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Chapter 17

University/Industry Relationships

Introduction

The recent spectacular advances in molecular
biology in the United States have arisen from basic
research, most of which is federally funded and
carried out in university laboratories. Led by the
promise of biotechnology's commercial potential
and the need for technical expertise, U.S. and for-
eign companies have been deveioping cioser ties
with universities, thus intensifying the process of
university/industry technology transfer. At least
in the United Staies, concerns have been raised
about industrial sponsorship of university re-
search (1,4,8,13,25,26). Some of these concerns
are actually not new. What is new is that biology,
rather than chemistry or engineering, is suddenly
commercially promising.

This chapter focuses on university/industry re-
lationships as a factor influencing the competitive
position of the United States vis-a-vis other coun-
tries in the commercialization of biotechnology.
Issues in university/industry relationships are not
confined to relationships in biotechnology, so the
chapter also includes some discussion of broader
university/industry issues that have implications
for competitiveness in biotechnology. The resolu-
tion of issues in U.S. university/industry relation-
ships in biotechnology is extremely important, be-
cause the manner in which these issues are re-
solved will help determine the pattern of basic
and applied research in the field for the next dec-
ade or so. Furthermor‘e research is likely to be
critical to the dev
some time.
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Closer ties between universities and industry
can be advantageous to the institutions involved
and are important for the national innovative
process. Industrial research questions can enrich
the university research process, and there are fi-
nancial benefits from increased industrial funding
of university research. Industrial support of uni-
versity research and development (R&D) in the
United States currently represents about 6 to 7
percent of the total research budget of univer-

sities, although the percentage of industrial fund-
ing in some departments of universities may be
much higher or lower (19). It is unlikely that in-
dustrial support will ever equal Federal support
of university research, but increases in industrial
funding could have significant effects on the types
of research performed, especially in high-tech-
nology areas such as biotechnology.

American universities can expect some finan-
cial benefit from royalties derived from the licens-
ing of patents, although it is unlikely that roval-
ty income will ever be a significant portion of sup-
port. The Wisconsin Alumni Research Foundation
(WARF), for example, has been instrumental in
generating royalty income for the University of
Wisconsin. It should be noted, however, that 39
of the 58 income-producing inventions assigned
to WARF since 1925 have earned less than
$100,000, and only 7 have earned more than $1
million (3,9). As shown in table 66, royalty income
as a proportion of total Federal support is far less
at nine other leading research universities in the
United States than at the University of Wiscon-
sin. If Public Law 96-517, the 1980 law that allows
universities and small businesses to retain patent
rights for federally funded research, encourages
the development and marketing of products, U.S.
universities’ royalty income may increase. Stan-
ford University and the University of California
at Berkeley have already benefited from royalties
{approximately $2 million) for the Cohen-Boyer
patent for the basic recombinant DNA (rDNA)
process. However, university income from bio-
technology may be more dependent on whether
the firms developing and marketing biotech-
nological products or processes rely primarily on
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usual operating mode becomes in-house industrial
research, then royalty income to universities may

“The advantages and disadvantages of relving on patents or trade
secrets to protect intellectual property are discussed in Chapter 16:
Intellectual Property Law.
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412 . Commercial Biotechnology: An International Analysis

Table 66.—License and Patent Activity at 10 Leading U.S. Research Institutions

Fiscal year 1980 Federal R&D support

Current annual
royalty income

Current annual
number of

Institution Total ($000) Life sciences ($000) Type of activity disclosures (thousands of dollars)
1. Johns Hopkins . .. ... .. $239,869 $60,275 Licensing program 20 $90
2MIT ..o 141,011 24,200 Licensing program 164 1,500
3. Stanford University . . . .. 104,011 43,712 Licensing program 140 2,500
4. University of
Washington . .......... 100,567 54,968 Research foundation 28 120
5. University of California,
SanDiego. ............ 90,703 37,327 Licensing program® 320° 1 ,700a
6. University of California
Los Angeles. .......... 87,073 52,606 Licensing program®
7. Harvard University . . . . . 83,997 53,962 Licensing program 60 50
8. Columbia University . . . . 81,361 49,383 - 20 Minimal
9. University of Wisconsin . 80,460 43,342 Research foundation 75 6,000 (with invest-
ment income)’
10. Cornell University . . . . . 74,761 37,900 Research foundation 50 1,300

