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This exploratory study examines the role
of large pharmaceutical companies, the
government, universities and dedicated
biotechnology firms in the commercial-
ization of biotechnology in Japan. Based
on secondary data, as well as primary
qualitative data, we conclude that, in
particular, the low level of basic research
and deficiencies in the technology trans-
fer from universities to the private sector
have inhibited the commercialization of
modern biotechnology in Japan. Several
of the formal barriers have been removed
recently and there are already weak
signals of a bio-boom in Japan, as indi-
cated by the increasing number of newly
founded dedicated biotechnology firms.
A change in the mindset of university
professors towards entrepreneurship will
be essential for the success of commer-
cial biotechnology in the long run.

The early years

In the early 1980s, many Japanese com-
panies acknowledged the potential of
biotechnology. Interestingly, it was not
only the traditional pharmaceutical,
chemical and food processing compa-
nies that stepped into biotechnology,
but also many companies with totally
unrelated core businesses, such as steel
manufacturers and even construction
companies. In contrast to the develop-
ments in the USA, these enterprises were
mainly large companies or part of an in-
dustrial group. As a result of the oil crisis
and diminishing profits in their core
businesses, these companies conceived
biotechnology as an opportunity to
diversify their business.
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The main focus in the 1980s was in
bioprocess engineering because Japan
possesses a strong competitive position
in fermentation technology [1]. In fact,
the biggest share of research funding
was channeled into bioprocess engineer-
ing rather than into basic research in
molecular biology [2]. This strategy
turned out to be successful in some
applications of biotechnology, for in-
stance, in the production of amino acids,
antibiotics and vitamins [3]. The down-
side of this strategy was that Japan lags
several years behind the USA in ‘modern’
biotechnology, such as genomics, pro-
teomics and bioinformatics.

In the following, we analyze how cer-
tain core elements (large pharmaceutical
companies, the government, universities
and dedicated biotechnology firms) of
the institutional environment have inhib-
ited the commercialization of ‘modern’
biotechnology in Japan, and how recent
developments have started to change
the situation. This analysis is based on
secondary data, such as government re-
ports and annual reports from pharma
companies, as well as primary qualitative
data derived from interviews with entre-
preneurs and industry experts (consul-
tants, technology transfer managers) in
Japan.

Biotechnology and large
pharmaceutical companies

Most pharmaceutical companies in Japan
have previously neglected the impor-
tance of biotechnology for research and
development on drugs. Their strategy
was mainly focused on ‘me-too’ products,

such as generics, for which efficient low-
cost manufacturing was established.
However, this strategy has turned out to
be less successful. Although Japan is the
second largest market for pharmaceuti-
cals in the world, there are no Japanese
pharmaceutical companies in the world-
wide top ten in terms of sales. The largest
pharmaceutical company from Japan,
Takeda Chemical Industries (Osaka),
ranks only 14th globally. One explana-
tion is the lack of biotechnological
research know-how. Although Japanese
pharmaceutical companies have signifi-
cantly increased their R&D budget in
2001 (see Table 1) with a special focus
on biotechnology, the combined R&D
budget of the ten largest Japanese
pharmaceutical companies (473 billion
Yen, which is ~12% of 2000 sales) is
in the same order of magnitude as
GlaxoSmithKline’s R&D budget (repre-
senting 14% of 2000 sales), which clearly
shows the backlog of the Japanese
pharmaceutical industry.

