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Fditor’s Note

The idea for this book was conceived in the summer of 1997,
when I traveled to Hong Kong to witness its handover to China.
I spent much of my trip reminiscing with old friends, many of
whom are scientists. I found myself curious about not only the
social, political and economic future of the new Special Admin-
istrative Region but about the future of science in Hong Kong.
Nowadays, you cannot talk about science without referring to
biotechnology, so you can say that I was interested in the future
of biotechnology in Hong Kong. Does biotechnology have a place
in Hong Kong? Can it compete with other businesses for funding
and survive?

I came to the conclusion that publishing a book about bio-
technology would be the best way to explore these questions.
Biotechnology touches almost every aspect of science, so it was
necessary to include the viewpoints of more than 30 writers. Their
opinions are laid out here, and I hope their words shed light on
the subject of biotechnology in this region.

This book would not have come about without the help of
various people. First, I would like to thank Mr. Yuk Lam Lo for
all his help. Yuk Lam was instrumental in inviting many of the
contributors and lending structure to the book. I must also thank
Mr. Michael Tam, general manager of United States-China In-
tellectual Property Institute, for his generous assistance in put-
ting this book together. My gratitude further extends to Mr. Sam
Lai, who designed the cover for the book and the flyer announc-
ing its arrival. Dr. King-Lau Chow was also involved in the de-
sign process. Of course, this book would not have happened with-
out the efforts of all our dedicated writers. Finally, I would like
to thank my lovely wife, Sharon King Lee, the real “editor” of
this book. Without her help, the publication of this book would
not have been possible.

Albert Wai-Kit Chan, Ph.D., J.D.
December 15, 1998
New York
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DPreface

We are living in the Golden Age of Biotechnology. Over the
last 30 years, a number of basic tools have been developed, thus
enabling a more clear and advanced understanding of molecular
and cellular biological fundamentals. The complete genomes of a
wide range of microorganisms and plant organelles have now
been fully determined. The completion of the optimal task of
sequencing the Human Genome is in sight. In addition, a program
is under way to determine the protein complement of cells. This
effort, termed “Proteomics,” promises to fuse the genomic
information content with the function of proteins. Finally,
advances in gene delivery technology make the promise of gene
therapy a realistic one. When all of these technological advances
are combined with the almost-daily discovery of disease-causing
genes and their underlying mutations, the challenge to produce
commercial products that will have a major impact on health care,
agriculture and other industrial processes is imminent.

In this book, a wide ranging survey of the current status of
biotechnology in Hong Kong is presented. It is the goal of this
volume to present the context for the emergence of commercial
biotechnology in Hong Kong. The first and second sections
describe the status of the industry in Hong Kong and offer
contrasts to similar developments around the world. There 1s no
doubt that, in the United States, enormous efforts in the area of
genomics and its application to drug discovery are under way.
Companies like Human Genome Sciences, Inc., Rockville, MD;
Incyte Pharmaceuticals, Palo Alto, CA; Sequena Therapeutics,
LaJolla, CA; and Millennium Pharmaceuticals, Inc., Cambridge,
MA, are forming strategic alliances with pharmaceutical
companies to develop the next generation of gene-based drugs.
Where does Hong Kong stand in this emerging market? The first
two sections describe, through a series of articles, a variety of
research cfforts in Hong Kong which range from Traditional
Chinese Medicine to agriculture to gene therapy. These chapters
review programs and initiatives currently underway in Hong Kong,
thus providing a preliminary view of the opportunities that lie ahead.

There is no question that the explosion of technology in basic
biological research has created significant opportunities for the
commercial development of DNA diagnostics, agricultural products
and gene therapies. A main point that must be considered in this new
age of commercial molecular biology is that these efforts create new
demands on government, educational, financial, and regulatory
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systems. In the specific case of biotechnology in Hong Kong, the
mechanisms for funding these efforts must be put in place, and a
work force sophisticated enough to compete on a worldwide basis
must be nurtured. In addition, the role that China will play in this
emerging biotechnology industry must be determined. The next
five sections of the book cover these issues in detail. Finally, some
current observations and reflections on Hong Kong biotechnology
from leaders in and outside of Hong Kong have been assembled to
further help put the status of the industry in context.

It is our hope in this book to explore the status and potential for
biotechnology in Hong Kong and to discuss the strengths and
weaknesses of the effort. Biotechnology is clearly the industry for the
next millennium, and its development is essential for economic
growth in any industrialized region of the world. We establish here
the potential for the development of the biotechnology industry in
Hong Kong. We thank all the authors who have contributed
insightful articles to this book and trust that their efforts will continue
to have a strong impact on the future of biotechnology in Hong Kong.
Hopefully, we raise important questions that will elicit discussion
and point the way forward in this most important endeavor.

The Honorable Raymond Ch'ien
Executive Council Member
The Government of The Hong Kong Special Administrative Region

Yuk Lam Lo

Chairman, Biotechnology Committee

Industry Department

The Government of The Hong Kong Special Administrative Region
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Chaptor 1

The Hong Kong Institute of Biotechnology, Ltd.:

Its Role in Downstream Development
in Hong Kong

By

~ Albert Y. Chang, Ph.D. ~

Director
The f[ong Kong Institute ofBioteclmo/ogy, Ltd.



18 BIOTECHNOLOGY IN HONG KONG

Albert Y. Chang, Ph.D., is director of the Hong Kong Institute of Biotech-
nology. Chang received his B.S. in chemistry from National Taiwan Uni-
versity in Taipei; his M.S. in biochemistry from the University of California,
Berkeley; and his Ph.D. in biochemistry from the University of lllinois in
Champaign-Urbana, where he also was a postdoctoral fellow in the Virus
Laboratory. Chang was formerly the managing director for pharmaceuti-
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The economic success of the Hong Kong Special Administra-
tive Region (HKSAR) of the People’s Republic of China (PRC)
has been phenomenal in the past 20 years. Its per capita
expenditure-based Gross Domestic Product (GDP) at constant
(1990) market prices rose steadily from HK$40,746 in 1975 to
HK$1,289,352 in 1995, reaching a level comparable to that of
developed countries.! In this period there were substantial
redistribution of the contribution to production-based GDP by
various economic sectors. In 1980, the manufacturing sector
contributed the most at 23.7% of the total, which was followed
closely by the financing, insurance, real estate and business
services (FIRB) sector and the wholesale, retail import/export
trades, restaurants, hotels (WRRH) sector, each at 23.0% and
21.4%, respectively.! In 1996, contribution of the manufacturing
sector dropped to the lowest spot at only 7.2% of the total, while
those of the FIRB and WRRH sectors remained at the top, each at
249% and 25.4%, respectively.! In absolute terms, the
manufacturing sector also showed a decrease in productivity
from HK$99.8 billion in 1992 to HK$80.1 billion in 1996.!

The decline in its manufacturing sector was attributed to the
steep increase of the land and manpower costs in Hong Kong that
prompted its businesses to move their manufacturing plants
across the border to South China. In order to revert this trend, both
the public and private sectors in Hong Kong have made concerted
efforts to upgrade Hong Kong’s manufacturing sector from labor-
and land-intensive industries to research & development (R&D)-
based high-tech industries. In the early ‘90s, the Hong Kong
Government Industry Department set up two funding schemes,
the Applied R&D Co. and the Industrial Support Fund (ISF), to
support R&D projects which are beneficial to the industrial and
technological development of the Region. In recent years,
funding awards have focused on high-technology industries, such
as those based on biotechnology and information technology.

To provide the basic infrastructural support to promote the
biotechnology industry in Hong Kong, the Hong Kong Jockey Club
Charities Trust (HKJCCT) which is a philanthropic organization in
Hong Kong’s private sector donated a total of HK$300 million to
establish two research institutes devoted to biotechnology R&D. The
Biotechnology Research Institute (BRI) at The Hong Kong
University of Science & Technology was given the task to carry out
the upstream discovery research while The Hong Kong Institute of
Biotechnology Ltd. (HKIB) at The Chinese University of Hong
Kong (CUHK) was assigned as the downstream development
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laboratory to support Hong Kong’s biotechnology industry. This
Chapter is devoted specifically to HKIB and its role in the
downstream development of biotechnology products in Hong Kong.

Sources of Funding

In 1989, with a one-time donation of HK$170 million from
the HKICCT, HKIB was established as a nonprofit private
company by the Council of CUHK with a mandate to achieve
financial self-sufficiency in due course. Its mission is to provide
the catalyst and essential infrastructure for the emergence of a
successful biotechnology industry in Hong Kong. Aside from
donations by the Vitasoy International Ltd. and the Wei Lun
Foundation Endowment Fund in the private sector, HKIB has
relied on ISF grants to support its industrial development
actrvities in human therapeutics, plant micropropagation,
incubation program, and consultation services. The Hong Kong
Government Industry Department has given HKIB strong
support as reflected by the success rate of its ISF proposals. Four
applications out of six were funded in 1994, five out of eight in
1995, three out of four in 1996 and three out of three in 1997.
These ISF grants enabled HKIB to gradually build the facilities
and programs necessary for the attainment of its objectives.

The facilities include the GMP Manufacturing Technology
Centre, the Incubation Programme, the Plant Micropropagation
Laboratory, etc. The programs include the Hong Kong
Pharmaceutical Technology Centre, which provides consultation
on GMP manufacturing to the local pharmaceutical industry; the
Biotechnology Information Office, which supplies information
on technology, intellectual property rights and the competition;
and, most important, the center provides a qualified and highly
motivated work force. The process of putting these facilities and
programs 1n place is discussed in the following sections.

Human Therapeutics

At the present, human therapeutics remain the most profitable
products in the global biotechnology industry. With an ISF grant
in 1994, HKIB established a multipurpose Bioprocessing Unit
(BPU) to develop manufacturing processes for fermentation-
based products on a pilot-plant scale. In 1996, with another ISF
grant, the BPU was upgraded to a GMP Manufacturing
Technology Centre (GMP-MTC). GMP-MTC is fully equipped

BIOTECHNOILOGY IN HONG KONG 21

to develop and produce clinical-grade biomaterials under Good
Manufacturing Practice (GMP) guidelines for Phase 1 and II
clinical trials of innovative products in human subjects.

HKIB’s GMP-MTC has a molecular biology laboratory to
carry out its own bioengineering projects as well as to provide
contract gene cloning services to global clients. The molecular
biology laboratory was established by an ISF grant in 1995. The
center’s process development laboratory has the capability to
develop manufacturing processes using microbial, plant, insect
and mammalian cell cultures. Its pilot plant has a fermentation
and bioprocessing capacity of 100 to 350 liters. The center’s
Class 10,000 clean room accommodates its purification suite to
process clinical grade protein or DNA products under GMP
conditions. Its Quality Control (QC) Laboratories and Quality
Assurance (QA) Office ensure that its own manufacturing
operations meet the World Health Organization’s (WHO) and
Food and Drug Administration’s (FDA) GMP guidelines.

Since the establishment of its BPU in 1994, HKIB has
actively searched for worthwhile projects to utilize its pilot plant.
Malaria remains one of the world’s major health problems and up
to 500 million people may be infected with the parasite, resulting
in approximately two million deaths annually. There is an urgent
need to develop an effective vaccine to prevent the spread of
malaria. Therefore, in 1996, HKIB applied for and was
subsequently awarded, via a competitive process, an R&D
Partnership Grant in malaria vaccine development by the UNDP/
World Bank/WHO Special Programme for Research Training in
Tropical Diseases. The R&D Partnership Grant was used to train
research personnel in HKIB’s GMP-MTC to scale up production
of a transmission-blocking malaria vaccine candidate developed
by Dr. David Kaslow, head of the Malaria Vaccine Section of the
National Institutes of Allergy and Infectious Diseases (NIAID) at
the National Institutes of Health (NIH) in the U.S. The vaccine
candidate is based on Pfs25, the predominant surface protein of
Plasmodium falciparum zygotes. The antigen TBV25H
(Transmission-Blocking Vaccine based on Pfs25 with a Histidine
tag) is expressed in yeast and its purification process uses a
nickel-NTA agarose column.? HKIB signed a Cooperative
Research and Development Agreement (CRADA) with NIAID,
NIH in January 1998.

HKIB filed a Drug Master File (Type I) on its Phase I
microbial fermentation facility with the FDA in May 1998. The
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facility was also inspected by the Therapeutic Goods
Administration (TGA) of the Australian Government, and a GMP
Certification on the facility has been issued by the TGA. NIAID
and HKIB will jointly file Investigational New Drug (IND)
applications with the FDA and HKSAR’s Department of Health
to carry out Phase I clinical trials of the TBV25H vaccine in Hong
Kong and the U.S. simultaneously. HKIB will manufacture the
bulk clinical trial materials for the Phase I human studies.

HKIB also plans to use its GMP facility to develop vaccines
and biopharmaceuticals for other life-threatening diseases such
as AIDS. A collaboration between HKIB and the Institute for
International Vaccine Development in the U.S. to develop HIV
vaccines is currently under discussion. HKIB is also actively
secking opportunities to offer its facilities and services in the
development of human therapeutics to global pharmaceutical
companies in the expansion of their businesses in China and
Southeast Asia.

Plant Micropropagation Programme

As agriculture remains one of the top-priority industries in
China, it 1s imperative for the HKSAR to develop and maintain a
judicious amount of agriculture R&D, although the HKSAR per
se lacks sufficient arable land to sustain an agriculture industry.
Therefore, HKIB established a plant micropropagation
programme with the following objectives:

* To develop mass propagation protocols of high-
value ornamental and medicinal plants.

* To develop plant cell culture technologies in a
bioreactor culture system on a two-to-20-liter
scale.

* To investigate morphogenesis events involved in
the development of propagation protocols in order
to better understand micropropagation processes
and to optimize conditions.

With ISF grants obtained in 1994 and 1997, HKIB has
successfully produced cell culture-based micropropagation
protocols for the following ornamental herbaceous plants:
Ananas, Anoectochilus formosanus, Cordyline terminalis,
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Drosera burmanii, Gladiolus spp., Jovibarba, Kalanchoe
blossfeldiana, Lilium spp., Oxalis triangularis, Platycerium
bifurcatum, Saintpaulia 1onantha Scindapsus aureus and
Spathoglottls plicata. In collaboration with a group of local
businessmen, desktop ornaments containing these live herba-
ceous plants are being produced for the mass consumer market.
Under the persuasion of its business partners, HKIB has also
embarked on the development of the micropropagation processes
of the following woody plants: Bauhinia purpurea, Armeniaca,
Cerasus spp., Camellia and Coffea arabica for the same purpose.
In addition, HKIB will transfer the developed protocols and
processes to companies that are interested in large-scale
production of these plants in the open field.

HKIB is also developing manufacturing processes for
ginseng cells in liquid cultures. A fast-growing strain has been
isolated and successfully cultured in two-liter bioreactors. Its
ginsenosides content has also been verified. The process will be
transferred to food-and-beverage companies to provide the active
ingredients in ginseng-based drinks and foods.