~University of California system. .
Investment income is the substantial portion

SOURCE: G. S Omenn, “University-Corporate Relatlons in Science and Technology: An Analysis of Specific Models,” Parfrrers irr the Research Errterprise, T, W, Langfitt,
S. Hackney, A. P. Fishman, et al. (eds.) (Philadelphia: University of Pennsylvania Press, 1983)

There are potential disadvantages to closer uni-
versity/Zindustry relationships, but some problems
can be avoided if participants are aware of poten-
tial difficulties and adequate safeguards are in
place. One potential disadvantage of closer rela-
tionships might be a tendency to increased secre-
cy on the part of university faculty; it should be
noted, however, that some secrecy has always ex-
isted when a particular faculty member is close
to a new discovery. A second potential disadvan-
tage is the danger that basic research in univer-
sities will be directed toward profitable lines of
inquiry instead of toward interesting questions
raised by past or recent findings. This might oc-
cur if there were a precipitous decline in Federal
support for research in universities and univer-
sities had to turn increasingly to industry for
financial support. A third potential problem is that
some universities might be associated with prod-
ucts and processes linking them to lawsuits for
damages, causing subsequent impairment of the
universities’ impartiality and credibility, Finally,
there is the danger that universities that tradi-
tionally have competed for the best faculty might
compete instead for the most lucrative industrial
contracts.

In general, the purposes of universities in the
United States are education, the conservation
of knowledge, and the pursuit of unrestricted
knowledge. The ends of a university and its facul -

ty are pursued in a relatively open environment
that allows the exchange of ideas and unrestricted
publication of research findings. This does not
mean that there is no competition among schol-
ars, nor is it to deny that secrecy can accompany
the desire to be first to announce a discovery (31).
Similarly, it does not mean that the pursuit of
knowledge for its own sake cannot be diverted
by the funds currently available for particular
kinds of endeavors (e.g.,, a “war on cancer” or
secret government research). Generally, however,
the pursuit by universities of the principles of
openness, aided by generous Federal funding for
basic research, has enabled the United States to
build the greatest research capability in the world.

In contrast to the purposes of universities, the
goal of industry is to make a profit, and the mode
of achieving this goal is competition. Industry is
output oriented, i.e., industry aspires to the effi-
cient production of goods and services. When a
company pays for research, it may expect owner-
ship of the results long enough to justify the in-
vestment to bring the product to market. In an
industrial setting, there is less willingness than
there is in a university setting to share research
materials; such materials are often kept as trade
secrets. The reason for greater secrecy in indus-
try is that development of a product is often risky,
costly, and fraught with many obstacles along the
route to success. Although the costs of develop-
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ing and marketing a product vary among indus-
tries and products, the development of a pharma-
ceutical product in the United States can cost
from $50 million to $75 million, with no guarantee
of profit (27). Thus, in industry, achieving a com-
petitive edge in a market necessitates guarding
communication and intellectual property, an oper-
ating mode quite opposite from that of univer-
sities (6,13).

Industries and universities undertake partner-
ships in biotechnology for a variety of reasons,
ranging from the desire by industry to gain ac-
cess to new technology, to gain a lead time in basic
knowledge, or to obtain trained personnel, to the
need by universities to fill shortfalls in funding.
Ultimately, it is hoped, the effect of the partner-
ships in the United States will be to facilitate and
speed up the process of domestic technology
transfer, since this is critical to the maintenance
of a competitive position by the United States. Ex-
amining U.S. university/industry relationships in
biotechnology is necessary in order to gain insight
into the process of technology transfer and to

determine if technology is being transferred in
a spirit of cooperation and without compromis-
ing the goals of two very different institutions.

E. David has described the fundamental char-
acteristic of optimal technology transfer between
universities and industry as a two-way synergistic
process between equal partners (6). Basic re-
search, usually carried out in universities, is essen-
tial to the process. It is important to note, how-
ever, that basic science itself cannot progress
without advances in technology, which often is
developed by industry. Just as, for example, Gali -
leo and Newton could not have made their con-
tributions to astronomy without the invention of
the telescope, the recent advances in molecular
biology could not have been made without ad-
vances such as the electron microscope, X-ray
crystallography, radioisotope labeling, and chro-
matography. Thus, universities and industry alike
must accept the requirements of the other institu-
tion and enter into agreements that maximize the
ability of each to maintain its standards and goals.