Some major pharmaceutical com-
panies have started to reorganize their
efforts in biotechnology and have put
greater emphasis on research activities.
To obtain a window on innovative
technologies, which will eventually result
in new products, large pharmaceutical
companies are looking overseas for new
opportunities. Recently, many Japanese
pharmaceutical companies entered into
different types of collaborations, such
as research contracts, joint ventures
or licensing agreements with leading
US universities or specialized small-
and medium-sized biotech companies
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Table 1. R&D budgets of the ten largest pharmaceutical companies

in Japan

Company R&D-budget plan March 2001 Increase (%) compared with
(in billion Yen) fiscal year 1999-2000

Takeda (Osaka) 89 15.3

Sankyo (Tokyo) 73 13.4

Yamanouchi (Tokyo) 56 2.2

Esai (Tokyo) 53 135

Fujisawa (Osaka) 51 11.8

Chugai (Tokyo) 42 5

Daiichi (Tokyo) 40 11.6

Shionogi (Osaka) 29 8.1

Welfeid (Osaka) 20 6.2

Tanabe (Osaka) 20 2.6

Total 473 10.1
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(Table 2). In 1982, these collaborations
still had their focus primarily in market-
ing [4] for obtaining a rather rapid
access to market. Nowadays, there is a
clear tendency towards an increasing
significance of R&D partnerships. In ad-
dition, research centers and subsidiaries
of these Japanese pharma companies
were established abroad to monitor re-
cent developments in leading biotech-
nology clusters, as well as to facilitate
collaborations with researchers.
However, sourcing technology from
abroad, a classic catch-up strategy, will
only partially offset the lack of innova-
tiveness at home. To evaluate and imple-
ment the potential of the technologies

Table 2. Selection of recent collaborative activities of major Japanese pharmaceutical companies in
biotechnology (from http://www.recap.com)

Company

Takeda (Osaka)

Eisai (Tokyo)

Fujisawa (Osaka)

Chugai Pharmaceuticals (Tokyo)

Sankyo Pharmaceutical (Tokyo)

Taisho Pharmaceuticals (Tokyo)

Partner

Celera Genomics (Rockville, MD, USA)
Affymetrix (Santa Clara, CA, USA)

Human Genome Sciences (Rockville, MD, USA)
Incyte Genomics (Palo Alto, CA, USA)
Neurogenetics (San Diego, CA, USA)

CV Therapeutics (Palo Alto, CA, USA)

Arena Pharmaceuticals (San Diego, CA, USA)
Discovery Therapeutics (Richmond, VA, USA)
Genelogic (Gaithersburg, MD, USA)

Quark Biotech (Cleveland, OH, USA)

Protein Design Labs (Fremont, CA, USA)
Immusols (San Diego, CA, USA)

Protein Design Labs (Fremont, CA, USA)
Genelogic (Gaithersburg, MD, USA)
FibroGen (South San Francisco, CA, USA)
Incyte Genomics (Palo Alto, CA, USA)
Genetic Institutes (Cambridge, MA, USA)
Affymetrix (Santa Clara, CA, USA)

Quark Biotech (Cleveland, OH, USA)

ArQule (Woburm, MA, USA)

Pharmagene (Royston, UK)

Arena Pharmaceuticals (San Diego, CA, USA)
IDEC Pharmaceuticals (San Diego, CA, USA)
EpiGenesis (Cranbury, NJ, USA)

Neurocrine Biosciences (San Diego, CA, USA)
FibroGen (South San Francisco, CA, USA)
Vertex (Cambridge, MA, USA)

Quark Biotech (Cleveland, OH, USA)

Year Type of collaboration
2000 Licensing

1999 Licensing

1995 Licensing

2001 Licensing

2001 R&D collaboration
2000 R&D collaboration
2000 R&D collaboration
1999 Licensing

1999 Licensing

1999 R&D collaboration
1999

2001 R&D collaboration
2000 Licensing

2001 Licensing

2001 R&D collaboration
2000 Licensing

1999 R&D collaboration
1999 Licensing

1999 R&D collaboration
1997 R&D collaboration
2001 Licensing

2001 R&D collaboration
2000 Development
2000 Licensing

2000 Development
2000 Development
1999 Development
1999 R&D collaboration
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offered by the partner, it is necessary to
build up an in-house expertise in the
field of interest. According to Cohen and
Levinthal [5], this so-called absorptive
capacity broadens the internal know-
how base and enhances the ease of
adoption of external innovations be-
cause new technological knowledge can
be better absorbed and applied with a
basic understanding of the technology.
Therefore, it is arguable whether the
Japanese pharmaceutical industry can
take advantage of these collaborations in
the long term, without having a strong
internal research base in biotechnology.