The Incubation Programme

The development of biotechnology products is time
consuming and capital intensive. For HKSAR to develop a
biotechnology industry, the region must provide low-cost
laboratory facilities for entrepreneurs to develop their
technologies into products. It is for this purpose that HKIB
fashioned a 16,000-square-foot, second-floor space in its five-
story R&D building into an incubator facility. The facility
provides furnished laboratories, offices, shared common-use
equipment, technical and management services, for companies to
start their R&D activities in Hong Kong. Such facilities and
services enable companies to minimize up-front investment
during the initial product- or service-development stages.
Companies can rent space at a flat monthly charge or sign up for
aback-loading scheme that allows HKIB to share profits with the
entrepreneurs. There are eight labs, each of which can
accommodate four to six persons. Presently, the facility has the
following client companies:

HKIB/Techpool Research Laboratory Ltd.
This is a joint venture company between HKIB
and Hong Kong Techpool Ltd. with the business



24 BIOTECHNOLOGY IN HONG KONG

goal of adding value to human urine-derived
biopharmaceuticals manufactured by Techpool in
Guangdong Province.

Leadergene Ltd. The Company was founded to
utilize a unique expression vector in bacteria that
facilitates the secretion of cloned gene products.
Its initial products include porcine growth
hormone-releasing factor and human growth
factors.

Cell Therapy Technologies Centre Ltd. The
Company focuses on utilizing cell therapy
technologies such as autologous cord blood
banking, etc., in medical applications.

BF Goodrich Laboratory (Hong Kong) This is
aresearch laboratory set up by BF Goodrich of the
U.S. to develop formulation technologies for
drugs, cosmetics, consumer products, etc., In
Hong Kong for the regional markets.

SGS Hong Kong Ltd. This is a testing laboratory
set up by SGS Societe Generale de Surveillance
Holding SA of Switzerland to provide to the
regional biotechnology industry testing services
which comply with Good Laboratory Practice
(GLP) guidelines.

Consultation Services

On August 30, 1995, the Pharmacy and Poisons Board of the
Hong Kong Government Department of Health issued a schedule
for implementing GMP guidelines in Hong Kong’s pharmaceuti-
cal industry. The implementation schedule was divided into three

phases. The target completion dates for Phase 1, 2 and 3 were
December 31, 1996, 1998 and 2000, respectively.

In 1995, HKIB obtained an ISF grant to set up a GMP Support
Services Unit to provide consultation on GMP implementation to
the local pharmaceutical industry. The Unit assisted two local
companies in implementing Phase 1 GMP guidelines for its
manufacturing operation in 1996. Another local company which
had been selling its products in Australia sought help from the
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Unit in responding to deficiencies cited by the Australian
Government’s regulatory agency, TGA, after an inspection in
1996. The Unit successfully provided consultation services for
the Company to upgrade its manufacturing operation to meet the
requirements. Furthermore, the Unit has supplied a wide range of
consultation services to a number of local companies in their
attempts to meet Phase 1 GMP requirements.

With the success of the GMP Support Services Unit, HKIB
was awarded another ISF grantin 1997 to expand the Unit into the
Hong Kong Pharmaceutical Technology Centre (HKPTC). A
Governing Committee consisting of representatives from the
HKSAR Government, the Hong Kong Pharmaceutical Manufac-
turers Association Ltd. and HKIB was formed to oversee the
center. Its immediate objective is to assist the local
pharmaceutical industry in meeting existing GMP requirements
in manufacturing according to the guidelines and schedule
established by the HKSAR Government. Its long-term goal is to
continue serving the local industry as it develops and upgrades
pharmaceutical technologies in Hong Kong.

The HKPTC has developed a database on the Internet to
provide information on Hong Kong pharmaceutical companies
and published a Hong Kong Pharmaceutical Industry Directory
(HKIB’s homepage features a list of Hong Kong pharmaceutical
companies: http://www.hkib.org.hk). It prepared a “General
Plant Operation Manual® with more than 100 commonly used
Standard Operating Procedures (SOP) to be distributed to local
pharmaceutical companies. The center also prepared a series of
GMP training videos and slides for local companies. It organizes
a series of GMP training courses for local pharmaceutical
industry staff. The HKPTC also publishes a quarterly newsletter
on the global development of issues related to GMP and
pharmaceutical technologies. Finally, the center offers GMP
consultation services to the local industry. Initial services
include: GMP compliance and quality management, GMP
documentation, GMP audits, plant site selection and feasibility
study, conceptual plant facility design and layout, and testing and
validation.

In 1997, HKIB received an ISF grant to establish the
Biotechnology Information Office to provide services to local
biotechnology companies who want up-to-date information on
technology, intellectual property rights, and markets, and a way
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to monitor new product development by global competitors. In
addition, the Office helps these companies promote themselves
as well as their products in the global marketplace via the Internet
and other communications channels.

The Future

Presently, with the Incubation Programme and its
consultation services, HKIB is helping Hong Kong upgrade its
existing biotechnology-based industry to meet global standards.
This will enable the local companies to add value to their existing
products and to expand their businesses in the regional and
overseas markets. With increased profit margins from their
existing products, these companies may be able to venture into
new value-added product lines that require more research and
development. In such a scenario, a R&D-intensive biotechnology
industry will gradually emerge in Hong Kong.

HKIB’s more ambitious goal is to help HKSAR further
solidify its industrial technology base by attracting multinational
pharmaceutical companies to use the region to develop and
manufacture new products. Currently, there is a worldwide
shortage of GMP facilities to produce Phase I and Il clinical grade
materials of innovative vaccines and biopharmaceuticals,
particularly those indicated for diseases prevalent in densely
populated Third World countries. Since these products present
relatively little profit incentive, global pharmaceutical compa-
nies are reluctant to invest and engage in the development of such
products. It 1s HKIB’s wish to fill this void and to play a
significant role in the global initiative to develop vaccines and
biotherapeutics to treat or eradicate life-threatening diseases such
as malaria, virulent variants of hepatitis, etc. In order to achieve
this goal, HKIB hopes to expand its capabilities in GMP
manufacturing to include a mammalian cell culture pilot plant
and a formulation and packaging facility. With its TBV25H
malaria vaccine project close to the clinical development stage,
HKIB will soon be able to establish capabilities to carry out
clinical trials under GCP guidelines. HKIB will thus build up a
vertically 1ntegrated strategy to attract multinational companies
to use HKIB’s services to develop their innovative products in
HKSAR. HKIB is located on the campus of CUHK and the
HKSAR Government is building a Science Park on reclaimed
land adjacent to CUHK. The Science Park will be available for
the global companies to use in setting up manufacturing facilities
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for products which are successfully developed using HKIB as the
contract manufacturer of their Phase I and II clinical materials. It
ts HKIB’s plan to use this strategy to attain the objective of
attracting multinational pharmaceutical companies to use
HKSAR as a center for developing, manufacturing and marketing
their innovative products.

Finally, HKIB hopes to continue the Plant Micropropagation
Programme to generate technologies that can be used to mass
produce agriculture products cost effectively on arable land by
Mainland Chinese farmers. Such a scenario is in line with the
recommendation that Hong Kong serve as the nerve center for
businesses by retaining control of off-site manufacturing on the
Mainland, a suggestion made by a group of Massachusetts Insti-
tute of Technology researchers in the recently published book,
Made By Hong Kong.?
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Traditional medicine refers to the ways of protecting and
restoring health that existed before modern medicine. They have
been passed down from generation to generation in both written
and unwritten form, and have met the needs of local communities
for many centuries.! These systems may embrace several areas of
health care, including prevention, diagnostics, medicinal treatment
and non-medicinal treatment of disease. For the purpose of this
chapter, the definition of traditional medicine will be confined to
consumable medicinal products.

In China, traditional medicine has evolved since the
beginning of civilization. The use of medicinal drugs can be
traced to 1000 B.C. Around the second century B.C., the Classic
of Materia Medica already listed 365 healing remedies. At the end
of the 16" Century, Li Shi Zhen wrote the Ben Cao Gang Mu, or
Great Herbal, where the list of remedies reached about 11,000;
the medicinal materials, mainly plant extracts, numbered 1,892.
The pharmacological value of the voluminous empirical data
accumulated over three millenniums have been affirmed gradually
with advanced research techniques.

This chapter will focus on the development of Traditional
Chinese Medicine (TCM) in Hong Kong. TCM market trends and
regulatory issues concerning TCM will be outlined first as
background. Opportunities and challenges facing Hong Kong’s
TCM industry will be highlighted in the course of the discussion.
The sketch serves as an account of the multiple factors and
synergistic efforts needed to advance the local TCM industry into
the global market.

Trends in TCM Interest
Global - Markets

Most populations in developing countries still rely predomi-
nantly on indigenous traditional medicine for meeting their primary
health care needs. During the last decade, however, there appears to
be a back-to-nature trend of avoiding synthetic medications and a
favoring of herbal products by the young and affluent in developed
nations.” The annual growth rate of herbal products, from 1985 to
1992, was 10-15% in most regions around the world. The combined
sales in major markets worldwide were reported at greater than
US$12 billion in 1994.2 While the sales of herbal products appear
impressive, they are still small in comparison to global sales of
conventional pharmaceuticals (US$195-$225 billion).*
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_ The United States herbal products industry was at US$1.27
billion in 1995, with the top 10 herbs accounting for 55% of herb
sales (Table 1).

Herb Percent of Total Sales
Echinacea 9.9%
Garlic 9.8%
Goldenseal 7.0%
Ginseng 5.9%
Gingko biloba 4.5%
Saw palmetto 4.4%
Aloe 4.3%
Ma huang and other ephedra products 3.5%
Siberian ginseng 3.1%
Cranberry 3.0%

Table 1: The top 10 bestselling herbs in the U.S.5

_ A U.S. survey released in 1997 showed that the herbal
industry has grown significantly and that the market is now esti-
mated to be $3.24 billion, with approximately one-third of the
nation’s adults using herbal remedies.® St. John’s Wort is a herb
that has recently attracted considerable attention as a treatment
for depression.® The leading uses of herbal remedies in the U.S.
are for colds, burns, headaches, allergies, rashes, insomnia, PMS,
depression, diarrhea, and menopause.’

The acceptance of alternative medicines in Europe has been
more rapid than in the U.S. market.” A survey among Member
States of the European Union in 1991 identified about 1,400
herbal drugs used in the European Economic Community. In
1993, herbal product sales in Europe (US$6 billion) far exceeded
sales in Asia, from which many of the original materials were
obtained.” In Germany alone, the largest herbal product market in
the European Union, herbal product sales reached US$3 billion
during the same period.

Global - Regulatory

Because of the regulatory policies or marketing strategies in
both the American and European markets, herbal products are
usually sold as health supplements at considerably lower prices
than conventional pharmaceuticals. The stance of the U.S. Food
and Drug Administration (FDA) has been that all drugs, whether
they are synthetic chemicals, herbal preparations, or drugs of an
herbal origin, must meet the same set of strict FDA criteria in
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order to be marketed. These regulatory hurdles have made the
development of herb-derived drugs rather unattractive. Most
TCM preparations are made up of a complex mixture of herbs and
ingredients, and the possible large number of active components
within the mixture poses a major challenge in drug development.
This challenge combined with the difficulty of securing patent
protection for natural products has also discouraged the
development of these products as drugs. Since a patent is a
condition for profitability, drug companies would not take the
risk of investing in herbal medicines without one. As a
consequence, these herbal medicines are sold as dietary
supplements, which are subject to less vigorous regulation.

FDA regulations for these supplements are relatively
stringent compared to those of regulatory bodies in other
countries. However, as the positive effects of herbal medicines
become more recognized, a more relaxed regulation of herbal
products in the West appears to be evolving. The U.S. Congress
passed the Dietary Supplement Health and Education Act
(DSHEA) in 1994, making it necessary for the FDA to reevaluate
registration guidelines for herbal medicines.® With the DSHEA,
the burden of challenging a supplement’s safety rests with the
FDA. The DSHEA defines dietary supplements and dietary
ingredients; outlines guidelines for literature displayed where
supplements are sold; provides for the use of claims and
nutritional support statements, and requires ingredient and
nutrition labeling. The act also establishes a new framework for
assuring safety and grants the FDA the authority to establish
Good Manufacturing Practice (GMP) regulations. The DSHEA
acknowledges that millions of consumers believe dietary
supplements may help augment daily diets and provide health
benefits.* The DSHEA was enacted to meet the rising concerns
about safety and proper labeling that come with an increased
acceptance and use of herbal products. The market for products
falling under DSHEA guidelines is now estimated to be $3 billion
in the U.S.

The success of the herbal product market in the European
Union in the last several years can be partly attributed to the fact
that Germany and France reimbursed consumers for 40% of all
herbal products consumed. Prior to 1994, the regulation of herbal
products in these two countries had been relatively relaxed.
Recently, there have been evolving attitudes and impending
changes in laws related to herbal products, which are encouraging
for herb-derived drug development. The European Union laws
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will soon regulate herbal medicines as drugs, basing product
registration on quality, safety and efficacy.* In order to capture a
piece of the profitable pharmaceutical market and to fully exploit
the benefits of herbal medicines, the development of herb-
derived drugs should be promoted.’

In the U.S., the FDA is exhibiting changing attitudes toward
the development of herbal products as drugs.” Workshops such as
Botanicals and the Regulatory Process (by the Drug Information
Association for FDA, Nov. 1997), the fourth in an ongoing series,
signify evolving attitudes toward herbal products. There is some
disagreement on the degree of scientific testing that should be
required to support safety and effectiveness of botanical
products. The workshop focused on these issues, from both
clinical and regulatory perspectives.!® The changing attitudes are
encouraging the development of herb-derived drugs as indicated
by the dozens of Investigational New Drug (IND) applications
that have been filed with the FDA recently. Last year’s approval
of'the first U.S. patent on an herbal composite formula could help
pave the way for its approval by regulatory bodies. Since the FDA
and US. companies are dominant forces in the global
pharmaceutical market, their shifting treatment of herbal medicine
will help legitimize the market."!

Other organizations are being set up to respond to the needs of
the fast-growing herbal products industry. The U.S. National
Institutes of Health has opened the Office of Complementary and
Alternative Medicine to evaluate herbal medicines. The World
Health Organization (WHO), through the Traditional Medicine
Programme, 1s also addressing the needs of the industry. WHO
has stressed the need for governments to formulate national
policies, study the potential usefulness of TCM, upgrade
knowledge of practitioners, and educate the public about TCM
products. Currently, WHO has 19 collaborating centers in 10
countries performing research on medicinal plants.'

Regional Trends

TCM has maintained its popularity in a number of Asian
countries. In Japan, from 1974 to 1989, there was a 15-fold
increase in the sale of Kampos (Chinese method) medicinal
preparations in comparison to only a 2.6-fold increase in the sale
of mainstream pharmaceutical products.' Kampos prescribed by
doctors can be reimbursed by health insurance agencies. Since
the establishment of the People’s Republic of China in 1949, the
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Chinese Government has promoted the complementary use of
TCM and Western medicine. This policy has helped make
affordable health care widely available and has reduced
dependence on Western pharmaceuticals, which are imported or
more expensive to manufacture.” TCM products account for 30-
50% of the total medicinal consumption in China. In 1993, the
total sales of herbal medicines in China amounted to more than
US$1.6 billion.”> Pharmaceutical sales, and TCM in particular,
can be expected to increase with the growth of China’s economy.
As the countries in Asia become more affluent, demands for high-
quality TCM products will also grow.