The effectiveness of university/industry relationships

in biotechnology transfer

Since most of the university/industry relation-
ships in biotechnology are new, it is difficult to
ascertain how effective the relationships in the
United States will be in transferring the technol-
ogy between universities and industry. An esti-
mate of their effectiveness can be made however,
by considering the following questions:

* Why are university/industry relationships in
biotechnology being formed?

* Are the relationships working smoothly?

* Has the way research is done in university
laboratories or the quality of university re-
search been affected by the relationships?

* Has collaboration among university research-
ers been affected?

* Has the quality of education been affected?

* Are there lessons to be learned from univer-
sity/industry relationships in fields such as
microelectronics?

* What forms are university/industry relation-
ships in biotechnology taking and what are
the associated issues?

* Are university policies with respect to uni-
versity/industry relationships (e.g., patent and
royalty agreements, handling of tangible re-
search property, and conflicts of interest)
being formulated?

+ What is the likely future of university/indus-
try relationships in biotechnology?

* And finally, how effective is universit,y/indus-
try technology transfer in countries likely to
compete with the United States in biotech-
nology?

At the request of OTA, two contractors inter-
viewed university administrators, faculty, and
graduate students (principally in biotechnology)
from the University of California, Berkeley, the
University of California, San Francisco (UCSF),
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Stanford University, Harvard University, Massa-
chusetts Institute of Technology (MIT), and Johns
Hopkins University, and representatives from 15
companies (a mix of new biotechnology firms and
other companies moving into the biotechnology
area) to obtain their opinions. Although this sam-
ple was not statistically representative, it included
some of the major U.S. companies and research
institutions working in biotechnology; thus, the
opinions came from individuals active and knowl-
edgeable in the field.

Why are university/industry
relationships in biotechnology
being formed?

OTA found an almost unanimous consensus
among both university and industry representa-
tives in the United States that universities are
seeking money from their relationships with in-
dustry, motivated in part by a reduction or fear
of reduction in Federal funding. Industry repre-
sentatives believe that universities want to gain
more real-world exposure for faculty and stu-
dents and offer them a look at “economic reali-
ty” (18), In addition, some faculty stated that in-
dustrial funding requires less administrative work
and is longer term than Government-funded re-
newable grants.

Are the relationships
working smoothly?

The perception of most of the respondents in
OTA'’S survey is that university/Zindustry arrange-
ments in the United States are working well. The
initial administration of agreements between uni-
versities and industry in the area of biotechnology
was inefficient, because new policies were being
formulated and new players (biologists, in con-
trast to engineers or chemists) are now involed
in interactions with industry. In addition, some
research administrators have had to learn how
to administer technology transfer agreements
(18). Some individuals have speculated that agree-
ments are working well because there are almost
no biotechnology products yet. Disagreements
may arise, especially in limited partnerships,
when product sales revenues are generated (18).

Has the way university research is
done or the quality of university
research been affected by the
relationships?

Respondents in OTA’S survey were asked to
consider two potential effects of university/indus-
try relationships on U.S. university research: ef-
fects on the way research is done (its focus or
methodology) and effects on the quality of the
research. Nearly 85 percent of those responding
believed that university/industry relationships in
biotechnology have had no effect on the way re-
search is done, and virtually all believed there has
been no change in the quality of research.

Has collaboration among university
researchers been affected by the
relationships?

Almost 85 percent of the respondents in OTA’S
survey who had an opinion about this issue be-
lieved that university/industry relationships in bio-
technology have had no substantial effect on the
exchange of information or the collaboration that
has existed among U.S. university researchers.
Most respondents believed that there is only
limited collaboration in rapidly evolvring areas of
science anyway and that levels of communication
vary among faculty. Industry representatives
commented that faculty having consulting ar-
rangements should keep proprietary information
confidential (18).

Has the quality of education students
receive been adversely affected by
the relationships?

Slightly more than half of those who responded
to this question said there has been no change
in the quality of education students receive, The
others said that if there has been any effect, it
has been to enhance the quality. Two forces will
probably keep the quality of education at Ameri-
can universities unaffected by university/industry
relationships in biotechnology. First, the goal of
the faculty and university administrators to pro-
tect and maintain standards of academic excel-
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lence will continue to influence the arrangements
that universities make with industry. Second,
students themselves can be expected to monitor
the situation and act to prevent any deterioration
n the quality of education they receive. Some stu-
dents have encountered problems at the Univer-
sity of California, Davis and Stanford University
sampuses, for example, and seminars and meet-
ngs have been held to address them. Faculty and
Jniversity administrators have been involved in
sfforts to address the problems and to ensure that
students’ education is not compromised.