Initiatives of the Japanese
government

In Japan, the central government has an
important role in the commercialization
of biotechnology [6,7]. There are several
ministries concerned with biotech-
nology, most notably the Ministry of
Economy, Trade and Industry (METI, for-
merly MITI), the Ministry of Education,
Science, Culture and Sports (MEXT, for-
merly Monbushu and STA), the Ministry
of Health, Labour and Welfare (MHLW,
formerly MHW) and the Ministry of
Agriculture, Forestry and Fisheries (MAFF),
which promote and guide research in
industry, universities and other national
research institutions. In the past, these
ministries have acted in a rather frag-
mented and reactive approach to
promote biotechnology. No integrated
policy among these institutions har-
monized the efforts and, often, there
existed a competition between different
projects in biotechnology launched by
each ministry. However, the different
ministries have in common that they
prioritized applied sciences in the private
sector rather than basic research in uni-
versities or other public laboratories
[8-10].

A unique feature of the Japanese in-
dustrial policy are research associations
and research companies in which up to
one dozen enterprises work together in
a field of common technical interest.

These R&D consortia are aimed at rais-
ing the level of understanding about
new technologies and enabling cross-
fertilization between companies. The
Japanese government encourages these
types of inter-firm collaborations and has
a guiding and coordinating role in the
distribution of information through its
different ministries. Although the main
focus is geared to explicitly commercial
purposes, some projects have also been
conducted in basic research by these
R&D consortia. As an example, the
ERATO projects (Exploratory Research for
Advanced Technology), organized by
STA (Science & Technology Agency) and
launched in 1981, encompassed projects
in basic research, such as research on
bioadhesives, glycobiology and brain
mechanisms, for an average period of
five years [10,11].

Although these R&D consortia had
an important role of disseminating new
projects and technology in some in-
dustry sectors (e.g. in the electronic
industry), this approach has failed in
biotechnology. Because the rationale
behind these associations has been more
a broad diffusion of information and
know-how rather than the fostering of
innovative research, these inter-firm
associations are often little more than a
distributor of funds to large, already ex-
isting firms. This strategy has turned out
to be less successful in biotechnology, as
one can see from the weak position of
the pharmaceutical industry. In the past
few years, however, some promising
new initiatives in industrial policy have
been introduced by the Japanese
government, which are outline below.

After the burst of the economy bubble
in 1990, the Japanese government redis-
covered biotechnology as one of the 15
key sectors for future industrial develop-
ment under its Action Plan for Economic
Structural Reform in 1997. In contrast
to the 1980s, the Japanese government
has acknowledged the dynamism of
small entrepreneurial businesses in high-
technology sectors. There exist several
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Figure 1. The Japanese government’s
Life Sciences budget (data from the
Ministry of Trade and Industry; see
http://www.meti.go.jp).

supporting programs for entrepreneurial
activities providing no-interest loans and
grants for individuals who want to start
their own businesses.

Another important element of the
structural reform is to push forward basic
research. Given the low level of basic re-
search in the modern Japanese biotech-
nology industry [12], the Japanese gov-
ernment has recently promoted research
carried out in public laboratories. As
seen in Fig. 1, the total funding on Life
Sciences for research institutions has in-
creased steadily to about 300 billion Yen
for the fiscal year 2000, which is then
channeled into specific projects.