With the increasing worldwide interest in herbal medicines,
there has been a simultaneous increase in the international trade
of these medicines. TCM exports from China, however, currently
account for only 5% of the total world TCM exports. Despite
many years of research, a herbal drug that meets mterr‘la_tlonal
regulafory standards has yet to come out of Mainland China or
Taiwan.'T As product quality improves and international regulatory
standards change, TCM exports out of this region should increase.

With the global and regional market trends showing an
increasing awareness of and interest in TCM products, Hong
Kong must quickly secure itself in this specialized ficld of
biotechnology. Hong Kong’s TCM history, strategic location and
ability to adopt innovative strategies in technical and business
arrangements will provide it an added advantage as it pursues the
many opportunities developing in the TCM industry.

Development of Hong Kong’s TCM Industry

In Hong Kong, there are 224 establishments and 2,449 people
engaged in the drugs and medicine sector, making it the largest in
the local chemical industry. The sector accounted for 38.3% (,)f
the industry’s total establishments and 35.9% of the industry’s
total employment in 1995.” The Hong Kong Department of
Health is responsible for regulating the manufacturing and
marketing of pharmaceuticals."

About 350-500 local companies can be counted as TCM
industrialists.’* Most of them are members of the Hong Kong
Chinese Patent Medicine Manufacturers’ Association Ltd., Hong
Kong & Kowloon Chinese Medicine Merchants Association Ltd.
or Hong Kong Chinese Medicine Merchants Association Ltd.
Because of the scarce natural resources, limited arable land and
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climate, Hong Kong TCM industries emphasize processing and
distribution, instead of herb cultivation and collection. They
encompass mainly:

* Herb dealers who perform simple pretreatment
of the herbal materials and then resell them;

* TCM manufacturers who produce formulated
products using either powdered plant parts or
semi-purified extracts;

* TCM producers who provide final processing
and packaging of the imported semi-finished
products; and

* TCM distributors.

Government involvement in the regulation of herbal
medicines began only recently. A Working Party on TCM was
established by the government in 1989 and, in 1994, the
Executive Council approved the Working Party’s recommenda-

tion for initiating regulatory measures for TCM practitioners and
medicinal materials.'®

While the major share of the global TCM market is currently
dominated by Japan, Korea and Germany, the sale of Hong Kong
TCM products is largely restricted to Chinese communities
throughout the world. According to the Hong Kong Government
Industry Department 1996 report on Hong Kong’s Manufactur-
ing Industries, Hong Kong exported HK$700 million worth of
medicinal and pharmaceutical products (including non-TCM
products) in 1995, which represented a minute portion of
worldwide TCM sales of more than US$12 billion.”* Scientific
verification to define the quality, safety, and efficacy of these
TCM prod}lcts has not been available. However, substantial
expansion into the global market is now becoming conceivable
with the active participation of government and academia, as well
as collaboration with China, which has the longest history and
most active centers of TCM development.

Participation of Government and Academia

Government and academia support for TCM comes as part of
an effort to redefine Hong Kong’s role and position among the
Asia-Pacific economies, which have all experienced great
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economic changes throughout the ‘80s and ‘90s. Hong Kong has
enjoyed immense success, along with Taiwan, South Korea and
Singapore, as a low-cost producer in labor-intensive industries.
However, with raising wages and land-rental rates, Hong Kong is
losing its competitive advantage over other emerging economies
in the Asia-Pacific region.!” Over the last decade, contributions to
Hong Kong’s GDP from the manufacturing, financial and service
sectors shifted from 23%, 17.7% and 20.5%, respectively, in
1983 to 11.1%, 25.8% and 27%, respectively, in 1993." As a
result, Hong Kong had to look toward building knowledge-
oriented and technology-based industries.

This transition started with activities at tertiary educational
institutions. Measures were taken to upgrade the technological
content of industrial output by supporting university-based
research and training. Examples include the establishment of the
Research Grants Council (RGC) and a new research university,
the Hong Kong University of Science and Technology
(HKUST)." This alliance with industry could help academia further
convince the government to promote biotechnology in Hong Kong,.

Biotechnology, the technology for utilizing living organisms
to make or modify products, has broad applications in industries
such as medicine, agriculture and environmental protection.”
This area has generated a great deal of attention because of the
unprecedented promise and growth brought by rapid scientific
advances, increased government support and strategic alliances.”’
The establishment of the Biotechnology Research Institute (BRI)
at HKUST, as well as The Hong Kong Institute of Biotechnology
(HKIB) at The Chinese University of Hong Kong (CUHK), with
a donation totaling HK$300 million from the Hong Kong Jockey
Club (HKIJC), indicated the public sector’s awareness of the
potential of biotechnology.

Biotechnology Research Institute
The Hong Kong University of Science and Technology

The BRI was founded in 1990 with the mission of assisting
Hong Kong’s economic development through research,
development and training of specialists in biotechnology. This
would be accomplished by BRI’s support of research projects; its
encouragement of cooperation among government, academia,
and industry; and its ability to attract world-class scientists.
These efforts create the capital and human resources necessary to
spawn progress in biotechnology.
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Over the years, BRI has used its HK$130 million share of the
donation from HKJC to build a solid foundation for a state-of-the-
art research infrastructure which addresses carefully selected
areas of biotechnology. This infrastructure includes facilities for
animal care, plant growth, cell culture, fermentation, molecular
structure, microscopy, and nuclear magnetic resonance. BRI also
has cooperated with research and industrial organizations both
regionally and abroad in its efforts to help Hong Kong become
one of the important centers of biotechnology.

Some of BRI’s projects have traversed all phases of the
research and development spectrum, from basic research to
commercial production. For example, BRI-supported research
has led to the establishment of the Drug Delivery and Technology
Center at HKUST, funded by Hong Kong’s Industry Department,
to introduce advanced drug-delivery technologies to pharmaceu-
tical manufacturers. Other BRI-supported research resulted in the
isolation of the active ingredient in a Chinese herb which is
believed to provide protection against coronary heart disease and
possibly retard the aging process. The research findings led to the
development of health food products by the Hong Kong-based
Lee Kum Kee Group.

One of BRI’s major research focus areas is TCM. As
suggested by the Made By Hong Kong study, which was
conducted by the Massachusetts Institute of Technology (MIT)
Industrial Performance Center, TCM is entitled to the highest
priority in Hong Kong’s future biotechnological development.
The main reasons include:’

* The existence of a large library of compounds
with well-known origin and proven efficacy.
This would forego the problem of random
screening and hence reduce the time and cost
associated with product development.

* Hong Kong universities have had many years
of research and development experience in
TCM. Furthermore, the academic community
in Hong Kong has alrecady established
networks and cooperative ventures with TCM
institutions in China.
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« Many people in the Hong Kong research and
health care communities are familiar with the
various types of TCM herbal compounds and
indications. This indigenous TCM knowledge
base coupled with: (1) the ability to
communicate in both English and Chinese;
(2) the advanced information technology
available in Hong Kong; and (3) Hong Kong’s
proximity to and affinity with China, presents
an edge not enjoyed by Western pharmaceuti-
cal companies considering joint development
of herbal products in China.

BRI assessed the feasibility of an interdisciplinary research
program focused on TCM, which was subsequently designated as
a high-impact area of research at HKUST in 1997. The High
Impact Area Research Project Support Programme at HKUST
supports the research areas in which HKUST has strong reason to
believe it can emerge as having a very high impact on the needs
of Hong Kong and South China. Another milestone was the
establishment of a BRI TCM Center for Drug Development,
Safety, Standardization, and Reformulation at HKUST m 1997.
The Center aims to provide much-needed high-technology
services to the TCM industry and establish a solid basis for
collaborative efforts between the TCM industries in Hong Kong
and China. The infrastructure established will help to:

»  Furnish supporting scientific documentation
on TCM efficacy;

» Explore new therapeutic potentials of existing
TCM;

» Provide leads for new drug development;

+ Assist the local industry in refining and
improving the quality and safety of TCM
products;

« Establish standards and procedures for the
standardization of TCM products; and

»  Assist TCM manufacturers to develop new
formulations.
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Other Academic Institutions in Hong Kong

Other academic institutions have also taken active roles to
enhance the applicability and marketability of TCM products. In
1979, the Chinese Medicinal Material Research Center
(CMMRC) at The Chinese University of Hong Kong (CUHK)
was established to facilitate and promote multi- and
interdisciplinary research on TCM. Its aim is to document and
evaluate true efficacy, to explore better applications and to
upgrade the scientific contents of TCM.?* Through the financial
supports of outside donors, the Center now has its own labs and
instruments. In addition to the individual RBC grants of the
research fellows, the Center received funding from the Industry
Department in 1995 to set up a “Laboratory for the Chemical
Quality Control of Chinese Medicines and Health Foods.” It also
recetved an RGC Central Allocation grant to convert a database
into an on-line service. The Center collaborates with the Institute
of Chinese Medicine (Taiwan) and the Academy of TCM
(Betjing) to develop Chinese databases for TCM. In 1997, CUHK
received funding from the Industry Department for four TCM-
related projects (Appendix 1). A B.S. degree program on TCM
will start at CUHK in 1999.

At Hong Kong Baptist University (HKBU), a grant was
received in 1997 from the Industry Department for TCM
activities (Appendix 1). The “Institute for the Advancement of
Chinese Medicine* was established in 1997. A degree program in
TCM was launched in fall 1998 to provide students solid training
in both modern biomedical sciences and practical TCM
knowledge. The Hong Kong Jockey Club recently donated
HK$105 million to HKBU for the construction of a building for
Chinese Medicine.

The University of Hong Kong (HKU) was allocated a grant
from the Industry Department in 1995 to set up a database on
ethnobotanical drug discovery and quality assessment (Appen-
dix 1). HKU has TCM programs in its School of Professional and
Continuing Education. A degree program is expected to evolve
from this in the near future.

Hong Kong Industry Department

The Hong Kong Government has put forth several important
initiatives designed to build an industrial support infrastructure
for biotechnology. These include the offer of industrial land, the

[,
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establishment of incubator facilities, and the development of
R&D funding schemes. Indeed, the groundwork for a solid
biotechnology infrastructure foundation in Hong Kong was
enhanced by support from the Hong Kong Government Industry
Department. Several programs were implemented 1in the course
of the last three years, including the Industrial Support Fund (ISF)
Scheme, Applied Research & Development Scheme, and
Cooperative Applied Research & Development Scheme.

The ISF was introduced in 1994 with the primary objective of
developing new technologies as well as providing infrastructure
support.? The Biotechnology Committee of the Industry and
Technology Development Council (ITDC) was established to
review and identify areas of opportunities for the biotechnology
industry in Hong Kong. To date, 56 biotechnology projects have
been approved for funding. The total funding of HK$133 million
committed to these biotechnology projects since 1994 accounts
for 17.3% of the total funding approved under the ISF.** ISF has
tremendously increased the amount it allocated to TCM-related
projects, from HK$2.452 million in 1996 to HK$38.905 million
in 1997. A total of HK$49.452 million has been granted to 12 TCM-
related projects since the onset of the scheme in 1994 (Table 2).%°

Year No. of TCM Projects Funding Approved
Approved (HK$m)
1994 0 0
1995 2 8.095
1996 2 2.452
1997 8 38.905
Total 12 49.452

Table 2: TCM-related projects funded by the Industry Department of Hong Kong
(Refer to Appendix 1 for project details.)

Collaboration with China

The historical reunification of China and Hong Kong in 1997
has strengthened ties between two areas, and hence inspired
numerous opportunities for collaboration. The Biotechnology
Focus Study commissioned jointly by the Hong Kong
Government Industry Department and the State Science &
Technology Commission of the People’s Republic of China in
August 1996, identified TCM as one of the areas which presents
the highest likelihood for Hong Kong and China to build
synergism and attain success together.?
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The assessment was based on the three factors essential to a
world-class biomedical industry: capital, information and
workforce. Hong Kong’s sound financial sector and robust
service sector have the potential to be key contributors in
providing capital and information. Its bilingual and efficient
workforce can add value to products entering the global market.
China, on the other hand, can furnish technically capable product
development staff through its vast network of academic and
research institutions. There are currently 53 independent
pharmaceutical research institutes and over 100 product
development centers in China, employing over 5,500 researchers,
most of whom have been trained overseas.?

Over the last few decades, China built a significant pool of TCM
expertise and technology and gained substantial lead time in TCM
research compared to other countries starting from scratch.
Nonetheless, a globally competitive TCM industry in China is still
restricted at the product development and commercial phase. Hong
Kong, with its strong business infrastructure of communication,
market information and international connections, can offer China
the business know-how to refine and commercialize its TCM
research results. These complementary roles provide a solid
foundation for fruitful collaboration between China and Hong Kong.

~ The partnership is further strengthened through frequent
interactions between institutions in China and Hong Kong. BRI, for
example, n its efforts to expedite TCM development, has signed
collaboration agreements with the National Research Center for the
Technological Modernization of Chinese Medicine and the
Chengdu Diao Pharmaceutical Company of Academia Sinica. It also
sponsored a symposium at HKUST on “Advancing the TCM
Industry into the Next Century: Current Challenges & Issues” to
provide a forum for representatives from China, Hong Kong,
Taiwan, the U.S., and Japan to review selected issues that are crucial
to the development of the TCM industry.

~Active academic involvement, a large governmental
investment and political and geographical ties to China should
provide the foundation for the emergence of a prosperous TCM
mdustry in Hong Kong.

Challenges in TCM Development

To achieve broader applicability and customer acceptance of
TCM products in the global market and to ensure future growth in
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this industry, several areas of TCM development must be
addressed. These areas include the scientific verification of the
therapeutic actions of TCM products, the development of a new
generation of herb-derived drugs and the improvement of
existing TCM products by focusing on standardization, quality,
safety, and reformulation. Hong Kong’s research institutes,
manufacturers, and government can all play a part in developing
or improving TCM products.

Drug Development

The scientific merits behind TCM have been a subject of great
controversy. Despite the extensive utilization of TCM products
by a large population, the chemical basis of therapeutic actions
remains relatively unexplored for most products. The therapeutic
effect of a few TCM herbs has been scientifically proven, and
they represent a promising source of new pharmaceuticals.

Scientific evidence shows TCM working effectively where
conventional therapies have failed. For example, a randomized,
controlled clinical trial conducted in Japan showed that sho-
saiko-to, an extract of seven Chinese herbs, helps prevent liver
cancer in patients with cirrhosis.2® With runaway costs for drug
development ($125-350 million over a five-to-10-year period),
pharmaceutical firms are paying more attention to TCM as an
alternative source of potential drugs.” During the 1980s, Merck
and Co., Inc. and Upjohn Co. participated in collaborative efforts
with Chinese institutions to evaluate Chinese herbs. As aresult of
these joint research efforts, a number of bioactive natural
products were discovered. In 1995, New York-based Pfizer Inc. and
the Academy of Traditional Chinese Medicine in Beijing entered a
three-year agreement to study TCM. TCM, however, still remains
relatively under-studied by U.S. pharmaceutical firms.”” This may be
attributed to a combination of cultural differences plus concerns over
regulatory issues. Regulatory hurdles have thus far impeded the
development of herb-derived drugs, but measures are now being
taken to further scientific research on herbal remedies as an
alternative approach to the discovery of new therapies.