Are there lessons to be learned from
university/industry relationships in
fields such as microelectronics?

The development of the U S. semiconductor in-
dustry is often suggested as a comparison for the
development of biotechnology (see Appendix C:
A Comparison of the U.S. Semiconductor Industrv
and Biotechnologyv). Virtually all of the basic re-
search in electronic engineering carried out by
U.S. universities during the 1950’s and 1960's was
supported by the Federal Government. In addi-
tion, however, a specific program in electronics
research was funded by the Joint Services of the
US. Depdrtment of Defense (DOD). DOD’s pro-
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e extending basic knowledge in electronics;

¢ strengthening the scientific qualifications of
electrical engineering faculty;

e training students to enter research positions
at industrial, government, and university lab-
oratories; and

e developing new ideas that could be exploited
in the development of new systems and de-
vices in applied research and development
labs.

Because of the infusion of capital from DOD’s
program, there developed at U.S. universities a
research and training infrastructure that facili-
tated the growth of the U.S. semiconductor indus-
try. From the mid-1950's on, this infrastructure
generated increasingly open cooperative ties be-
tween university electrical engineering depart-
ments and private companies. By 1961, nearly half
of the 400 graduate students in Stanford’s elec-

tronics program were emplovees of local industry
who attended Stanford on a part-time basis and
whose education was paid for by private company
contributions. Moreover, members of Stanford's
electrical engineering facultv sat as directors
on the boards of 13 corporations (including one
board chairman and one half-time company presi-
dent). Nearly all of the 30-0dd electrical engineer-
ing faculty members spent one-half to 1 day per
week consulting for private industry. Moreover,
four or five faculty members were virtual million-
aires as a result of equity participation in com-
panies with which they were associated as either
board members or consultants. During the inten-
sifying Cold War atmosphere surrounding the

1. hinag nf ik C 2t
launching of Sputnik in the late 1950's, most in-

dividuals in academia, government, or industry
were not troubled by these overt cooperative ties
between the semiconductor industry and univer-
sity electrical engineering departments. Neither
the quality of the education nor acadcmic free-
dom appeared to suffer substantially; in fact, all
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were probably enhanced (2).

The impact of Federal research funding at uni-
versities during the 1950's and 1960’s thus had
intended and unintended effects. Federal moneys
purposefully developed the research and train-
ing infrastructure at universities necessary to feed
industrial growth, and, in turn, laid the basis for
widespread but largely unintended collaborative
ties between American universities and the U.S
semiconductor industry. Major universities seized
on Federal funds to become the concentrated lo-
cational foci for the rapid growth of the dynamic,
new U.S. semiconductor industry. However, few
semiconductor innovations emerged directly from
federally funded university research.

The potential industrial applications of biotech-
nology, by contrast, have emerged directly from
publicly funded academic biomedical research.
As biotechnology has been moving to the mar-
ket, universities have been buffers in commer-
cializing the fruits of public funding, because they
are virtually the sole source of basic know-how.
Many of the new firms in the field of biotech-
nology have sprung out of academia, whereas in
the semiconductor field, ample DOD procurement
helped to create industrial know-how and en-
couraged industrial spinoff. In the area of biotech-
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nology, the traditionally distinct roles of the uni-
versity as source of research and training and
of industry as source of commercialization are
blurred. Though the consulting arrangements,
equity arrangements, and research contracts be-
tween U.S. universities and industry in the field
of biotechnology resemble in form the coopera-
tive ties that emerged between U.S. universities
and industry in the field of semiconductors, their
timing, substance, and scale are significantly dif-
ferent (2).

What forms are university/industry
relationships in biotechnology
taking and what are the associated
issues?

The major issues in university/industry relation-
ships, though derived in part from the differences
between the two institutions, are also set in a con-
text of broader social and economic issues. Thus,
the discussion of types of university/Zindustry ar-
rangements below is set in this context of broader
issues. First a caveat: industry and universities are
not monolithic institutions. The variability within
each of these two institutions is as least as great
as, if not greater than, the variability between
them. This diversity is essential to the health of
both and must be borne in mind in any discus-
sion of university/Zindustry arrangements, because
no two arrangements are identical.