Previously, each arm of the govern-
ment has launched their own projects in
an isolated manner for different areas
of biotechnology [13]. To change this
situation, the ministries concerned with
biotechnological research formulated a
joint ‘basic guideline for the creation of a
biotechnology industry’ and set up the
Life Science Council in 1999. One of the
first inter-ministerial projects in biotech-
nology was the ‘Millennium Project’,
which was initiated by former Prime
Minister Keizo Obuchi in December
1999. The main objective of this project
is to promote human and rice genome
research including efforts to decode
disease-related human genes and to
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Table 3. Japans ‘Millennium Project’ budget for promoting

biotechnology

Project name

Analysis on human genome

— Post-genome sequence

— Analysis of genome sequence
Tissue engineering

Analysis of rice genome

Assurance of safety in biotechnology
Others

Total

2000 fiscal year 2001 fiscal year

(in billion Yen) (in billion Yen)
33.8 60.6
(28.1)
(32.3)
10.8 13.1
5.6 7.3
0.4 0.6
13.5 13.7
64.1 95.3

develop a new cancer treatment. In ad-
dition, the project is intended to facilitate
the collaborations between academia,
industry and the different bio-related
ministries. The total budget of this
project is ~95.3 billion Yen in the fiscal
year 2001 compared to 64.1 billion Yen
in 2000 ( + 49% growth) as shown in
Table 3.

The success of Japan’s biotechnology
sector will strongly depend on the
degree to which the results of research
projects can be transferred to the private
sector for commercial development. The
Japanese government has, therefore,
promoted the technology transfer from
research institutions and universities
to the industry. In August 1998,
Technology Licensing Organizations
(TLOs) were established by the Ministry
of Education, Science, Sport and Culture
(MEXT) to encourage the patenting of
university research and to facilitate tech-
nology and knowledge transfer between
universities and the industry. TLOs are
intended to have a bridging function
between academia and industry to pro-
mote particularly the development of
small- and medium-sized high-tech en-
terprises. Basically, these organizations
offer support for companies, as well as
public research institutions such as
consulting services, hosting educational
seminars and information exchange.

As of September 2001, 21 TLOs were
authorized by METI. Many of these
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organizations have a special focus in
biotechnology; for example, the Technol-
ogy Licensing Offices at the University
of Tsukuba, University of Tokyo, Tokyo
Institute of Technology and Nagoya
University.

Research and educational system
at Japanese universities

At the beginning of the 1980s, the
Japanese government heavily supported
the building of production expertise in
biotechnology [2]. The majority of re-
search funds was therefore channeled
into engineering departments rather
than biology institutes. This has led to an
underfunding situation for basic research
at biology departments, which in turn
explains the low level of basic research in
modern biotechnology, an impression
confirmed by looking at the number of
publications in peer reviewed journals
and the impact of scientific papers [12].
Although the Japanese research system
emphasized applied sciences, it would
be wrong to imply that Japan entirely
ignored basic research. There do exist
several well-known research facilities,
most notably in the Life Sciences, the
Institute of Physical and Chemical
Research (RIKEN), which have an excel-
lent track record in basic research.

In Japan, any active participation of
professors from public universities with
private companies was stifled by strict
regulations. For instance, scientists in

DDT Vol. 7, No. 13 July 2002

Japan were not allowed to act as consul-
tants on a part-time basis or serve on
corporate boards. Furthermore, regu-
lations limited the amount of contract
research and thus prevented the devel-
opment of strong links between re-
searchers from the public and the private
sectors. Because professors, as civil
servants, were not allowed to accept
consulting fees, there was a lack of
appropriate incentive. This system also
discouraged academics supporting the
creation of new ventures because it was
not permitted for university professors to
start their own venture and retain their
position in the university. However, sev-
eral of these formal barriers have been
removed recently by the Japanese gov-
ernment, for example, the Industrial
Technology Enhancement Act of 1999
(Sangyo-gijutsuryoku-kyoka-hou) allows
national university professors to do con-
sulting work and to serve on corporate
boards.

However, there are still culturally in-
duced barriers towards entrepreneur-
ship. In Japan, the educational system
mainly prepares for lifetime employment
at large corporations, which offer se-
cured jobs and provide prestige for the
workers. Thus, working for a larger com-
pany until retirement is the first choice
for the brightest graduates rather than
taking the risk of setting up a new ven-
ture. If a new venture ultimately fails, its
researchers will also have difficulty in
finding new jobs. Moreover, leaving uni-
versity mid-career could interrupt the re-
searcher’s social network, which is highly
regarded in Japan. For these reasons, the
risks involved in disrupting an academic
or industrial career seem enormous
so that founding one’s own venture is
daunting for a Japanese scientist.