A growing amount of research data has suggested that
scientific basis underlies the actions of TCM. The potential
rewards justify the challenge of sifting through this wealth of
knowledge and integrating it with conventional medicine. The
practice of combining several herbs comes from the belief that the
multiple ingredients interact with each other to produce
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synergistic therapeutic effects. This ancient concept is not readily
compatible with modern medical theories. Thus, investigations
into TCM conducted with theories and methods of modemn
science may also enrich Western medicine through the
introduction of such new ideas and concepts.”” The challenges
that lie ahead:

* Determining the efficacy of known TCM
products;

* Scientifically verifying the therapeutic action
of known TCM products; and

» Screening for drug candidates.

On top of these challenges would be the need for expertise in
the understanding of international regulatory standards.
Determining the scientific merits of TCM products is a crucial
step toward promoting their greater acceptance within the
scientific community as well as by consumers and government
regulatory bodies. The screening of these TCM products for
potential drugs could lead to a new generation of TCM-derived
drugs and would help capture a sharec of the profitable
pharmaceutical industry.

Within the BRI TCM Center at HKUST lies the Bioassay and
New Drug Facility. The major aim of the Facility is to document
the efficacy of existing TCM products and to provide a scientific
basis for their actions using a variety of modern research tools.
Moreover, the bioassay approach may uncover new therapeutic
sites of action for existing TCM products. Promising drug
candidates will be evaluated in this Facility. Modern approaches
to drug discovery rely, to a large extent, on the use of molecular
and cellular models instead of animal disease models as screening
targets. A number of investigators at BRI and HKUST are well
established in specific areas of molecular and cell biology and are
utilizing their discoveries as TCM drug screening targets for new
drugs. Developing new drugs based on leads from Chinese herbs
has an advantage over random screening (indiscriminate testing
of synthetic or natural products for biological activity), since it is
guided by experience from a long history of clinical practice.
According to A Pictorial Encyclopedia of Chinese Medicine,
almost 7,300 plants have been used in TCM, and about 60 new
herb-derived drugs have been developed by Chinese scientists
over the last 40 years.?
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Several substances in TCM show pharmaceutical promise:

A Chinese medical book written 2,000 years
ago described the herb Artemisia annua as a
remedy for malaria. Following this indication,
Chinese researchers started to evaluate
various extracts of the plant during the late
1960s. After initial failure, bioactivity-
directed isolation finally yiclded a new
antimalarial drug, artemisinin (qinghaosu), in
1972.%

Huperzine A, a novel Lycopodium alkaloid
discovered from the Chinese medicinal herb,
represents one highly promising compound
for the treatment of Alzheimer’s disease.
Huperzine A has demonstrated potent
memory-enhancing actions, long half-life,
good blood-brain barrier penetration, and few
side effects.®® These findings have largely
resulted from studies conducted at the
Shanghai Institute of Materia Medica of the
Chinese Academy of Sciences. In collabora-
tion with these scientists, investigators at BRI
are continuing studies on Huperzine A.

The Institute of Zoology at Kumming (of the
Chinese Academy of Sciences) has generated
a large selection of lead compounds which
have originated from animal and insect
sources. For example, neurotoxin isolated
from snake venom has been shown to exhibit
potent analgesic effects and may hold the key
to the treatment of narcotic drug addiction.
BRI plans to elucidate the mechanisms of
action of these potentially marketable
products using a variety of biological assays.

BRI isusing high throughput screening assays
that can identi[gy novel lead compounds from
TCM that can be tested for their therapeutic
potential in the treatment of various
neurodegenerative diseases. Research col-
laborations are underway with TCM research
institutions in China to study potential drug
candidates for memory enhancement, epi-
lepsy and insomnia.
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Through scientific verification of the therapeutic actions of
TCM products and the development of TCM-derived drugs, the
short-term solution of selling TCM products as health
supplements can gradually be overcome.

Standardization and Quality Control

In order to harness the medical and commercial potential of
TCM and promote its wider acceptance in countries outside Asia,
not only does the effectiveness of TCM products have to be
proven by established scientific criteria, TCM products must be
formulated and prepared according to Western pharmaceutical
quality control standards. The composition of Western
pharmaceutical products is precisely defined, and both the nature
and amount of cach chemical substance contained in the
preparation are exactly known. In fact, the effectivencss of
individual ingredients must be proven scientifically in order to
obtain approval for the marketing of the wholc preparation. In
contrast, TCM products are based on naturally occurring
substances, predominately herbal and animal, and typically
consist of mixtures of ingredients, the precise chemical
composition of which has not been established in detail.

Standardization and quality control of Chinese medicinal
materials are almost nonexistent. Primarily, standardization and
quality control have been conducted through subjective means,
such as visual examination and scent. These methods are not
sufficient or acceptable if TCM products are to gain wider
acceptance in the global market. Herbal materials bearing the
same common name may be chemically different due to
variations in growing conditions, environmental factors, age, and
even time of harvest. Any variation in the chemical composition
of a plant material may affect the therapeutic efficacy of the
formulation and, thus, its medicinal quality and value. For these
reasons, the establishment of strict standardization and quality
control measures are necessary.

With the belief that the therapeutic effectiveness of TCM is
based on the combination of active ingredients rather than on
single, chemically defined substances, there appears to be a
potential conflict between the requirements for the approval of
TCM products in the framework of the international regulatory
environment and the very nature of the practice of TCM. With the
complex and variable nature of herbal formulas comes the
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challenge of developing new methodologies and techniques that
are suitable for probing such systems. Only recently has chemical
fingerprinting been explored as a method of authentication for
some TCM products. The present trend is to adopt the system
used for Japanese Kampos, namely the HPLC profile of a
reference standard for each registered product. Ideally, when
deciding which of the many chemical ingredients are most
important for the purposes of standardization, it is obvious that
those producing major biological effects should be selected.
Unfortunately, for most Chinese herbs, the active principles are
not known. In such cases, the most abundant of the chemical
constituents, which may or may not be proven to be the active
ingredient of the product, will be used as the marker for analysis.
Other methods of standardization have been introduced recently,
including the DNA fingerprinting approach for the identification
of plant species.”!

Hong Kong TCM manufacturers are taking steps to improve
their standards and quality control. TCM manufacturers in Hong
Kong and China must upgrade their manufacturing facilities in
order to register their products and sell them overseas. For
example, they should strive to meet the Good Manufacturing
Practices (GMP) guidelines of the countries where they seek
approval for their products. A major Hong Kong TCM
manufacturer has already succeeded in gaining approval from the
GMP auditing officer from the Therapeutic Goods Administra-
tion of Australia. The government of Hong Kong is in the process
of enforcing GMP for manufacturing Western drugs and
guidelines for TCM manufacturing are expected to follow.

With the research institutions finding new methodologies to
standardize herbal mixtures, the government implementing
regulatory guidelines, and TCM manufacturers undergoing
changes to meet both local and international standards, Hong
Kong is taking steps toward the modernization of TCM products.

Safety

Safety is an important issue with regard to the use of TCM. In
order to promote and develop herbal medicines, the safe use of the
products must be fully investigated. Cases of inadvertent herbal
poisoning following ingestion of TCM products that were
contaminated with toxic plant species that resembled the
prescribed medicine (e.g. Clematis chinensis and Podophyllum
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emodi) have been reported repeatedly in Hong Kong and
elsewhere. The herbal poisoning incidents have resulted in
nausea, numbness of the limbs and even brain damage. In the
worst cases, ingestion of the root of Aconitum carmichaeli and
Aconitum kusnezoffii have resulted in death. In 1989, the
Secretary of Health and Welfare appointed the Working Party of
Chinese Medicine to make recommendations for TCM
regulatory measures in Hong Kong.

The TCM Safety Information Center, at HKUST, has
established a database of existing chemical and biological data on
medicinal plants and other natural products from scientific
literature. This database is useful to TCM industrialists, research
scientists and regulatory agencies both locally and abroad.

The BRI TCM Center at HKUST is in the process of setting
up chemical and biological assays for safety tests; developing and
validating new methods for testing; and establishing TCM safety
guidelines. Chemical assays are designed to test for: (a) marker
compounds or active ingredients to ensure the correct identities of
plant materials; (b) contamination by heavy metals; (c)
contamination by microbial toxins; and (d) contamination by
residual pesticides.

TCM biological assays for safety studies are required to
supplement human experience in defining possible toxicity that
may occur after short-term and prolonged exposure. WHO has
published Research Guidelines for Evaluating the Safety and
Efficacy of Herbal Medicines (1993), in which research criteria
for evaluating the safety of herbal medicines are provided.!
Safety tests include: (a) systemic toxicity tests for acute and chronic
toxicity in animals, (b) local toxicity tests, such as skin irritation and
allergy assays, and spemal toxicity tests, suchasmutagemc1ty (Ames
Test, chromosomal aberration, and micronucleus assays, etc.)
carcinogenicity, teratogenicity and liver toxicity.

The current drug registration process in all developed
countries requires a series of studies in laboratory animals to
prove the safety of the experimental drug before clinical trials are
performed on human subjects. The animal studies must be
conducted in compliance with the Good Laboratory Practice
(GLP) guidelines. China is now in the process of setting up GLP
animal toxicology laboratories.> Hong Kong is well positioned to
play a supporting role in providing modern analytical
laboratories for the preclinical development of TCM products.
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Reformulation and Packaging

Many new TCM preparations have appeared in the market in
recent years. However, the formulation of most products remains
relatively primitive and thus limits the medical application and
market. With recent advances in pharmaceutical formulation
technology, many traditional dosage forms can be reformulated
to achieve wider applicability and customer acceptance.
Reformulation, for instance, can mask the unpleasant odor of
some TCM to improve customer acceptability. Transdermal
technology can be applied to many TCM topical formulations,
which are proven remedies for sports injuries. Tablet-making, in
the form of liquid or solid encapsulation can be applied to TCM
to develop new and improved dosage forms. For the consumer,
reformulation will improve the taste, appearance and portability
of such medicines. For the manufacturer, reformulation to new
dosage forms would not only facilitate the shipping and
transportation of TCM products but, more importantly, increase
the products’ market and expand their applicability. Furthermore,
the stability of existing TCM formulations which can be affected
by moisture, temperature and light can be improved through
reformulation so that maximum shelf-life is achieved.

Hong Kong research institutes can foster these reformulation
projects that will ultimately modernize TCM products. The BRI
at HKUST has already established working relations with
companies and research institutions to develop novel drug
formulations. For example, BRI is currently working with a local
TCM manufacturer to help it change its 100-year-old liquid
formulation into a modemn solid dosage form. BRI is also funding
a project at HKUST to apply transdermal technology to health
care products manufactured in Hong Kong.

New packaging processes and materials offer technological
advantages by prolonging shelf-life, improving user-friendliness,
and increasing cost-effectiveness.? Hong Kong manufacturers are
market-driven and quick to respond to changes in customer taste.
Thus, these manufacturers can assist Chinese TCM manufactur-
ers in repackaging their products to meet market trends.

Conclusion

The international biotechnology industry is demonstrating
unprecedented growth and promise brought on by innovative
scientific advances, changing government policies and strategic
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scientific advances, changing government policies and strategic
research and business alliances. Hong Kong must quickly secure
its place in this fast-growing industry. TCM has been identified as
the sector of highest priority for biotechnological development in
Hong Kong. Why select TCM? The trend in the herbal market has
been toward greater awareness and acceptance of herbal
products. The sales of herbal products have been increasing
steadily over the last decade, with European countries taking a
slight lead in accepting these alternative remedies. Because of
regulations in both the U.S. and Europe, herbal products have
largely been sold as health supplements. However, evolving
attitudes and impending changes in law encourage the
development of herb-derived drugs and present an opportunity to
capture a portion of the lucrative pharmaceutical industry.

To respond to the global market and regulatory changes, Hong
Kong must take advantage of its TCM history, strategic location and
innovative business strategy to develop TCM products and TCM-
derived drugs. Hong Kong’s history as the largest trading center of
TCM and TCM-based products, together with the strategic location
to China, gives it an edge not shared by Western pharmaceutical
companies. This closeness to China has fostered the establishment of
networks and cooperative ventures with TCM institutions in China.
Hong Kong’s research institutions, which have had many years of
research and development experience in TCM, have been
generously supported by the local government to establish the
infrastructure needed for the development of the TCM industry.

Several areas of TCM development need to be addressed by
not only research institutions, but also the local government and
TCM manufacturers. The areas include the scientific verification
of'the therapeutic actions of TCM products, the development of a
new generation of herb-derived drugs, and the improvement of
existing TCM products by focusing on standardization, quality,
safety, and reformulation. The BRI TCM Center at HKUST 1s
tackling these challenges with the goal of giving TCM products
broader applicability and customer acceptance in the global market
and, ultimately, to ensure continuous growth of the TCM industry.
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APPENDIX 1

Project Title
“A Database on Ethnobotanical Drug Discovery & Quality
Assessment” (1995)

Funding Approved (HK$m): 0.992

Summary

The project aims to use modern biotechnological methodology
and analytical instruments to conduct quality assessment and
characterization of the major ingredients in various Chinese
herbal medicines. Consultation services will also be provided to
Chinese medicines manufacturers.

Project Title
“Laboratory for Quality Control of Chinese Medicines and Health

Foods Based on Chemical Components” (1995)
Funding Approved (HK$m): 7.103

Summary

The project aims to establish a quality control laboratory to
conduct definitive assessment and determination of various
components of Chinese medicine or health food product. The
center will also offer consulting services and assistance to
manufacturers and other potential users in respect of quality
control of Chinese medicines and health foods by examining their
bioactive and chemical components.

Project Title
“Conference on Quality Assessment and Control of Herbal

Products” (1996)
Funding Approved (HK$m): 0.1

Summary

The project aims to hold a conference which will serve as a forum
to exchange views and experience on herbal products among
manufacturers, professionals, scientists from China, Hong Kong
and other countries.
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Project Title
“A Safety Service Center to Enhance Credibility and Competitive-
ness of the Traditional Chinese Medicine Industry” (1996)

Funding Approved (HK$m): 2.352

Summary

The center aims to provide inquiry services on herbal safety
issues to the general public and the TCM industry, and to assist
the industry in filing foreign import approval for herbal products.
In addition, a database of herbal safety documents will be set up
and seminars on herbal safety issues will be organized.

Project Title
“Traditional Chinese Medicine and Database of China and Hong

Kong” (1997)
Funding Approved (HK$m): 3.285

Summary

The project aims to establish a database which will provide
information on TCM resecarch and development (R&D) activities
in Hong Kong and China. This database will be updated annually
and its content will include R&D activities and results,
supporting infrastructure, existing products and manufacturers,
licensing and patent information, as well as investment
opportunities.

Project Title
“The Establishment of a Traditional Chinese Medicine Center: Drug

Development, Safety, Standardization and Reformulation.” (1997)
Funding Approved (HK$m): 13.57

Summary
The project aims to establish a TCM center to:

(1) Provide supporting scientific documentation on TCM
efficacy and safety;

(2) Explore new therapeutic potentials for existing TCM;

(3) Develop new drugs;
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(4) Provide strategic planning and coordination for marketing
TCM products; and

(5) Facilitate liaisons with pharmaceutical companies for joint
ventures in TCM development.

Project Title
“Chemical Quality Control of Chinese Medicine as a Support for
Export of Proprietary Chinese Medicines” (1997)

Funding Approved (HK$m): 2.448

Summary

The project aims to assist local TCM manufacturers to set up
protocols and specifications for quality control of their products,
and to help them seek approval for exporting their products to
China and other countries. Workshops and laboratory
demonstrations to quality control of TCM and health food will
also be organized at least once every six months.

