding
genotyping resulted in the following
replies (from more than 50% of com-
panies): ‘to get an understanding of
genotyping’ and ‘document .prepara-
tion related to the informed consent,’
these replies were followed by ‘rela-
tionship with ethics guidelines,” ‘ac-
quisition of an agreement for the
necessity of conducting genotyping
in the company,’ and ‘acceptance of
genotyping by Institutional Review
Boards.! Many companies proposed
education and the establishment of
guidelines as measures to address such
issues. Others suggested that the gov-
ernment should positively promote
participation. What must be stressed
is that the appropriate people should
make an effort to protect genetic
information and human rights suffi-
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ciently, make the information public,
and thereby obtain public acceptance.
Others looked forward to sharing an
understanding and cooperation in
order to apply the data to pharmaco-
genomics. As it is unclear to what
extent the medical environment and
infrastructure are prepared for phar-
macogenomics, there is a fear of un-
certainty about the extent to which
information or established diagnoses
can be applied clinically. Thus, the
government is required to prepare the
infrastructure, while pharmaceutical
companies positively promote clinical
studies incorporating pharmacoge-
nomics, since it is their mission to
supply better drugs by making use of
the latest scientific advances.

EXAMPLES OF
PHARMACOGENOMICS
Immuohistochemistry and flucrescent
in situ hybridization tests, used to
select patients to whom trastuzumab
should be administered, are covered by
health insurance and have already
been used in clinical practice.

Troglitazone, a drug for the treat-
ment of type II diabetes, was forced to
be withdrawn from the market in
March 2000 due to liver toxicity. A
total of 68 SNPs in 51 candidate genes
from the blood samples of 110 patients
were analyzed. The results indicated
that SNPs in the metabolic enzymes,
GSTT1 and GSTM1, might play a role
in the development of this liver toxi-
city.?

A method for predicting the ther-
apeutic effects of imatinib mesilate by
gene expression in each subject has
been developed.

Clinical trials to investigate the
therapeutic effects of gefitinib based
on changes in. gene expression have

been performed since 2001 and pro-
jects to identify SNPs related to acute
lung injury have just started.

Projects to identify SNPs related to
the effectiveness and adverse reactions
of pioglitazone, an insulin-sensitizing
agent, have begun. Any discovery
should pave the way to tailor-made
medicines as well as new drug devel-
opmernt.

Omeprazole and lansoprazole, pro-
ton pump inhibitors, are metabolized
mainly by CYP3A4 and CYP2Cl19.
Genetic polymorphisms in CYP2C19
affect these pharmacokinetic profiles.
The frequency of CYP2C19 as a poor
metabolizer (PM) has been reported to
range from 18 to 23% in Japan. PM or
an extensive metabolizer (EM) in pa-
tients is determined on an individual
basis, and their relationship with the
efficacy and safety of the long-term
administration of these products
should be investigated via postmarket-
ing surveillance.

Genetic polymorphisms in MxA and
MBL affect responses to interferon in
patients with hepatitis C. Develop-
ment of a genetic test for them on
the DNA chip is ongoing.

Genetic polymorphisms in the pro-
moter region of UGT1Al affect the
severe toxicity of irinotecan. Develop-
ment of a genetic test for them is
ongoing.

The pharmacogenomic appreach to
drug research and development by
Japanese companies is lagging com-
pared to that of European and Amer-
ican companies, although it seems
some clinical trials are being per-
formed based on SNP data obtained
in Japan. We strongly hope that the
private sector in Japan will face the
challenges of wusing pharmacoge-
nomics in drug development. The
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understanding and support of clinical
investigations is just getting under-
way. The institution of translational
research centers may be necessary, and
the importance of public acceptance
cannot be underestimated. Research
through reasonable and flexible use of
the guidelines for genome research can
be accomplished without compromis-
ing ethics. The incorporation and
resolution of all these issues will allow
us to make breakthrough advance-
ments for a brighter, healthier future,
both for Japan and worldwide.
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that have hardly been recognized up to now.

