Journal of Cellular Biochemistry 56:143—144 (1994)

VIEWPOINTS

Biotechnology Applications in Biomaterials *

Kiki B. Hellman, Grace Lee Picciolo, and C. Fred Fox

Center for Devices and Radiological Health, U.S. Food and Drug Administration,
Rockville, Maryland 20852 (K.B.H., G.L.P.) and Department of Microbiology and Molecular Genetics,
University of California, Los Angeles, California 90024-1489 (C.F.F.)

A National Center for Health Statistics sur-
vey conducted in 1988 indicates that more than
11 million people in the United States have
biomaterial implants [Moss et al., 1991]. A bio-
material is defined here as any material used in
the body to achieve a therapeutic or diagnostic
purpose. Biomaterial-containing implants range
from artificial heart valves, arteries and veins to
artificial joints, drug delivery systems, and sili-
cone implants. The survey did not include den-
tal restorative procedures and devices that may
apply to nearly the entire U.S. population. The
numbers and variety of these products speak to
the importance of biomaterials and biomaterial-
containing medical devices for our national
health.

Although many functionally sufficient materi-
als are in use, chronic problems have been recog-
nized with different types of materials and their
applications. Materials may be limited in their
use for a number of reasons, including poor
biocompatibility, infection susceptibility, im-
mune responses, thrombus formation, limited
biodurability, and elicitation of cellular degrada-
tory responses. There is, therefore, a critical
need for biomaterials that provide longer-term
clinical benefit and fewer complications for pa-
tients requiring acute or chronic biomaterial-
containing implants. A reduction in implant-
related complications of 2% would enhance the
quality of life and reduce costs for an estimated
100,000 to 200,000 new patients each year.
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Substantial clinical experience and prolonged
use of implanted medical devices indicate that
biocompatibility is enhanced when biomaterials
closely resemble tissues in the human host. Pro-
cessed natural tissue and tissue constituents
from different animal species have, to date, met
this requirement to some extent. However, the
use of biotechnology-derived biomaterials that
achieve homology with the host and the structur-
ing of hybrid artificial tissues and organs pro-
vide a strategy for improving the longevity and
functionality of implants for medical use.

Several research groups have demonstrated
the feasibility of using biotechnology approaches
to develop biomaterials for clinical use over the
past few years. We are now beginning to see
breakthroughs that will revolutionize the field
and provide approaches to problems that have
been recalcitrant to practical solutions. A major
goal is the discovery of new routes to produce
structural and functional materials using biologi-
cal organisms and principles derived from biol-
ogy. The focus of much current research is to
reveal principles underlying the production of a
wide variety of biomaterials at the molecular
level.

Bringing together the research and develop-
ment efforts of biotechnology and materials sci-
ence has led to a new field of scientific endeavor
that can tailor biomaterials for desired pur-
poses. These new types of biomaterials incorpo-
rate living cells, cellular components, cellular
products, and synthetic components modeled on
cellular biosynthesis. The different areas of this
field include, generally, biomolecular materials,
self-assembly systems, and tissue engineering.

Recognizing the increased applications of bio-
technology methods and approaches in biomate-
rials development and the critical role of biotech-
nology in developing increasingly biocompatible
materials, the Food and Drug Administration
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(FDA) and the Society for Biomaterials!' co-
hosted the first Workshop on Biotechnology Ap-
plications in Biomaterials on April 28, 1993, in
Birmingham, Alabama [Hellman et al., 1993a,b].
The Workshop was organized by a committee
drawn from academia, industry, and federal
agencies.?

In order to develop initiatives toward common
goals, the conference was also sponsored by the
National Science Foundation, the National Insti-
tute of Standards and Technology, and the In-
dustrial Biotechnology Association. The central
goal of the workshop was to assess current and
future prospects for application of biotechnology-
derived biomaterials in clinical medicine and
provide recommendations for regulatory strate-
gies to assist evaluation of the ensuing products.

The Workshop had five broad objectives:

1. Review research and development advances
in each topic area (e.g., biomolecular mate-
rials, self-assembly systems, and tissue en-
gineering).

2. Gain a better perspective on the applica-
tion of these technological advances in cur-
rent and future medical devices and their
impact on public health and clinical medi-
cine.

3. Identify safety and effectiveness issues as-
sociated with these new products, to deter-
mine scientific and clinical criteria for prod-
uct evaluation.

4. Examine the industrialization potential of
the new products, to identify manufactur-
ing problems and quality assurance issues.

5. Identify strategies to further research and
development in the field and to develop
appropriate regulatory guidance using co-
operative approaches among government,
industry, and academe.

Review of research and development advances
were accomplished in a formal one day program
featuring lectures and poster presentations.
These are summarized in this issue in a View-
point by Eugene Bell entitled ‘“‘Biotechnology
Meets Biomaterials” and in selected articles. An
analytical treatment of principal issues influenc-
ing the incorporation of biotechnology advances
into biomaterials applications was based on for-
mal presentations and discussions among panel-
ists and the audience and developed in working

sessions and discussions among the invited work-
shop participants.? Their conclusions and infor-
mal recommendations arising from these discus-
sions are treated in a Viewpoint (Hellman et al.,
this issue) entitled ‘‘Prospects for Application of
Biotechnology-Derived Biomaterials.”
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