Project Title

“Development of Manufacturing Protocols for Improved Production
of Standardized Quality Control for Mushroom Nutraceuticals from
Ganoderma lucidum”

Funding Approved (HK$m): 1.112

Summary

The project aims to develop manufacturing process for the
increased production and retrieval of bioactive polysaccharide /
polysaccharide-peptide substances of reproducible quality from
Ganoderma lucidum. Key physiological and nutritional
parameters 1dentified will be extrapolated for polysaccharide /
polysaccharide-peptide materials with high yield. In addition,
different downstream protocols will be examined to reduce
adverse effects on the product quality and to maximize product
retrieval.

Project Title
“A Preclinical and Clinical Validation of Fructus Crataegi and
Green Tea in Lowering Blood Lipids™ (1997)

Funding Approved (HK$m): 7.311
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Summary

The project aims to develop a program in which Fructus crataegi
and green tea can be validated under the new guidelines of the
Dietary Supplement Health and Education Act. The project team
will develop extracts from Fructus crataegi (commonly known
as shanzha) and green tea, and will prove their effectiveness in
lowering blood cholesterol.

Project Title
“Laboratory for the Modemization of Chinese Medicine -

Standardization of Chinese Medicinal Materials™ (1997)
Funding Approved (HK$m): 8.613

Summary
The project aims to:

(1) Establish standards of 10 selected materials for the U.S.
dietary supplement market through chemical studies;

(2) Establish an information base of chemical components
derived from TCM materials with health care and therapeutic
value;

(3) Harmonize internationally the standards of those Chinese
medicinal materials established in the project through a
regional consortium; and

(4) Obtain novel pharmacologically active substances, single
compounds or mixtures to further develop new drugs or
dietary supplements.

Project Title
“Discovery of Traditional Chinese Medicine-Derived Saponins with

Anti-Tumor and Cardiotonic Activities for Use as Health Food
Supplements or Therapeutics” (1997)

Funding Approved (HK$m): 1.958

Summary .

The project aims to utilize advanced screening techniques to
search TCM-derived saponins with anti-tumor and cardiotonic
activities. The deliverables of the project include:

(1) Development and transfer of the technology for efficient and
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large-scale screening of TCM-derived saponins with anti-
tumor and cardiotonic activities

(2) Discovery of novel pharmacologically active saponins or
further development into health food supplements or
therapeutics

(3) Organization of workshops and seminars, and

(4) Provision of technical consulting services in screening
technology to the local industry

Project Title
“International Symposium on The Worldwide Herbal Industry:

Present & Future” (1997)
Funding Approved (HK$m): 0.608

Summary

The project aims to organize an international symposium on the
The Worldwide Herbal Industry: Present & Future on 15-17 July
1998. The tentative program includes the following topics:

(1) Drug discovery from herbal medicines,

(2) Gene and plant culture technology in herbal medicines,
(3) Quality control of herbal medicines,

(4) Clinical studies of herbal medicines,

(5) Regulation of herbal medicines and

(6) Manufacturing and marketing of herbal medicines.
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The Growing Market for Herbal Products
and Related Consequences

Medicinal plant products in various forms have been avail-
able for many hundreds of years for treatment of diseases in both
the East and the West. A number of drugs used nowadays have
their origin in natural sources, ¢.g., aspirin, morphine and Taxol.
In fact, about one-quarter of the marketed orthodox pharmaceu-
tical medicines is derived either from plant sources or from de-
rivatives of secondary plant metabolites. Table 1 summarizes
some of the well-known pharmaceuticals originated from natural
products. Yet the development of new drugs from natural sources
1s not very encouraging. Several factors are responsible for this
observation. At present, of the approximately 2,000 varieties of
minor illnesses and serious diseases, only 40% can be cured us-
ing conventional orthodox pharmaceuticals. Various chemicals
and biotechnological products are being screened by pharmaceu-
tical industries in the hope of discovering new cures. At the other
end of the scale, the World Health Organization (WHO) in a recent
survey observed that 80% of the world population, in particular those
from developing countries with poor economies, depend on tradi-
tional (mainly herbal) medicine for primary healthcare.

Table 1. Some Examples of Pharmaceuticals Developed from Natural Products

DRUG PLANTS INDICATIONS
Aspirin Willow Bark Anti-inflammatory
Morphine, Codeine Opium Poppy Narcotic analgesic
(ocaine (ocoa Leaf Psychotic
Ephedrine Mahuang Sympathomimetic
Atropine and derivatives Belladonna Leaf Anticholinergic
Tubocurarine Curare Muscle relaxant
Vinblastine, Vincristine Pink Periwinkle Anti-cancer
Artemisinin (qinghaosu) Qing Hao Anti-malarial
Taxol Pacific Yew Tree Anti-cancer
Polysaccharide peptides (PSP) Yun Ihi (fungus) Immuno-active
Compound Q, GLQ233 Tian-hua-fen Anti-AIDS

Failure of Conventional Research
to Fully Use Medicinal Plants

A majority of the pharmaceutical industry has followed the
conventional drug discovery paradigm that mainly concentrates
on the identification of a target (a receptor, an enzyme or an in-
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terfering microorganism) whose modulation is implicated in a
particular disease. The screening of synthesized novel chemicals
interacting with this target has been the conventional basis of
new drug discovery. While many established pharmaceutical
companies are involved in natural products discovery, their ac-
tivities focus on identifying a single chemical active in these sys-
tems. Screening for new leads from plant extracts or other natu-
ral products using conventional extraction and approaches has
not produced many new leads. One pharmaceutical company re-
ported to WHO that it failed to isolate active compounds from
Indian herbs after 15 years of research and development. One of
the many reasons for this failure is that the research approach for
orthodox screening and synthesis of compounds is not suitable
for all medicinal plants which have demonstrated therapeutic
activities when used according to the traditional way.' Neverthe-
less, the search for new leads for therapeutic agents from natural
products has not stopped.” On the other hand, clinical trials on
the efficacy of traditional herbal remedies have supported the
introduction of some natural products. They are cranberry juice
for urinary retention; garlic for reducing high blood pressure and
cholesterol; ginger for motion sickness and postoperative eme-
sis; Zemaphyte (a TCM herbal formula) for severe atopic eczema
and related skin disorders that were resistant to orthodox treat-
ments;® tea-tree oil for acne; valerian for treatment of anxiety;
and feverfew for migraine prophylaxis. Many traditional medi-
cines are used for severe conditions which are poorly treated by
orthodox or conventional medications.

According to a survey in one publication, the top 25 best-
selling herbs in 1996 were: Aloe, Coyenne, Danggui, Ephedra,
Garlic, Ginkgo, Goldenseal, Hawthorn berry, Liquorice, Pau
d’Arco, Red Clover, Siberian Ginseng, White Willow, Astraga-
lus, Chamomile, Echinacea, Feverfew, Ginger, Ginseng, Gotu
Kola, Hops, Milk Thistle, Peppermint, Saw Palmetto and Vale-
rian.* More interestingly, the same publication noted that repu-
table companies have been acquiring smaller herbal manufactur-
ers over the past few years.” A positive way of looking at this is
that pharmaceutical companies would like to develop new treat-
ment entities from herbal sources. A negative view might be that
bigger pharmaceutical companies could hinder the development
of herbal products because of their closed-shop point of view.
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The Use of Traditional Chinese Medicinal (TCM)
Herbs and Herbal Products in the West

In this era of advances in biomedical science and technology it
is astonishing that consumers in rich, developed countries spent an
enormous amount on over-the-counter (OTC) herbal products and
related complementary therapies. Of these products, TCM received
the most attention and recently has gained popularity in the West.
Over the past 10 years several reviews have been written on the
development of plant-derived drugs in China;® the contribution of
TCM to modern pharmacology;’ advances in natural product phar-
macology in China;® the philosophical theory of Yin and Yang in
the practice of TCM;” and the historical progress of TCM. " Increas-
ing information on TCM has been published in English, and the
debate about the efficacy of TCM products has begun.'!

The recent popularity of Zemaphyte (a TCM composite pre-
scription consisting of 10 different herbs in the form of an aque-
ous decoction) for the successful cure of atopic eczema that has
been resistant to orthodox treatment has created greater interest
in the use of TCM herbs and proprietary products.’ Increasing
concern and fear has also been expressed concerning the unsu-
pervised use of TCM, the efficacy, toxicity and quality of these
natural products, as well as the legal responsibilities of practitio-
ners. Inclusion of orthodox medications such as antibiotics, non-
steroidal drugs and steroids in TCM ready-made products was
not considered a positive attribute of TCM 1n the West."> The use
of fake or inappropriate herbs has contributed to a negative opin-
ion about the safety and efficacy of TCM products."’ Many popular
and expensive TCM herbs are in short supply, and inferior sub-
stitutes or fake crude herbs have been found on the U.K. mar-
ket.'* Thus, the increasing popularity of herbal products as medi-
cations and food supplements has also produced fear about their
quality, safety and efficacy and uncertainty about their active
compounds."

Tables 2 and 3 summarize our recent surveys on the use of
TCM crude herbs and ready-made TCM products in the U.K.'
These are supplied by importers of TCM materials based mainly
in the U.K. The surveys indicate that the public and TCM practi-
tioners demand better, cheaper herbs and herbal products, as well
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as better control of imported herbal materials and products. There
are at least 15 private schools of Chinese medicine in various
parts of the U.K. offering part-time courses in acupuncture or
TCM herbalism and producing TCM practitioners. The demand
for high-quality TCM crude herbs and manufactured products in
the areas of medications or health food has been increased in the
European Union and in North America. This is the result of an
increase in the number of Chinese clinics in these countries; how-
ever, there also has been concern about the proper training of
TCM practitioners and the maintenance of acceptable levels of
standards. The recent decision by the Chinese authorities to refuse
admission of non-medically qualified persons for advanced train-
ing indicates'’ that improving the quality of TCM practice has
been a concern. A unique Chinese hospital was set up in the early
1990s in a small town near Munich, Germany. It was run by quali-
fied TCM clinicians from Beijing. High-quality TCM crude herbs
and manufactured products have been certified according to Ger-
man regulations that are one of the toughest in the E.U. Future
regulations for licensing of imported herbal materials into EU
countries most likely will be subjected to requirements set by the
European Medicine Evaluation Agent. Healthcare which de-
mands quality TCM practitioners and herbal products compa-
rable to those set up for orthodox medicine will be the future
direction in the practice of TCM.

Table 2. The Top 15 Most Widely Prescribed TCM Crude Herbs in the U.K.
(Modified from Reference 16)

RANK  TCM HERBS ENGLISH DESCRIPTION PERCENT OF TOTAL

! Danggui Chinese Angelica Root 80
2 Gancao Liquorice Root 64
3 Baishao White Paeony Root 6l
4 fuling Indian Bread 60
5 Huanggi Astragalus Root 57
6 Shu Dihuang Cooked Rehmannia 56
1 Baizhu White Atractylodes Tuber 4
8 Sheng Dihuang Raw Rehmannia Root 45
9 Dangshen Codonapsis Root 3
10 Mudanpi Tree Poeony Root 29
1 Chaihu Chinese Thorowax Root 29
12 Chuanxiong Lovage Tuber 26
13 Danshen Red Sage Root 3
14 Banxia Processed Pinellis Tuber n
15 Fangfeng Divaricate Saposhnikovia Root 2
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Table 3. The Top 10 Most Widely Prescribed Ready-Made TCM Products inthe U.K.
(Modified from Reference 16)

Rank Patent TCM Products Percent of Total
| Xiao Yao Wan B
2 Ba Zhen Wan 45
3 Bu Zhong Yi Qi Wan 39
4 Yin Chiao Chieh Tu Pian 30
5 Liv Wei Di Huang Wan 30
6 Er Chen Wan 24
) Gui Pi Wan 24
8 Qing Qi Hua Tan Wan 18
9 Bi Yan Pian 18
10 Gan Mao Lin 15

The above observations predict the demand for TCM crude herbs
and ready-made herbal medications or health food will increase. What
manufacturers should do is ensure the delivery of TCM herbal prod-
ucts with a guarantee of good quality, good price, safety, and effi-
cacy. How this can be achieved 1s a complicated business. Recently,
WHO published a survey'® called “Regulatory Situation of Herbal
Medicines: A Worldwide Review,” which shares nations’ experi-
ences formulating policies for traditional medicinal products and
registering and regulating herbal medicinal products. Regulatory is-
sues will be the main concemn for the future development of the herbal
industry. The advantage that Chinese medicine has over other tradi-
tional therapies is the accumulation of good historical records of the
successful use of natural products for treatment and prevention of
diseases. Positive exploitation and expansion in these areas will cre-
ate a new herbal industry.

Hong Kong Has the Right Ingredients
for Herbal Manufacturers

The Significant Role of the Working Party
on Chinese Medicine (WPCM)

The then-Secretary for Health & Welfare, in response to sev-
eral mishaps of poisonous Chinese medicinal herbs in the early
1980s, appointed in 1989 the WPCM to review and make recom-
mendations on the practice, treatment and use of TCM herbs and
herbal products in Hong Kong. Over the past few years, WPCM
has interviewed and consulted with many professional groups
and held workshops and commissions for independent studies on
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the actual practice and use of TCM. The eventual publication of
the “Report of the Working Party on Chinese Medicine” has es-
tablished guidelines for the development of TCM in healthcare
based on the strength of its heritage with the Chinese people.

The Pharmacy and Poison Board of the then Department of
Health & Welfare, which is a regulatory body on medicinal prod-
ucts, at present does not provide any regulatory or registration con-
trol on the import and export of materia medica from natural sources.
This has been a historical arrangement, but legislation may change
in the near future. The 1841 Treaty of Nanjing stated that, according
to Chinese law and customs, Chinese materia medica and the prac-
tice of Chinese medicine would not be controlled by law in Hong
Kong. Under the Pharmacy & Poison Regulations Ordinance (Cap
138) that requires all pharmaceutical products to be registered with
the Pharmacy & Poison Board, Chinese materia medica, whether
crude herbs or herbal products, are exempt from registration. In prac-
tice, the Department of Health officials purchased ready-made TCM
products from the open market and conducted analyses to ensure
that these ready-made TCM products were not adulterated with com-
ponents of orthodox drugs. Imported raw or crude TCM materials
are not inspected. More than 95% of Chinese materia medica used
in Hong Kong is imported, mostly from China. These include 80%
of ready-made medicines and 80% to 90% of crude TCM materials.
There are very few official controls on the quality of TCM materi-
als. There are no specific controls on TCM materials for the pur-
poses of import and export, registration and sale, and dispensing and
purchasing. Thus, over-the-counter sales of these materials without
a prescription are not restricted. It is therefore not surprising to note
self-regulatory approaches have failed to safeguard patients from
poor-quality products. Fake materials and adulterated products have
been identified in U.K. markets.