Dedicated Biotechnology Firms
(DBFs) in Japan

According to Bullock and Dibner [4], there
was only one Japanese firm in 1988 that
could be comparable to US biotechnology
firms. Despite the barriers, mentioned
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previously, to bio-entrepreneurship in
the educational and research system in
Japan, several new dedicated biotech-
nology companies have been estab-
lished in the past few years. Following a
rather broad understanding of dedicated
biotechnology firms, defining biotech-
nology companies as private organi-
zations, which conduct research in
biotechnology (modern as well as old
biotechnology) and which were estab-
lished after 1980, there currently exist
247 companies dedicated to biotechnol-
ogy (see Fig. 2). Given the importance
of biotechnology on the discovery and
development of drugs, it is notable that
there are only 34 biopharmaceutical
companies in Japan. Most likely, this is
caused by Japan’s weak research base
and late entry into molecular biological
sciences. As mentioned previously, mol-
ecular biology had a minor role at uni-
versities in the past so that Japan simply
did not have a deep pool of researchers
willing to start new businesses in the
area of biopharmaceuticals.

A major portion of these dedicated
biotechnology firms has been founded
in the last few years (see Fig. 3) and,
according to the Japan Bioindustry
Association, approximately one third of
these companies are established by uni-
versity researchers, one third represents
spin-offs of large and medium-sized
enterprises and the remaining are set up
by others.

By way of example, one of these
spin-offs was established by Hitachi
in 1999, to promote commercialization
of biotechnology. Hitachi’s Life Sciences
Group center for genome analysis is lo-
cated in Kawagoe, Saitama prefecture,
and is well-equipped with analyzer and
information systems. These spin-off ac-
tivities are not solely limited to large
companies because medium-sized enter-
prises are also interested in new business
opportunities based on biotechnology;
for instance, NIDEK Corporation, a
medium-sized medical device enterprise,
set up the biotechnology company J-TEC
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Figure 2. Focus of current Japanese dedicated biotechnology firms according to the Japan
Bioindustry Association, with the number of companies in parentheses. (Data from the
Japan Bioindustry Association; see http://www.jba.or.jp)
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(Gamagori, Aichi prefecture) in 1997,
which focuses on tissue engineering.
Similarly, several other dedicated bio-
technology firms have been established
in the past few years (see Table 4).

Discussion

In the preceding sections we have
described separately the role of large
pharmaceutical companies, the govern-
ment, the research and educational
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Figure 3. The number of dedicated biotechnology firms in Japan from 1990 to 2001
(as of September 2001) according to the Japan Bioindustry Association (data from the
Ministry of Education, Science, Culture and Sports; see http://mext.go.jp).
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Table 4. Selection of some Japanese start-up companies in

biotechnology

Company

Pharmadesign (Tokyo) 1999
J-Tec (Gamagori) 1999
Effector Cell (Tokyo) 1999
GenCom (Machida) 1999
CycLex (Nagano) 1998
TransGenic (Kumamota) 1997
NanoCarrier (Chiba) 1996
DNAVEC Research (Ibraki) 1995

Foundation year

Business field

Bioinformatics

Tissue engineering

Novel drugs for cancer
and allergic diseases

Functional gene analysis

Enzyme assays

Antibodies

Drug delivery

Gene therapy

system, as well as dedicated biotechnol-
ogy firms on the commercialization of
biotechnology in Japan. In general, the
low level of basic biological research in
industry, as well as in universities, and
the lack of proper collaboration between
universities, industry and the several
ministries involved in biotechnology are
regarded as some of the greatest prob-
lems. Thus, a redistribution of research
funds in favor of basic research and an
integrated effort to link research carried
out at universities with research in pri-
vate companies are needed if Japan is
to be globally competitive in modern
biotechnology.