Introduction

It is well known that there are ethnic differ-
ences among genetic polymorphisms, such as
SNPs. For example, of the 452 SNPs identified
in cytochrome P450 (CYP) by the Pharma
SNP Consortium, 244 could be considered
unique to the Japanese (1), Therefore, not only
pharmacogenetic/pharmacogenomic  (PGt/PGx)
data from Western populations (Caucasian)
but also from Asian populations should be
viewed as viral to drug development and the
clinical practice of medicine in the genomic
era. For this report, the current situation of
drug development incorporating PGt/PGx
and programs aimed at establishing an infra-

. structure for PGT/PGx research in Asia will be

discussed. The information presented was col-
lected while interacting with experts in
PGt/PGx from China, the Republic of Korea,
Singapore, and Taiwan, as well as from
published marerial [21.

Guidelines on pharmacogenetics/
pharmacogenomics

The US Food & Drug Administration (FDA)
published the ‘Draft Guidance for Industry on
Pharmacogenomic Data  Submissions’ on
November 3, 2003, to encourage the use of
PGt/PGx in drug development [101). Most phar-
maceutical companies see this as a positive step.

In Japan

A draft proposal entitded ‘Submitting clinical
trials information in which pharmacogenomic
approaches were used to the regulatory agency
for making a guidance document for pharmaco-
genomic approaches on  pharmaceutical

10.1517/14622416.5.8.1023 © 2004 Future Medicine Ltd ISSN 1462-2416

it is well known that genetic polymorphisms, such as SNPs, vary between races so that not
only Western populations’ pharmacogenetic/pharmacogenomic data but also data from
Asians are viewed as vital to drug development and dinical practice. For this report, the
current state of pharmacogeneticipharmacogehomic—related activities in five Asian
countries {China, Japan, the Republic of Korea, Singapore, and Taiwan) were researched
and analyzed. The results show that there are multiple efforts underway in all of these
countries, including the examination of guidelines, the implementation of projects to
establish foundations for pharmacogenetics/pharmacogenomics, and several clinical trials,

developments’ has also been issued by the
Japanese Ministry of Health, Labor and Welfare
(MHIW) on June 8, 2004 [102,103).

There have been two notfications related to
PGt/PGx that have been issued by the MHIW.
There are the ‘Clinical Pharmacokinetic Studies of
Pharmaceuticals’ notification, which was released
on June 1, 2001, and the ‘Methods of Drug Inter-
action Studies’, issued on June 4, 2001. Both
notfications refer to genetic polymorphisms.

in Taiwan

The ‘Guideline on Ethnic Factors in the Accept-
ability of Foreign Clinical Data’ (2000) and rele-
vant notifications were issued by the
Department of Health (DoH) of Taiwan, which
are related to PGU/PGx and are expected o
encourage pharmaceutical companies to involve
Asia in multinational clinical trials that incorpo-
rate genetic polymorphism analysis.

Although no specific guidelines or notifications
referring specifically to PGt/PGx have been
released in Asia to date, most institutions have
begun the consideration of developing guidelines.

Guidelines on bioethics

When the General Conference of the United
Nations FEducational, Scientfic and Cultural
Organization (UNESCO) adopted the ‘Interna-
tional Declaration on Human Genetic Datd’ in
2003, awareness surrounding bioethics issues
seemed to be changing in most parts of the
world in response to the rapid advances in
human genome research {104). The importance of
bicethics is widely recognized in Asia, although
social values and traditions are different between
Astan and Western countries. -

Pharmacogenomics (2004) 5(8), 1023-1027 1023
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In China

At present, no bioethics-related Jaw has been
enacted; however, it has been rcporteci that they
will follow ereaties made by the United Nartions
and UNESCO, in principle.