However, the spirit of self-regulation has been understandably
followed. Circumstances have changed since 1841. Public aware-
ness has increased and so have concerns and fear about TCM prod-
ucts and patient safety. Public demand for recognition of practitio-
ner standards has increased in recent years. Having considered in
detail the practice and use of TCM, the WPCM established several
workable measures and made recommendations to improve the
present situation and deliver a TCM system which should produce
workable answers. A preparatory committee has been set up and
registration of qualified TCM practitioners is underway. This is to
be followed by licensing of import and export of TCM materials and
related medicinal products.
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Support From the Present Government

The Hong Kong Government’s establishment up of the Pre-
paratory Committee on Chinese Medicine (PCCM) in April 1995
represents a recognition of TCM in the development of the
healthcare system in Hong Kong. It is envisioned that both the
registration of TCM practitioners and the licensing of TCM ma-
terials and products can begin by the year 2000. The PCCM, con-
sisting mainly of members of the TCM professions and related
experts and supported by the Department of Health, will steer the
implementation of recommendations made by the WPCM. A
statutory body will eventually replace this committee. The over-
all approach has been to formalize and recognize the profession-
alism of TCM practice and the use of TCM herbalism in the pre-
vention and treatment of diseases complementing well-established
orthodox medicine. The public can then be reassured that a heri-
tage that is thousands of years old will be delivered by a system
with quality, safety, and efficacy.

Expert consultants from the Massachusetts Institute of Tech-
nology (MIT), upon invitation, did a detailed study of Hong Kong
industry in 1996. They concluded their remarks with: “We see a
future for Hong Kong as a world-class industrial power. To real-
ize such an ambition, Hong Kong needs to strike out in a new
direction, as a leader in the production of new generations of
products. The high-valued-added goods of the 21st century will
be service-enhanced products.””® The MIT group recognized the
potential strength and infrastructure that Hong Kong possesses
n the manufacturing areas. Health service, in particular the main-
tenance of good health and disease prevention, will be an impor-
tant direction. The development of TCM is perfectly in line with
this direction. The MIT expert panel, as well as the chief execu-
tive of the Hong Kong Special Administrative Region of China,
also identified and recently supported the development and manu-
facturing TCM products as “top priority” for Hong Kong.

Support from and Collaboration with Mainland China
in Various TCM Fields

During the last 10 years, an enormous amount of interest and
effort in both basic and applied TCM research has taken place in
Hong Kong. Quite a lot of expertise has been acquired from col-
leagues in Mainland China via joint project schemes. Research
funding from the University Grant Committee has given enor-
mous encouragement to local scientists who would have been
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extremely surprised to get grants for TCM-related projects in the
early 1980s. The Hong Kong Jockey Club has always been ex-
tremely supportive of TCM research activities, and the Depart-
ment of Industry in recent years has also been supportive. With-
out doubt, the intellectual resources in Hong Kong academia, with
support from local universities and institutes, as well as support
from academia on the Mainland and in Taiwan, will generate
new 1deas for future development of the new industry. A concise
account of projects over the past three years is addressed in the
chapter on Traditional Chinese Medicine in Hong Kong.

The Deliverable Model
The Mission Possible

Hong Kong provides some of the world’s most reliable busi-
ness, monetary, trading, and technology infrastructures. It provides
a unique advantage for promoting and expanding Chinese medicine
professionally and scientifically, and for establishing Chinese medi-
cine in the global pharmaceutical market. Therefore, in order to
maximize the usefulness of Chinese medicine for the prevention and
treatment of disease, we propose a model that integrates education,
research promotion, manufacturing and quality assurance for better
healthcare. There is a big task ahead to put into practice the MIT
recommendations on the development of manufacturing industry for
TCM products. Various ingredients are there, what is needed is a
workable and a deliverable model to set in motion this important
mission. Hong Kong needs a proper and accountable organization
to ensure the delivery of ideas from different sectors into products
and goods with assurances of quality, reliability and brand reputa-
tion. The advanced countries in the West and the new consumers in
China and other emerging economies demand these quality prod-
ucts. The following are some aspects of the mission that should be
made a reality.

In line with the actions for national modernization of Chinese
medicine, this model aims to coordinate closely with institutes in
Mainland China. The ultimate common goal has been to create one
of the national Centres of Excellence for promoting Chinese medi-
cine globally. This national effort should address quality assurance
of clinical and professional TCM practice; the launching of high
quality, safe and effective TCM herbs and herbal products; and the
promotion of a workable regulatory system to cope with interna-
tional demands on quality, safety, and efficacy of crude TCM herbs
and manufactured products.
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The Model’s Aims and Goals

The Model Organization (MO) should be responsible and
be completely accountable to an independent board of trustees,
which is formed to see that public funding for the execution of
duties by the organization is used appropriately. After initial sup-
port over a defined period of time, subsequent development should
be self-supported. Apart from generating capital via manufactur-
ing of TCM products, joint venture projects and consultation in-
come should be the logical sources of revenues. The model should
strive to achieve the following goals:

¢ To develop for Hong Kong a global Centre of Ex-
cellence with a unique stand-alone identity for
Chinese medicine in order to counteract miscon-
ceptions that TCM 1s a myth.

 To transform ideas from various Hong Kong and
Mainland universities into basic and applied re-
search in all aspects of Chinese medicine.

« To create an international center for coordinating
the registration of TCM products and for register-
ing TCM intellectual properties.

» To set up confidential troubleshooting facilities
for Hong Kong’s TCM manufacturing companies
and small- and medium-sized industries which
cannot afford such facilities.

» To set up training facilities for Hong Kong’s pro-
fessionals, technicians and dispensers and perhaps
those of other countries. Trainees would learn
skills required by the TCM industry, skills they
cannot acquire in universities.

 To work in conjunction with experts at Hong
Kong’s universities and institutes as well as those
in Mainland China to establish R&D programs
which pursue new formulations, novel composite
prescription products, and GMP manufacturing
procedures.

* To provide facilities for small-scale pre-manufac-
turing production to small- and medium-sized in-
dustries.
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Infrastructure of the Model Organization

The Model Organization should have premises large enough
to house several Functional Units. Scheme 1 illustrates the frame-
work required. The board of trustees has the power to ensure a
system of “checks and balances” for the organization. The over-
all executive role will be the responsibility of a team of directors
which helps the managing director run the organization.

Development Strategy

Innovative R&D Approaches
for Market-Orientated TCM Products

Evidence of failure and difficulty isolating pure chemical en-
tities from even a single medicinal plant as potential compounds
for activity screening® indicate that conventional phytochemical
screening should not be followed. Future R&D strategy should
center on market-oriented research with the aim of manufactur-
ing TCM products and coordinating development for small- and
medium-size manufacturers.

The MO should identify and develop plant-based pharma-
ceutical products by undertaking pre-ciinical and clinical research
to meet Western regulatory standards, defining a standard for-
mulation and dose, and confirming safety and efficacy. Many
Chinese medicines, are based on composite prescriptions and are
used for severe conditions which are poorly treated by conven-
tional Western medicine. The MO’s approach should be selec-
tive. Initially it should neither seek to identify a single target for
activity, nor a single chemical entity from the prescription herbs.
Based upon empirical clinical evidence of efficacy, the constitu-
ents of the herbal mixture can be standardized using developed
quality control procedures to ensure reproducibility and the un-
dergo controlled clinical trials. Where appropriate or feasible,
the MO may seek to develop second-generation products through
the identification and characterization of purified fractions or
single chemicals derived from the original formulation using pat-
tern recognition predictions.

Most TCM literature record a large number of preparations in
use. Most TCM practitioners will use 200 to 300 herbs in a variety
of combinations. The selection of successful formulas with input
from expert TCM practitioners is a must when initiating R&D.
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The basis for product selection can be targeting chronic ill-
nesses or disease prevention. They can be asthma, diabetes, skin
diseases (including eczema, psoriasis), wound care, rheumatoid
arthritis and senile dementia, such as Alzheimer’s Disease. Prod-
ucts for improving immunological strength or the body’s defense
systems and reducing cardiovascular disorders and cancer are
some other possibilities. Product development plans should be
achievable, assuming the availability of resources, in the secur-
ing of development partners, where appropriate, a trouble-free
program and prompt regulatory review.

Strategic Actions

This approach is unconventional, but controlled clinical tri-
als have illustrated that it is possible to demonstrate safety and
efficacy of the Chinese medicinal preparation Zemaphyte for treat-
ment of atopic eczema’ and the topical application of Tiger Balm
for relieving tension headache.”’ The MO should progress TCM-
based preparations through clinical trials. Guided by documented
clinical use of the TCM composite formulary (Fu-Fang), a stan-
dard formulation can be reviewed and specified for R&D. The
MO could develop quality control procedures to ensure that the phar-
maceutical product can be produced in a repeatable manner and then
safety and efficacy trials can be carried out. The R&D results can be
used to secure a partner (a small- or medium-size herbal manufac-
turer) which will assume the majority of further development costs
and be responsible for marketing. The MO will receive access and
milestone payments and a royalty or margin on sales.

Various guidelines have been published addressing the reg-
istration of single-chemical entities of herbal origin, but there are
no guidelines governing the pharmaceutical registration of com-
plex mixtures of plant-based products. Evidently others have made
such progress in the field.”” It is possible that the Registration &
Intellectual Property Unit (RIPU) of the MO, having satisfied
the requirements within China’s own regulatory body, can de-
velop its approach with regulatory bodies in the U.K. and the
United States. The RIPU will be pioneering a new area of drug
development, and, together with the authorities, it is setting de
facto standards. These include the demonstration of reproducible
quality assurance of safety and measurable quality control pro-
cedures. There will, of course, be the usual uncertainties surround-
ing the regulatory bodies’ evaluation of the clinical benefits
against the risk of side effects, but these are common to all drugs.
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Development of Appropriate
Quality Control and Manufacturing Procedures

Initial approaches for dealing with these complicated prob-
lems should concentrate on developing procedures for procure-
ment of crude medicinal plants and herbs using expert staff to
authenticate source materials. This requires recruitment of ex-
perts from Mainland China. In the long run, training will be re-
quired in order to develop a dedicated staff.

The demonstration and recognition of combinational chemi-
cal analyses and pattern recognition for quality control of com-
plicated decoction of multiple herbs has yielded a reliable means
of QC for these products.?’ Industrial monographs for these crude
materials should be prepared, validated as part of the references
for standard operation procedures. These will be required to ap-
ply for the Product License Application (PLA). The MO has the
important task of producing as many PLAs as required for all
medicinal plants used. Eventually, a reference library will be pro-
duced for the use of the whole nation. Such difficult tasks can be
shared by key centers and coordinated by the appropriate governing
bodies in China.

The MO’s main focus should be developing key products to
the point of ensuring a sufficient supply to undertake clinical tri-
als. Routine manufacturing strategy and supply considerations
could be a secondary focus. The local manufacturing industries
can do subsequent manufacturing of these products when R&D
is complete. For example, locals can manufacture a TCM prod-
uct from bulk decoction, with the resulting product being gran-
ules for oral administration. The decoction from herbal mixture
and subsequent concentration and drying process are carried out
in one location by a specialist industry, while the product is granu-
lated, tableted and packaged at another. There could be capacity
constraints in both the decoction and secondary manufacturing
operation, depending on the scale of manufacturing by a particu-
lar partner. This can be coordinated by the MO.

Undoubtedly, after submission of the PLA, there might be
changes in the approved methods and conditions of processing,
and different facilities might be used. These changes will require
further notification to the regulatory authorities. This will include
ajustification for the changes and a demonstration that the manu-
factured product is equivalent to that used in clinical trials. Given
that the exact chemical composition of an herbal mixture is un-



76 BIOTECHNOILOGY IN HONG KONG

known, 1t may be necessary to conduct clinical trials in support
of the changes to demonstrate equivalence. However, the MO
should develop QC procedures to deal with such changes and be
able to represent the manufacturer in demonstrating to the satis-
faction of the regulatory authorities that the product is equivalent
without the need to conduct these trials.

There are risks associated with ensuring the quality of the
plant material sourced from unreliable suppliers within and out-
side the country, with respect both to contaminant levels (par-
ticularly agrochemicals and heavy metals) and the possibility of
deterioration of the material through incorrect storage. The MO
should be able to install procedures to analyze batches of materi-
als before processing to screen for contamination and deteriora-
tion and to develop a range of tests to confirm the identity of the
materials used and their presence in the final products.

The MO should have regular contacts via meetings with in-
ternational regulatory agencies such as EMEA (European Medi-
cine Evaluation Agency) in Europe and the FDA in the U.S., or
equivalent, regarding the data requirements for registration of their
products both for clinical development and manufacturing and
quality control. These meetings would indicate what steps must be
followed to submit a PLA without unnecessary delays. In addition,
the framework for product registration should be sought from these
regulatory agents where possible to assure speedy consideration.

Advantages Outweigh Risks in the Present Approach

Ever since the advancement of synthetic drugs for treatment
in orthodox medicine, orthodox doctors have viewed traditional
medicines with skepticism. The majority of the public now be-
lieves that unequivocal evidence of clinical safety and efficacy
would begin to overcome this natural conservatism. However, it
is our opinion that the development of this market will require a
considerable educational effort by the MO, which should set up sup-
porting teams to help herbal manufacturers break into the existing
and potential market dominated by orthodox drug manufacturers.

The pharmaceutical industry is highly competitive. A patent
for the products will give product protection for a period of time.
A patent can only be granted on an invention that is novel and
not obvious. The MO should have competent experts looking
after these areas. Robust patent protection on the use of the mate-
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rials for their traditional indications is not possible in the first
instance. Significant protection in the E.U. can be achieved by
registering the first product in a therapeutic area and’ thereby ob-
taining six or 10 (depending on the country) years’ exclusivity
on the data used to support registration. These can be through
formulation and process patents. Further protection can be
achieved if the production of the herbal products is able to iden-
tify novel moieties that are patentable in the preparations which
are responsible for the effects. With the number of plant-based
remedies in use around the world, the risk is that a different mix-
ture of plant materials could be developed by a competitor copy-
ing the development strategy pioneered by the original manufac-
turer. However it is believed that a generic competitor’s threat to
a plant-based medicine is low, as the imitator would have to gen-
erate new data, which would take several years, and pay an enor-
mous amount of money or wait for the exclusion period to ex-
pire. Further, given the nature of the products, proving similarity
to a generic product will be exceedingly difficult.

The Convention on Biological Diversity was signed in 1992 and
has now been ratified by a number of nations, including the UK.,
China, India, and the Russian Federation. The objectives of this con-
vention include the maintenance of genetic diversity, the sustainable
use of its components and the fair and equitable sharing of the ben-
efits arising out of the utilization of genetic resources. The MO should
work with China to address these areas and the issues arising from
the convention. Development of research in botanical propagation
to securing plant materials is an important task. Research initiative
can be coordinated by the appropriate unit of the MO.

Assessment of the Potential Prior to Production

The MO should be able to give advice to herbal manufacturers
before commencement of R&D and production of the TCM prod-
ucts. The expert from the appropriate unit of the MO should be able
to identify project merits, risk factors, commercial potential and de-
velopment plans for the potential products. This is an essential advi-
sory role to ensure that only good products would be produced and
to save money for development. A market search exercise should be
conducted. Source materials should be secured. Steps could involve:

(1) Initial Proposal for a Product ‘
For example if a Fu-Fang has been considered
favorable for treatment of certain skin conditions,
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a viable formulation can be designed. A standard-
1zed oral formulation, which allows defined doses
to be used, avoids problems associated with the
difficult preparation and poor taste characteristics
of the TCM product and enables a specified prod-
uct to be registered.