Because large Japanese pharma com-
panies have imported new technologies
from abroad rather than collaborated
with Japanese academic scientists, dedi-
cated biotechnology firms might pro-
vide the missing link needed between
basic research at universities and applied
sciences in private companies. Often,
dedicated biotechnology companies are
established by researchers from acade-
mic institutions and therefore have strong

connections to their former universities.
This facilitates the technology transfer
and has been the major stimulus for
the successful development of modern
biotechnology. Thus, it might be fruitful
to promote entrepreneurship in Japan
to strengthen the commercialization of
biotechnology.

Although the Japanese government
has created an environment conducive
for bio-entrepreneurial activities in the
past few years, there still exists a conser-
vative attitude towards entrepreneur-
ship. Mainly, the cultural preference for
lifetime employment in universities or
companies decreases the readiness to
start risky endeavours, such as founding
new biotechnology companies. Thus, it
still requires a change in the mindset of
researchers to cultivate entrepreneurship
and foster the commercialization of
biotechnology in Japan.

Acknowledgements

We gratefully acknowledge the helpful
comments of two anonymous reviewers
on a previous version of this article.

Contributions to Drug Discovery Today

DDT Vol. 7, No. 13 July 2002

References

1

Roberts, E.B. and Mizouchi, R. (1989) Inter-
firm technological collaboration: the case of
Japanese biotechnology. Int. J. Technol.
Manag. 4, 43-61

Swanson, D.R. (1986) Entrepreneurship and
innovation in biotechnology. In The Positive
Sum Strategy (Landau, R. and Rosenberg, N.,
eds), pp. 429-435, National Academy Press,
Washington, DC

Kong, S-K. (2001) The competitiveness of
biotechnology in Japan. Int. J. Biotechnol.
3,184-198

Bullock, W.O. and Dibner, M.D. (1994) The
changing dynamics of strategic alliances
between US biotechnology firms and
Japanese corporations and universities.
Trends Biotechnol. 12, 397-400

5 Cohen, W.M. and Levinthal, D.A. (1990)

10

11

12

13

Absorptive capacity: a new perspective on
learning and innovation. Admin. Sci. Q.

35, 128-152

Brock, M.V. (1989) Biotechnology in Japan,
Routledge, London

National Research Council (1992) US-Japan
Technology Linkages in Biotechnology:
Challenges for the 1990s, National Academy
Press, Washington, DC

Office of Technology Assessment (OTA)
(1984) Commercial Biotechnology — An
International Analysis, Pergamon Press,
New York

Scheidegger, A. (1988a) Biotechnology in
Japan: a lesson in logistics? Part I: the
political substrate. Trends Biotechnol.

6, 7-15

Yuan, R.T. and Dibner, M.D. (1990) Japanese
Biotechnology — A Comprehensive Study of
Government Policy, R&D and Industry,
MacMillan, Basingstoke, UK

Schmid, R.D. et al. (1995) Biotechnology in
the Asian-Pacific Region. In Biotechnology
(Vol. 12: Legal, Economic and Ethical
Dimensions; Rehm, H-J. and Reed, G., eds),
pp. 369-432, VCH, Weinheim, Germany
Scheidegger, A. (1988b) Biotechnology

in Japan: lesson in logistics? Part Il: the
research policy. Trends Biotechnol. 6, 47-53
Reiss, T. (2001) Success factors for
biotechnology: lessons from Japan,
Germany and Great Britain. Int. J. Biotechnol.
3, 134-156

We welcome suggestions for short reports, opinion articles and full reviews for publication in Drug Discovery Today. Potential

authors should contact the Editorial Office in the first instance with a brief outline of the scope of the proposed contribution.

Article proposals should be directed to: Dr Debbie Tranter, Drug Discovery Today, Elsevier Science London, 84 Theobald’s Road,
London, UK WC1X 8RR. tel: +44 20 7611 4400, fax: +44 20 7611 4485, e-mail: DDT@drugdiscoverytoday.com).

704 www.drugdiscoverytoday.com