In Japan

There is one law and four ethical guidelines that
are significant to the promotion of PGt/PGax: the
‘Personal Information Protection Law’ (May 23,
2003); the ‘Fundamental Principles of Research
on the Human Genome’ (June 14, 2000); the
‘Ethics Guidelines for Human Genome/Gene
Analysis Research’ (March 29, 2001); the “Ethi-
cal Guidelines for Performing Human Genetic
Testing, Contracted to the Japan Registered
Clinical Laboratories Association’ (April 10,
2001); and the ‘Guidelines for Generic Testing,
issued by the Japan Society of Human Genertics,
Council Committee of Ethics (August, 2003)
105,206 Among the above guidelines, the ‘Ethics
Guidelines for Human Genome/Gene Analysis
Research’ has proven to be the most important.
This guideline, which regulates human
genome/gene analysis, requires compliance by
researchers working in these fields. The key fea-
ture is the emphasis of transparency in order to
promote scientific research. Needless to say,
stressing ethics, such as informed consent, con-
fidenrtiality and having a ethics committee, is
essential. Clinical studies and postmarkering sur-
veillance are regulated by the Pharmaceutical
Affairs Law and are, as such, excluded from the
guideline. This guideline is now under review,
while the Personal Information Protection Law
shall take effect as of April 1, 2005,

In the Republic of Korea

A “Bioethics and Biosafety Law’ was passed by the
Nartional Assembly in December 2003 after
debates that lasted for more than 4 years. The law
will become effective in January 2005, and a
National Bioethics and Biosafety Review Commit-
tee will be established under direct control of the
President. Furthermore, the ‘Research Guideline
for Functional Analysis of the Human Genome’,
which was published in June, 2002, contains
autonomy, or the right to self-determination by the
potential subjects, and the protection of the indi-
vidual’s genetic privacy, in addition to cutlining the
responsibilities of the Institutional Review Board.

In Singapore
There is the ‘Ethical Guidelines for Gene Tech-
nology’ for genetic testing’ guidance in clinical

practice, which was issued by the National
Medical Ethics Commireee in February, 2001 po.

In Taiwan

There are some general bioethics guidelines,
such as the ‘Guideline on the Collection and Use
of Human Samples for Research Purposes’.
However, there are no nationwide guidelines on
bioethics concerning human genome/gene
research or genetic testing at present. Therefore,
comprehensive research guidelines for ethical
issues related to human genome studies, includ-
ing PGY/PGx, are currently under discussion at

the DoH.

Promotional activities for
pharmacogenetics/pharmacogenomics
Various actividies, such as funding, examination
of effective use, information provision and
enlightenment, are performed country-by-coun-
try at the governmental and private-sector levels

in order to promote PGt/PGx. These are
described in further detail below.

In China

The Ministrty of Health is funding disease
genomics and Chinese PGx research work. In
addition, the Chinese Pharmacology Society’s
Committee on Clinical Pharmacology is to con-
sider the measures to be taken to make use of
PGt/PGx [os).

The Chinese Human Genome Center is hold-
ing an international study meeting to promote
PGt/PGx in conjunction with the Environmen-
tal and Oceupational Health Sciences Institute
{a joint institute of the Robert Wood Johnson
Medical School and Rutgers University in the
USA) [109,110).

Lastly, a Forum of Chinese Pharmacogenom-
ics was held by the National Natural Science
Foundation of China and the Bureau of Science
and Technology to discuss the application of
PGt/PGzx to clinical practice.

In Japan

Three organisations have been active in promot-
ing PGt/PGx: the MHIW, the Japan Health Sci-
ences Foundation, and the Japan Pharmaceutical
Manufacturers Association. The MHLW has
held an internal study meeting with attendants
from both the MHIW and the Pharmacenticals
and Medical Devices Agency to consider the
measures that should be taken to make use of
PGt/PGx. Working groups from the Japan
Health Sciences Foundation has conducted
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investigations on genomics, issued several reports,
and organized a symposium to promote PGt/PGx,
which was held in Tokyo in April, 2003 11111, The
Japan Pharmaceutical Manufacturers Association
(JPMA) held a symposium o promote PG/PGx
propetly on June, 2004, in Kyoto (112). They are
also drafting an independent guidance on clinical
trials that incorporate PGt/PGx.