(2) Project Merits

Certain eczema are usually treated with an emol-
lient, but current orthodox treatments for severe
atopic eczema require an initial oral or topical
administration of corticosteroids or immunosup-
pressants. These therapies may not be effective in
all cases and may be accompanied by severe side
effects. Evidence of some Fu-Fang prescriptions
have been proven from TCM treatment. Such
projects may be viable for further market research.

(3) Risk Factors

Manufactured Fu-Fang may be in capsule or gran-
ule form. After submission, the regulatory authori-
ties make a judgement on the quality control proce-
dures and on whether pre-clinical studies are ad-
equate. It is possible that the review period will be
protracted, that additional data will be requested, or
that the dossier will be rejected on first submission.
The effect of any of these outcomes will be a delay
in the launch of the product and/or a decision by the
regulatory agencies of some companies to restrict
its use to only very seriously afflicted patients. Strat-
egy and plans should be designed to recognize this
possibility. Competitors could make use of the strat-
egy pioneered by the present exercise in order to
develop competing products.

(4) Commercial Potential

The prevalence of severe skin diseases has in-
creased by perhaps two- or three-fold over the last
three decades, and now affects 10% to 15% of the
population at some point in their lifetime. The
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costs of treatment of severe skin diseases in the
U K. have recently been estimated at £288 mil-
lion, of which about one-third are met by patients.
This type of market research encourages further
development of TCM products.

Cyclosporin, an immunosuppressant and anti-in-
flammatory agent marketed by Sandoz, is cur-
rently approved for the management of patients
with severe atopic eczema. However, cyclosporin
has a range of dose-related side effects, some of
which are severe, and also is not effective in all
patients. On the basis of clinical results to date,
treatment with the TCM product doses has not
brought about these side effects. Five other drugs
are currently awaiting registration, and an addi-
tional six drugs are in the clinical stages of devel-
opment for the treatment of atopic eczema.

(5) Development Plans o
If the manufacturer has already carried out clini-
cal studies on its trademarked product, a dossier
should be prepared for submission to the regula-
tory agent and a launch in the near future should
be planned. Discussions with regulatory authori-
ties in other countries should be initiated. Other
specific issues should be identified in the proposed
development plan in order to cope with a revised
framework for registration purposes, which could
involve extensive additional data. Approval for
registration can take as long as three years. Mean-
while, during the registration period, product de-
velopment should be continued with clinical stud-
ies. It may be likely that an active fraction could
be isolated from the complex mixture product of
the TCM plant-based medicine.
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There exists a crusade to identify and characterize all hu-
man genetic material — the genome - that is rapidly changing
the landscape of the biotechnology industry. Where there were
once periods in this quest when the most talked about discov-
ery was “the gene of the year,” it may be soon when talk will
surround “the gene of the day,” says Harvard University Nobel
laureate Walter Gilbert (“The Genomic Gamble,” Science,
Vol. 275, Feb. 7, 1997, p. 767). This crusade is fueled by the
Human Genome Project, an international research program that
plans to sequence the three billion genes found in the 23 chro-
mosomes of every human. Large pharmaceutical companies
have seen the power that genomics holds in the process of
discovering novel drugs and thus have played a vital role in
the continuation of research and the provision of opportunity
in this field. More than 80 percent of all the human genes that
are going to be discovered will be because of pharmaceutical
industry funding, says president of The Institute for Genomic
Research (TIGR), Gaithersburg, MD, J. Craig Venter (“Ge-
nome Investigator: Craig Benter Reflects on Turbulent Past
and Future Ambition,” Scientist, Vol. 19, No. 15, July 24,
1995, p. 1). The recent success of genomics companies such
as Millennium Pharmaceuticals, Inc., Cambridge, MA;
GENSET, Paris, France; and Affymetrix, Santa Clara, CA, in
launching initial public offerings amounting to billions of dol-
lars has had a deep impact on biotechnology and given
genomics research a presence within the industry. This chap-
ter 1s a discussion of what role Hong Kong will play in the
further development and growth of the genomics industry
within Asia and worldwide.

Underneath the expansive heading of biotechnology is the
term “genomics;” which refers to the scientific discipline of
mapping, sequencing and analyzing genomes. The term itself
breaks down into “structural genomics” and “functional
genomics.” Structural genomics has as its goal the construc-
tion of high-resolution genetic, physical and transcript maps
of an organism with its complete DNA sequence. Systematic
structural genomic research on specific organisms includes:
the Human Genome Project, Mouse Genome Project, E. Coli
Genome Project and the Rice Genome Project. Functional
genomics is a relatively new term only universally accepted
within the past decade. It refers to the development and appli-
cation of global (genome-wide or system-wide) experimental
approaches in assessing gene function by utilizing the infor-
mation and reagents provided by structural genomics. Thus,
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whereas structural genomics is characterized by data manage-
ment, functional genomics is characterized by its determina-
tion of the function of genes and their biological relevance.
The gap that functional genomics bridges is essential in the
transformation of static facts to circulating dollars.

In order to illustrate the immense importance of functional
genomics to the discovery and commercializing process of novel
drug development, let us look at a recent success story — the discov-
ery of the obesity gene. Discovered in December 1994 by a team of
researchers at The Rockefeller University in New York City, the
exclusive license of the ob gene was granted to Amgen early in 1995
for an initial payment of US$20 million followed by clinical mile-
stone payments several times that amount, plus specified royalties.
Studies surrounding the function of the ob gene, suggest that it regu-
lates the size of fat tissue mass. Fat cells containing ob genes were
found to secrete a protein called leptin (from the Greek word for
thin) that regulates food intake and metabolism. There are two other
genes that have partaken in the fat-gene race: “tub,” discovered by
scientists at Millennium Pharmaceuticals, which triggered a major
milestone payment from the company’s corporate collaborator, F.
Hoffman-La Roche, Inc., Basel, Switzerland, to the tune of up to
US$70 million over five years; and the agouti gene, cloned in 1994
and under investigation by researchers at Oak Ridge National Labo-
ratory and the University of Tennessee, Knoxville, TN, and Glaxo-
Wellcome Research, Inc., Research Triangle Park, NC. The esti-
mated market value for a prescription fat-reducing drug is US$1
billion, and an over-the-counter drug is US$10+ billion annually.
The diet product market profits up to US$30 billion a year in the
U.S. alone. In 1960, 24% of adults (ages 24-70) were considered
obese in the U.S. (defined as 20% or more above ideal weight), com-
pared with 33% in 1990. Under revised 1998 U.S. guidelines, which
use the World Health Organization’s definition of overweight per-
sons, 55% of Americans are considered overweight. The discovery
of'the obesity gene is merely one gene discovery currently receiving
commercial attention and gradual commercial success. The size of
this emerging industry aside, competmon between companies in the
biotech and pharmaceutical fields is increasing, as these companies
work to turn gene discoveries into innovative commercial applica-
tion of the genes’ function. Mere gene discovery is not valuable on
its own; it is the discovery of how the gene works and what it means
that ultimately commercializes the information. The move from
“structural” to “functional” information is the goal. In this business,
the stakes are high.
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In the biotechnology industry, as in others, China 1s seen as the
land of opportunity. The cooperation and collaboration between China
and the rest of the world that is occurring as a result of this potential
has affected the genomics industry as well. China has a richly diver-
sified human genome pool with a population of 1.2 billion people
representing 56 ethnic groups and with isolated areas of intermar-
riage within closed family groups over long periods of time. Collec-
tion and preservation of this genomic information is now an urgent
priority as significant migration between the countryside and cities
resulting from China’s rapid economic development has taken place.
The potential of China’s rich and unique genomic resources has
brought a heightened awareness of and commitment to human ge-
nomic research on the part of the Chinese. China has entered a joint
venture in genomics research between the Chinese Academy of
Medical Sciences (the largest medical institution in China with a
network of more than 25 research institutes and hospitals) and
GENSET (a publicly-owned biotech company specializing in
genomics which has wholly-owned subsidiaries in the U.S. and Ja-
pan). In addition, the Chinese Human Genome Project was initiated
in November 1993, sponsored initially by the National Natural Sci-
ence Foundation and more recently by the Chinese High Tech Pro-
gram. These are both prime examples of China’s commitment to
establishing and developing genomic biotechnology in the East.
Furthermore, research centers dedicated to the Human Genome
Project are being established in both Shanghai and Beijing. With
regards to academia and genomics, The Chinese Academy of Sci-
ences allocated 16 million RMB in the past three years to support
functional genomics research. Central Government funding of ap-
proximately 50 million to 100 million RMB has been or will be
allocated to the Human Genome Project. Further funding for post-
genomic or proteime research projects (related to proteins expressed
by a genome or tissue) is expected to be supported by both cen-
tral and local governments as well as partially supported by ven-
ture capital.

Hong Kong has always been seen by international business
as a gateway into China because of its geographic position and
economic savvy. In terms of biotechnology and genomics, Hong
Kong has a potential and a knowledge that is both unique and
powerful. Biotechnology developments in the Hong Kong Spe-
cial Administrative Region (HKSAR) have paralleled the com-
mitment shown by China. Since 1994, HK$290 miliion has been
awarded to 95 research projects under the Industrial Support Fund
Scheme of the Industry Department in addition to support for the
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Industrial Park Project. The body of students graduating from
Hong Kong universities with specialized biotechnology-related
skills and knowledge represent Hong Kong’s investment in their
biotech future. The end of 1997 marked the halfway point for the
completion of the goal set by the Human Genome Project to se-
quence the genomes of humans and other selected model organ-
isms, identify all genes and develop the technologies required to
accomplish these objectives. Significant progress has been made
in the processes of identifying and mapping genes, the develop-
ment of stable DNA-sequencing technology, and the building of
computational tools required for the analysis of sequence data.
The need to handle, analyze, control and report the massive
amounts of information being generated globally by biotechnol-
ogy and its spinoff have created the field of bioinformatics. For
Hong Kong, this need was met by forming the Hong Kong
Bioinformatics Center (HKBIC), which was established in Feb-
ruary 1998. With a grant of HK$1,627,830 from The Chinese
University of Hong Kong and the award of an Industrial Support
Fund of HK$4,983,000, its goals are to provide for the needs of
biotechnology in Hong Kong and, thus, worldwide. The estab-
lishment of bioinformatics is a reflection of the growing needs of
the evolving Hong Kong genomics industry. And yet, large-scale
sequencing of the three billion base pairs of the human genome
has barely begun: there have only been approximately 60 million
base pairs analyzed to date. This is a reflection of the plethora of
opportunities and success that 1s awaiting discovery and claim.
Genomics research is being done in China — money is flowing in
from various Chinese and Hong Kong government agencies and
academic 1nstitutions, and there are well-educated researchers that
represent the finest from all over the world collaborating and co-
operating to further genomics discovery in China. However, the
commercial value of this work has not yet been nurtured and thus
its potential is unrealized. This is where Hong Kong comes in.

Hong Kong’s biotechnology industry is already attracting the
attention of functional genomics. The basis for the takeoft of func-
tional genomics already exists in Hong Kong, all that is needed now
1s expertise on the part of financial players. Functional genomics is
not only the hottest new field within the field of genomics, it is also
Hong Kong’s short cut to being a worldwide player in the genomics
arena. Biotechnology itself has attracted the attention of large major
pharmaceutical companies in the past, but the shift to watch for is
new interest in genomics companies, especially since biotechs have
also shifted their attention to this area over the past few years. In
order to maintain a 10% annual growth rate, the pharmaceutical
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industry’s top 50 firms must more than triple their output of novel
drugs, and genomics alone may make this feasible. The initial pub-
lic offering of genome company Incyte Pharmaceuticals (INCY),
Palo Alto, CA, on November 4, 1993, boosted the average stock
value of the 12 publicly traded genome companies by roughly 130%,
says Matthew Murray of Lehman Brothers; thus significantly out
pacing 55 percent of the entire biotech sector in that period (“/ am
pharma, hear me roar,” http://europe.cnnfn.com/digitaljam/
redherri.../index-txt.ht; San Francisco, The Red Herring Online,

May 11, 1998, 4:12 p. m) After this event, eight genomics leaders
have posted average annual share price gains of more than 75%.

Hong Kong investment players are accustomed to playing short-
term return investment games that take a year or two and thus are
playing the biotechnology game in the United States. Regardless of
the history of Hong Kong investors, there is an anticipated shift from
their short-term tradition to a long-term focus as a result of the
handover of Hong Kong to China. Long-term investment 1s needed
in China, and so it must be the focus of investors looking for oppor-
tunities in the Mainland.

The moneymaking area in Hong Kong biotechnology is func-
tional genomics. The mere discovery of a gene is only the beginning
of the process of utilizing biotechnology information to its utmost
potential. Without knowing the function of this information, it 1s
only a fact and not an application. What is needed 1s capital invest-
ment to give functional genomics commercial value and take it to
the level where it is available to and effective for the public.

Financial development of functional genomics is Hong
Kong’s game. Money alone is structural, investment is functional.
With the commitment of China and the HKSAR to the genomics
industry, Hong Kong is in a position to play a key role in the
nurturing and realization of the commercial potential of func-
tional genomics. The strength of the knowledge and expertise
represented by those involved in genomics development and the
financial sophistication and focus on long-term investment in
China contribute to solidifying this position. Once this opportu-
nity in Hong Kong’s genomics industry is missed, the param-
eters of the game will change. All who choose to seize this mo-
ment in Hong Kong’s genomics evolution will triumph.
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What is Transgenic Technology?

Transgenesis is the process by which new genetic material
(DNA) is transferred into the chromosomes of plants and ani-
mals. For animals, the major milestone in transgenesis came in
1980 with the creation, by J.W. Gordon, of Yale University, and
co-workers, of the first transgenic mouse by injecting DNA into
the pronucleus of the fertilized egg. This development was made
possible through significant advances in technology involving
the combined application of developmental and molecular biol-
ogy approaches. The next major experimental breakthrough was
depicted on the cover of Nature in 1982, which showed a photo-
graph of a giant transgenic mouse created by the overexpression
of growth hormone. This result was significant because it was
the first demonstration of inducible regulation of expression of a
foreign gene in transgenic mice.

Transgenic techniques have also been applied to other spe-
cies, such as sheep, goats, cows, chickens, and fish, but the great-
est successes have been with mice, which, as a consequence, have
become more widely used. A limitation of creating transgenic
mice by pronuclear injection is the inability to control the site of
integration of the transgene in the genome; therefore, the next
major milestone was reached when it became possible to target
DNA sequences precisely to their cognate position in the ge-
nome by homologous recombination in mouse embryonal stem
(ES) cells. As aresult it is now possible to tailor-make mice car-
rying specific mutations in any known gene by genetic targeting,
popularly called “gene-knockout,” and to transmit such muta-
tions through the germ line of mice. Using this approach, genes
whose functional impact is not fully known can be studied in an
intact, in vivo integrated system. The next frontier in gene target-
ing is control and restriction of gene inactivation in time and
place within the whole animal, i.e., tissue-specific (conditional)
and inducible knockouts. Mice engineered in such a way will be
most useful for studying gene function or for manipulating the
action of particular genes/therapeutic proteins in specific tis-
sues at particular times in life.