In the following discussion, five broad types of
university/industry arrangements in biotechnol-
ogy are considered:

. consulting arrangements,
industrial associates programs,
research contracts,

. research partnerships, and

. private corporations.

Additional information about specific university/
industry relationships in biotechnology is pre-
sented in Appendix H: Selected Aspects of U.S. Uni-
versity/Industry Relationships in Biotechnology.

By far the most common form of interaction
is personal interaction among scientists. Personal
interactions can include consulting arrangements,
personnel and publication exchanges, seminars,

and speaker programs. Issues arise most often
with regard to consulting arrangements.

CONSULTING ARRANGEMENTS

Consulting is important for several reasons. It
allows direct technology transfer between univer-
sities and industry that goes in both directions.
Academicians agree that consulting keeps them
apprised of new innovations in industrial R&D
and that their knowledge can be applied to new
kinds of problems related to, but outside of, their
on-campus research. University faculty who con-
sult publish more than faculty who do not con-
sult (this may be a chicken and egg situation); they
also do more research and participate as active-
ly in their administrative duties as faculty who
do not consult (17). Furthermore, consulting plays
a significant role in faculty salary supplementa-
tion: 44 percent of calendar year faculty at doc-
toral granting institutions in the United States
report that consulting is their first or second
largest source of supplemental income (17). Con-
sulting relationships have led to longer term in-
dustrial support of U.S. university research such
as that provided by Monsanto to Washington Uni-
versity (see below) and Harvard and that provided
by Exxon to MIT.

Industry views consulting arrangements with
university faculty essentially as having an expert
on retainer. Most U.S. universities have policies
on consulting, but the policies vary. Some exam-
ples of university policies on consulting are
presented in appendix H.

University consulting policies typically have pro-
visions regarding conflict of interest, time regula-
tion, disclosure, and policy enforcement. In most
cases, policy enforcement is based on an honor
system; each faculty member who consults is per-
sonally responsible for adhering to this. Although
some faculty members may not always observe
the rules, with incentives to carry on good re-
search, train graduate students, and publish find-
ings, most university faculty are not motivated
to pursue consulting activities to the point where
conflicts of interest occur on a regular basis. Dis-
closure policies are of interest for public access
to objective scientific information. An argument
could be made that because the public has sup-
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ported research in universities, it has a right to
know whether a particular university faculty
member who is giving testimony, for example, has
a consulting relationship with a company that
manufactures a particular potentially harmful
chemical. The negative side of disclosure policies
is that “objective” information maybe judged *“sub-
jective” because of guilt by association. If a facul-
ty member’s consulting arrangement with indus-
try is declared openly, it is not necessarily the case
that his or her testimony is biased. In fact, the
expert may have a more objective view because
he or she understands both the research and de-
velopment aspects of the technology.

INDUSTRIAL ASSOCIATES PROGRAMS

Industrial associates programs usually involve
entire university departments or groups of spe-
cialists within a department. Companies pay a set
annual fee that allows them to participate in
seminars, interact with graduate students and
faculty, and preview publications.

Industrial associates programs allow university/
industry contacts and at the same time avoid con-
flict of interest problems and patent agreements.
These programs exist at several U.S. universities,
and some ongoing programs now include biotech-
nology. At MIT, for example, the Industrial Liaison
Program has begun to include biotechnology as
a subject of its symposia and seminar series. One
of Stanford’s 19 industrial affiliates programs is
a program in biochemistry. And Pennsylvania
State University has just initiated a Cooperative
Program in Recombinant DNA Technology.

Industrial associates programs facilitate tech-
nology transfer between universities and indus-
try, open up opportunities for further consulting
and contract arrangements, provide funding for
graduate students and faculty research, and give
industry access to graduate students for future
employment. Industrialists generally view these
programs as useful. However, some industrialists
believe that a few university programs tend to
give the impression that research results are be-
ing sold to members only. Exclusivity is not the
purpose of these programs; rather, their purposes
are support of research activities and continuing
open lines of communication of research results.

RESEARCH CONTRACTS

University research contracts with industrial
sponsors have been and continue to be an impor-
tant type of university/Zindustry relationship in
biotechnology. Research contracts differ from
consulting arrangements in that the industrial
sponsor is usually paying for a specific piece of
research or supporting general research activities.
Contractual arrangements often grow out of con-
sulting or industrial associates programs and are
usually motivated by industry’s need for research
that complements research being done in-house
or for some expertise in a new area.