In the Republic of Korea
Several agencies and companies are involved in
promoting PGt/PGx research in the Republic of
Korea. The Ministry of Health and Welfare is
funding the Korean Pharmacogenomics Research
Network (KPRN), the disease genomics, patho-
genic microbe genomics and proteomic research
center [113]. The Korean Food & Drug Adminis-
tration (KFDA) is preparing guidelines for the
application of PGt/PGx for drug regulation (114},
and the Ministry of Science and Technology is
funding the National Research Laboratory for
Pharmacogenomics and is further planning on
funding research in rtoxicogenomics in non-
clinical fields 1151 In addition, the Pharmaco-
genomics Research Study Group is arranging reg-
ular research seminars and symposia, and several
international symposia have been held in the
country, including:
* Yonsei Biomedical Symposium, Seoul (Febru-
ary, 2003)
* Pharmacogenomics: Impact on Clinical Trial,
Seoul {October, 2003)
* Pharmacogenomics: A Step Toward Personal-
ized Pharmacotherapy, Busan (February, 2004)

In Taiwan
The Center for Drug Evaluation is holding inter-
nal taskforce meetings to look into current
PGU/PGx-1elated research projects and clinical
trials, as well as evaluating methods to promote
cooperation berween the DoH, the Ethics, Legal
and Social Implications (ELSI) Program, and the
Center for Drug Evaluation in order to enact
PGU/PGx-related regulations and laws f116).
Several symposia and workshops have also
been hosted in Taiwan, including:

* Taipei Science and Technology Law Forum —
Legal Reform in Response to the Bio-Tech Revo-
lution in the 21st Century (Angust, 2002)

¢ Clinical Research Seminar Series -
Pharmacogenomics and Population Pharma-
cokinetics by the Foundation of Medical
Professionals Alliance in Taiwan (FMPAT),
Taipei (December, 2002)

* Workshop on Biomedicine Research and Bio-
informatics by GigiGenomics Co., Taipei
(March, 2004)

Projects to establish a foundation for
pharmacogenetics/pharmacogenomics
The research shows that many projects to estab-
lish a foundation for PGt/PGx are underway in
Asia; many of which have hardly been recognized
up to now.

in China

The Research Center for Medication in Minorities
began in 1993 to apply PGt/PGx to clinical prac-
tice with an eye on ethnic differences for drug
metabolism and the response in Chinese minori-
ties. Many more projects, such as the Chinese
Pharmacogenomics Research Project, the Project
on the Relationship between Genomics and Severe
Diseases, the Pharmacogenomics and Mederniza-
tion of Chinese Herbs, and the Individualization
of Drug Therapy for Patients with Hypertension,
have taken place in China since 2001.

In Japan
Researchers in Japan have contributed to and are

. working on the International HapMap Project,

the Project on Realization of a Medical Care Sys-
tem in Accordance with Genetic Information
and the Pharma SNP Consortium [117]. Groups
in China and Taiwan are also working on the
International HapMap Project.

In the Republic of Korea
The XPRN and the National Research Labora-
tory for Pharmacogenomics were initiated in

2003 to apply PGt/PGx to dlinical practice.

In Singapore

As Singapore is a pluralistic society, much
PGt/PGx research focuses on the ethnic differences
among Chinese, Caucasians, Indians, and Malays.
Some research projects have been carried out at the
National University Hospital and the Natonal
University of Singapore. The National University
Hospital Pharmacogenetics Research Projects, the
national DNA bank and the Singapore Tissue
Network were also set up in 2002,

In Taiwan

The National Science Council and the DoH
began the Natdonal Rescarch Program for
Genomic Medicine in 2002, and the PGt/PGx is
set to be one of the major focuses in this program
in the next 5 years, beginning in 2004. The Super
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