Applications

The applications of transgenic technology are
multidisciplinary, of far-reaching significance and have been used
in basic research as well as for the development of new and inno-
vative approaches in medicine and biotechnology. A detailed de-
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scription of the many ways in which transgenic animals have
been and are being used, is beyond the scope of this article. To
summarize however, applications of transgenic and gene-target-
ing technology have been in the following main areas:

* In basic research into how genes work;

« In biomedical research for the creation of animal
models of human diseases and mechanisms of
health and disease;

* In drug research, such as providing models for
the testing of novel drugs for the treatment of many
diseases such as cancer, AIDS etc.;

» For the development of DNA-based vaccines;
« For testing gene therapy protocols;
» In organ transplantation research;

* For use as bioreactors producing pharmaceutical
and therapeutic proteins;

* For cloning valuable livestock as exemplified by
the cloning of Dolly the sheep; and

» For engineering disease resistance in farm animals.

Genomics and Gene Function

The aim of the Human Genome Project (HGP) is to discover
the genetic basis of human disease. As the HGP approaches
completion, targeted to be 2003, new priorities in research have
arisen. These areas have been variously described as “functional
genomics” and “functional genetics” which have already be-
come formidable forces for the discovery of disease genes, for
the identification of drug targets and for the development of new
therapeutic products. In functional genetics, analyses of transgenic
and gene knockout mice are unveiling the functional role of many
genes, helping us to understand the molecular basis of normal
development and disease.
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Bioinformatic tools which enable analysis of the sequence,
protein motifs and structure databases arising from the various
genome projects help us to make predictions about biological
function, as well as to identify and design potential therapeutic
targets. The use of mouse models created by gene targeting,
transgenic technology and mutational screens enables testing of
these predictions. A database of gene function is required to re-
alize the benefits of gene sequence information in drug discov-
ery. The massive amount of sequence information accumulating
in public and commercial databases requires a systematic method
for determining the function of each gene. The knockout mouse
will be the common denominator by which all genes will be stud-
ied to determine their role in mammalian biology and disease.
By studying the physiological, cellular and biochemical conse-
quences of targeted mutations in mice, researchers will be able
to determine the function of many genes as well as identify po-
tential drug targets.

Transgenic Animal Models of Disease

Naturally occurring mutants with characteristics resembling
those of inherited human disorders can be used for the discovery
of disease genes. Conversely animal mutant models can be used
to study the molecular mechanisms which underlie human dis-
ease and to validate predictions about the consequences of ex-
pressing candidate mutant genes. Of the available models, the
mouse has become the most commonly used model system for
human disease because of:

e The similarities in physiology and development
between mouse and man,;

» The wealth of detailed knowledge of mouse ge-
netics;

* The large number of spontaneous mouse mutants
which constitute a valuable genetic resource for
the study of inherited diseases; and

» The ability to manipulate the mouse genome us-
ing transgenic and gene targeting technology.
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By manipulating the mouse genome using “gene-knockout”
technology, specific alterations which mimic human mutations
can be targeted into the genes of mice. Genetically engineered
mutant mice created in this way and which carry introduced for-
eign genes or targeted mutations provide a rich resource which
can be used as models of human disease. The impact of the intro-
duced genetic changes can be assessed at fetal, neonatal and
adult stages in different generations, enabling insight to be gained
into the mechanisms of disease.

Transgenics and Gene Discovery
in the Post-Human Genome Era

The rapid advances in sequencing whole genomes and the HGP
functional genomics research has led to the emergence of compa-
nies which specialize in marketing gene knockout expertise in pro-
grams targeted at the analysis of gene function and drug discovery
on a commercial scale. One example is Lexicon Genetics (USA),
which is using high-throughput gene targeting to define gene func-
tion on a commercial scale. Lexicon Genetics is marketing a mu-
tant mouse gene database (OmniBank) which will be a library of
novel mutant mouse embryonic stem cell clones created by gene
targeting. The OmniBank database also uses bioinformatics soft-
ware to create a functional genomics platform for use by pharma-
ceutical and biotechnology companies in drug discovery.

Drug target identification is a critical component in drug de-
velopment and this is another area in which transgenic/knockout
mice have a useful role. To identify drug targets, lines of mice
that carry custom receptors, ion channels or other genetic alter-
ations can be created and studied.

Of particular interest is the joint venture between Lexicon
and the not-for-profit organization Merck Genome Research In-
stitute, Inc. (MGRI). MGRI was established to promote and spon-
sor projects which enable scientists to develop assays and meth-
odologies that can be applied broadly across genomics research
to improve the accuracy and speed at which the function of new
gene sequences can be determined. One of the Institute’s broad
objectives is to support development of high-throughput meth-
ods which create gene-targeted models for the purposes of study-
ing gene function in specific models, including mice. MGRI has
recently commissioned the creation of 150 mutant mouse lines
in a five-year, US$8-million project with Lexicon. The purpose
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of this joint project is to help researchers worldwide move from
gene sequence to function at a faster rate. All mice produced in
the project will be distributed on a not-for-profit basis to any
requesting researcher.

Transgenics for Bioassays and Testing

Transgenic and knockout mice are also invaluable models
for the testing of new therapeutic agents developed from phar-
maceutical, traditional herbal medicine or gene therapy research.
In October 1997, scientists at the National Institute of Environ-
mental Health Sciences (USA) announced the Environmental
Genome Project, which aims to discover genetic factors that
modulate a person’s susceptibility to environmental hazards (Sci-
ence 278:569). Correlating variations in known genes which code
for detoxifying enzymes such as paraoxonase, cytochrome P450,
with disease susceptibility of individuals will require extensive
testing in animal models. The various knockout and transgenic
mice will be invaluable resources for such studies.

Transgenic Animals as Bioreactors

Transgenics can also be used for the production of human
proteins for pharmaceutical, therapeutic and nutritional use. For
certain protein drugs that require complex modifications to be
functional or those which are needed in large amounts, produc-
tion in transgenic animals is a very useful approach. There are
many advantages to using transgenic farm animals as production
facilities: the transgenic bioreactor can reproduce, it maintains
its own fuel supply, and one can achieve a flexible production
capacity through the number of animals bred. Best of all, by pro-
ducing proteins in this way, the drug is delivered from the animal
In a very convenient form — in the milk. In this new develop-
ment, called “pharming,” transgenic animals are created which
express the human gene product (protein) in the mammary gland,
allowing for its collection and purification during lactation.

However success in making an animal that can produce the
drug is far from guaranteed. The success rate of producing
transgenic mice varies from between 10% and 50%, but the
transgenic rate for goats, sheep, or cows is less than 5%. Produc-
tion of the drug is measured during lactation, after the animal is
raised to maturity and bred. As a result of the long time periods
involved and low success rates, developing transgenic farm ani-
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mals is currently very expensive. Because of this expense, small
litter sizes and long gestation times for farm animals, the pro-
duction of therapeutics by transgenesis is typically tested using
mice initially. The first mice to produce a human drug, tPA (tis-
sue plasminogen activator, used to treat blood clots), was in 1987.
Since then, the technology has advanced, and there are several
companies which specialize in pharming therapeutics, using goats,
sheep and cattle. Examples of therapeutics produced in transgenic
farm animals, some of which are in Phase I/II clinical trials are:
alpha-1-antitrypsin for the treatment of cystic fibrosis, fibrogen,
Factor VII, human alpha lactalbumin ( by PPL Therapeutics);
recombinant antithrombin III (rhATIII), factor IX, growth hor-
mone, beta interferon, HIV therapeutics, and a cancer vaccine
(by Genzyme Transgenics).

Not all therapeutics are suited for production via milk. A no-
table exception is human hemoglobin that is being made in pig
blood to provide a blood substitute for human transfusions. Be-
cause hemoglobin is naturally a blood protein, it is likely to be
one of few exceptions to the usual method of production in milk.
The economics of blood production are not ideal, however, be-
cause the animal producing the hemoglobin must be slaughtered
to recover human hemoglobin.

Despite the problems, animal pharming, in general, is five-
to-10 times more economical on a continuing basis and two-to-
three times cheaper in start-up costs than cell culture production
methods. A recent ground-breaking advance, the first cloning of
an adult mammal (“Dolly”) in 1997, has immense applications
for the improved efficiency of pharming, for example, the clon-
ing of transgenic animals proven to be good producers.

Transgenic Plants

Since the main focus of this chapter is transgenic animals, a
detailed discussion of the application of transgenesis to create
transgenic plants will not be made. In brief, a major focus of
plant transgenesis is the production of plants with resistance to
some pesticides, insects and diseases, thus reducing the amount
of chemicals being used and released into the environment.
Transgenesis can also be used to produce plants with improved
nutritional qualities and greater yield to meet the food demand of
an increasing world population.
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Current Transgenesis Activities in Hong Kong

Basic Research

~ Transgenic technology is still new to Asia. In Hong Kong
this technology has so far mainly been used in basic research
programs in the universities. Projects focus on the areas of gene
regulation and gene function as well as in creating transgenic
models of disease. Transgenic mouse mutants generated from
these projects could provide a valuable resource for the identifi-
cation of new drug targets as well as act as models for bioassays
and the testing of therapeutic compounds, drugs and compounds
extracted from traditional herbal preparations. It would therefore
be important and useful to establish a local database/registry for
transgenic mouse lines and mutants which includes descriptions
of phenotypes.

Building Infrastructure and Technology Transfer

Anticipating a growing demand for transgenic technology in
Hong Kong and China, the Medical Faculty of The University of
Hong Kong, and the Hong Kong Government Industrial Support
Fund have established a Transgenic Technology Centre which is
a core facility for providing high-quality transgenic technology
training and consultation services.

The Transgenic Centre aims to provide a channel for tech-
nology transfer by introducing this state-of-the-art technology to
the biotechnology industry in Hong Kong and in Mainland China.
The initial emphasis is on training and technology transfer. The
long-term aim is to develop the facility further to establish within
Hong Kong a permanent center for the training of personnel and
the production of transgenic animals in the region.

The Transgenic Centre has run two training workshops so
far. In November 1996, Dr. M.H. Sham (an associate professor
in the Department of Biochemistry at The University of Hong
Kong), Professor Patrick Tam (the world expert on early embryo
development, who is at Children’s Medical Research Institute,
Wentworthville, Sydney, Australia), Dr. Robin Lovell-Badge (co-
discoverer of the sex determining gene, who is at MCR National
Institute for Medical Research in London, U.K.), and myself or-
ganized and a three-week lecture and practical course entitled
Molecular Embryology and Transgenic Technology (http://
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www. hku. hk/biochem/igcentre/course.html). This course provided
the theoretical and technical knowledge in molecular embryol-
ogy that is essential for any practitioner of transgenic technol-
ogy. For investigators wishing to enter this field or learn more
about the technology, the course provided the highest standards
of instruction and a strong foundation in molecular embryology.
The first course was oversubscribed, with applications exceed-
ing four times the number of places. Twenty students from 10
countries enrolled, and feedback from questionnaires returned
afterwards indicated that the course was a tremendous success.
A second, shorter workshop, Current Advances in Gene Target-
ing: Theory & Practice, was held in February 1998, with Profes-
sor Richard Behringer (Department of Molecular Genetics, M.D.
Anderson Cancer Institute, University of Texas in Houston) and
myself as instructors.

The center is fully equipped for the production of transgenic
and gene-knockout mice. It continues to offer consultancy and
training to individual researchers as well as organize workshops.
The activities of the Centre are coordinated by myself (principal
coordinator) and Dr. Sham (co-coordinator). The Centre is lo-
cated within the Department of Biochemistry at The University
of Hong Kong and is staffed by scientists skilled in transgenic
and embryo cryopreservation techniques and trained in animal
husbandry.

Applied Research and Joint Ventures
Pharming in Hong Kong

Hong Kong Transgenic Limited is a joint venture between
Asia Biotech Ltd. and the Applied Research Council of the In-
dustry Department of the Hong Kong SAR Government, under
the Cooperative Applied Research and Development Scheme
(CARDS). It is currently engaged in the development of transgenic
vegetables in collaboration with the Institute of Microbiology,
Chinese Academy of Sciences. Transgenic anti-viral pepper and
anti-softening tomatoes are presently being cultivated in Da Xing
County near Beijing. Approval of these varieties for commercial
production will be applied for in the near future. In collaboration
with the Institute of Developmental Biology, Chinese Academy
of Sciences, Hong Kong Transgenic Limited is also engaged in a
feasibility study on the potential production of human blood pro-
teins in transgenic pigs. In both instances, the transgenic prod-
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ucts are scheduled for characterization and analysis in the De-
partment of Biology, Hong Kong Baptist University. The estab-
lishment of Hong Kong Transgenic Limited provides a clear il-
lustration of the value of the CARDS program in bringing to-
gether research and corporate resources of Hong Kong SAR and
China for developing biotechnological products.

Also in the area of pharming, a joint project to produce an im-
munosuppressive therapeutic protein in transgenic animals has just
started, as a collaboration between researchers at The University of
Hong Kong, Imperial College London University (UK) and the In-
stitute of Developmental Biology, Chinese Academy of Sciences.

Potential

~ Theincreasing wealth of expertise in basic research and teach-
ing in Hong Kong in the areas of molecular embryology and
transgenic technology will be a valuable and essential asset for
the future development of applied research and development
activities in Hong Kong. As more transgenic mouse mutants are
produced in Hong Kong universities, it will be important to have
a local registry/database of the different lines of mice and their
phenotypes. The availability of such information will be useful
for the identification of potential models needed for research and
development in the areas of drug target discovery and drug/thera-
peutic testing.

~ The establishment of Hong Kong as a SAR of China brings
increased opportunities for joint ventures with Mainland China
inresearch and development involving transgenic animals. With
the lack of land and extensive agriculture in Hong Kong, joint
ventures with the Mainland are particularly appropriate in the area
of pharming to produce therapeutics in transgenic farm animals.

It is very clear that at present great worldwide emphasis is
being put on surveying genetic diversity for human disease
genes and for studying regional patterns of disease. It is probable
that this priority will continue to gain even more importance in
coming years. Combined with the information explosion which
will accompany the completion of the HGP, there will be rich
resources for the gene and drug target hunter. There is no doubt
that transgenic and gene targeting technology will be needed for
any gene hunting endeavors to be carried out in the region.
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Gene-knockout and transgenic projects require considerable
molecular biology and micromanipulation skills, i.e., substantial
research experience at a high level. In addition, problems encoun-
tered during a transgenic or knock out project are unpredictable
and require substantial knowledge and considerable experience
in the field. Projects producing knockouts therefore require highly
skilled scientists and cannot be automated. Researchers in Hong
Kong were the first in the region to knock out a gene, and there is
a significant level of expertise in this area of research.

Given sufficient funding, Hong Kong’s sound infrastructure
and research talent position the SAR to make a significant im-
pact in the application of transgenics in the area of gene and drug
target discovery. The scale of success will depend on whether or
not Hong Kong can interest the pharmaceutical industry in estab-
lishing research and development activities here or embarking
on joint projects. So far the demand for the Transgenic Centre’s
services has been from the academic sector, reflecting the lim-
ited biotechnology and pharmaceutical research and development
activities in this region, in contrast to the U.S., Europe and Aus-
tralia. However, the Centre is poised for further development and
has the capacity, for example, to undertake contract knockouts
for the pharmaceutical industry. Collaborations in this area be-
tween Hong Kong and Mainland researchers will also be an im-
portant factor for the successful establishment of biotechnology
research and development in Hong Kong.
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