Several of the university research contracts
with industrial sponsors in biotechnology have
been large and have elicited questions regarding
issues such as commingling of funds, patent
rights, and disclosure of equity or other finan-
cial arrangements between the industrial spon-
sor and the principal investigator. The larger
agreements have received extensive press cover-
age.

Issues of conflict of interest, invention rights,
commingling of funds, and university policies re-
garding the processing of contractual arrange-
ments are all important. It is interesting to note
that MIT, which traditionally has had a close rela-
tionship with industry and has a relatively larger
(7 percent) share of industrial sponsorship than
other American universities, has the most explicit
guidelines for consulting, disclosure, and proc-
essing of industry-sponsored contracts. other
universities, notably, Johns Hopkins, Harvard, and
the University of California, are moving toward
more explicitly stated policies. See appendix H for
descriptions of selected university policies on
sponsored research and patents.

RESEARCH PARTNERSHIPS

Another type of university/Zindustry arrange-
ment taking place in biotechnology is the joint es-
tablishment of a research foundation, institute,
or long-term collaborative arrangement by an in-
dustrial sponsor and a university. Three recent
ones, further described in appendix H, are well
known: the Hoechst/Massachussetts General Hos-
pital agreement, the Monsanto/Washington Uni-
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versity agreement, and the Whitehead Insti-
tute/MIT agreement. These arrangements raise
several issues, some of which are pertinent to only
one or two of them, others to all three.

The agreement between the West German com-
pany Hoechst and Massachusetts General Hospi-
tal, for example, raises the issue of foreign invest-
ment in and foreign benefit from U.S. Govern-
ment-funded research. This agreement also raised
the issue of commingling of funds (see below). For
both the Hoechst and Whitehead Institute agree-
ments, faculty selection is an issue because of the
need for balance in subdiscipline in biology in
Massachusetts General Hospital’s medical school
and MIT’s biology department, respectively. Other
issues raised by these agreements are external
peer review of projects and controls on rights to
publish. Another issue is the terms of termina-
tion of the agreements and whether adequate
notification provisions have been made for the
university to seek other support.

In the Hoechst/Massachusetts General Hospital
agreement, the company will pay for all equip-
ment and other expenses in order to ensure that
there will be no Federal support of the research.
Questions will arise if faculty cooperate with
other researchers who are funded, for example,
by the National Institutes of Health. Provisions
have been made in both the Hoechst and White-
head agreements to separate faculty selection and
consulting. Choice of directions of research is the
responsibility of the Whitehead Institute’s direc-
tors and scientific board, all of whom have high
academic reputations. Provisions for termination
of the agreements vary, but they have been clear-
ly stated.

Several States have established institutes for bio-
technology development that encourage inter-
actions between industry and universities. The
North Carolina Biotechnology Center and the
Molecular Biology Institute in Michigan have
already been established; other States are in the
process of establishing such centers. *

.For a list of State government initiatives for high-technology in-
dustrial development, see Technology, Innovation, and Regional Eco-
nomic Development: Census of’ State Government Initiatives for High-
Technologv Industrial Development-Background Paper (28).

PRIVATE CORPORATIONS

Innovative approaches to connecting university
research to commercial developments in biotech-
nology are being initiated. The establishment of
Engenics (with Stanford and the University of
California, Berkeley) and the establishment of
Neogen (with Michigan State) are examples of two
different approaches. For descriptions of these
arrangements, see appendix H.

The Engenics arrangement is funded by six cor-
porations, with money flowing through the simul-
taneously established nonprofit Center for Bio-
technology at Stanford. The Center for Biotech-
nology funds contract research on the campuses
of the University of California, Berkeley, and Stan-
ford (and also funds one contract at MIT) and will
funnel royalty income back into the university to
fund more research. Neogen was established to
utilize limited partnerships and tax benefits as a
vehicle to allow Michigan State University facul-
ty to remain on campus and simultaneously allow
entrepreneurial ideas to flourish. Neogen’s royal-
ties are funneled back to the university through
the nonprofit Michigan State University Founda-
tion.

It is too early to evaluate the Engenics and Neo-
gen arrangements. It should be noted, however,
that potential challenges could arise with respect
to adequate mechanisms for peer review of proj-
ects, applied research being done on campus, con-
flicts of interest of professors, and a private com-
pany doing the same type of work as is being done
on campus with the on campus principal investi-
gator having ties (equity, consulting, board mem-
bership) to the company.

Are university policies with respect to
university/industry relationships
being formulated?

The control of intellectual property, commingl-
ing of funds, tangible research property, and con-
flicts of interest are issues that cut across all
university/industry arrangements and ultimate-
ly affect technology transfer and the U.S. com-
petitive position in biotechnology. University pol-
icies with respect to these issues are addressed
in the discussion that follows, and additional in-
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formation about university policies is presented
in appendix H.

INTELLECTUAL PROPERTY

Different traditions have developed in the
United States to deal with different kinds of prop-
erty. Although some U.S. universities allow the
faculty member who developed the invention to
retain any patent rights, most require those rights
to be transferred to the institution. Created works
are subject to copyright laws. Most institutions
assert that ownership, but universities do not
assert rights to books written by faculty (14).

Patent&—Issues relating to patent agreements
can be divided into two kinds: those dealing with
retention of rights to an invention and those deal-
ing with decisions regarding exclusive or non-
exclusive licenses.

The rights of small businesses, universities, and
other nonprofit organizations to inventions made
under research sponsored by the U.S. Govern-
ment are addressed in the 1980 U.S. patent law,
Public Law 96-517. An Office of Management and
Budget (OMB) circular, Circular A-124, “estab-
lishes a standard Patent Rights clause to be
included in all Government grants and contracts
with such organizations, which gives these invent -
ing organizations the right to retain title to the
inventions. The Circular also requires agencies
to modify existing regulations to bring them into
conformity with the Circular” (7). Public Law
96-517 was passed with the recognition that the
public interest can in most instances be promoted
by allowing exclusive licenses under those circum-
stances. In a competitive economy, private enter-
prise will not invest funds to develop ideas that
can be duplicated with impunity. Without ex-
clusive licenses, important investigations made at
Government expense would remain undeveloped
because development costs are high. Thus, these
inventions would never be available to the public

(o).

The consensus expressed in recently developed
university guidelines for industrial sponsorship
of academic research is that granting of exclusive
or nonexclusive licenses will be on a case-by-case
basis to the corporate sponsors of research. Sum-
maries of State Agricultural Experiment Stations

(SAES) and Pajaro Dunes Conference guidelines
are presented in appendix H. In some cases, an
exclusive license is given to allow time for develop-
ment of the product. There is a division of opin-
ion on whether exclusive licenses should be
granted on all discoveries that result from univer-
sity research funded by an industrial sponsor:
some university representatives believe that an
exclusive license should be granted, while others
believe that the university should provide a non-
exclusive royalty free license (see Pajaro Dunes
Conference guidelines in appendix H). Most agree,
however, that if a faculty member’s research is
being sponsored by a company in which the facul-
ty member has substantial interest and/or equi-
ty, the university should grant only a nonexclusive
license. In most of the major multimillion dollar
university/industry agreements being struck in
biotechnology, the corporate sponsor is receiv-
ing some exclusive rights to inventions developed
as a result of the funding. In all arrangements be-
tween industry and universities, it is essential that
the patent issues be carefully thought out in
advance. *

COMMINGLING OF FUNDS

Since one of the purposes of the 1980 U.S. pat-
ent law (Public Law 96-5 17) is to foster coopera-
tive research arrangements among Federal Gov-
ernment agencies, universities, and private in-
dustry, one question that immediately arises is
the potential for commingling of funds. Currently,
for agreements struck after 96-517 became law,
no exemption for Government de minimus pro-
visions has been made. Where the Government
has funded a small percentage-even 1 or 2 per-
cent of direct costs—then the provisions of Public
Law 96-517 and OMB Circular A-124 apply.

The Comptroller General of the United States,
in his reply to Congressman Albert Gore concern-
ing the possibility for commingling of funds in the
Hoechst/Massachusetts General Hospital agree-
ment stated, “MGH must account separately for
all expenses leading to an invention, including the

cost of research itself as well as indirect or
overhead costs, t. b,able to show that the

“For adiscussion of,pa!ent issues in surh agreements, see P. Hutt,
“Unive rsity/Corpo rat ~ Research Agreements” ( 10)
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expenses were paid with funds provided by
Hoechst” (23). After reviewing the terms of the
contract, the Comptroller General ruled that it is
possible for Massachusetts General Hospital to
separate the funds properly.

TANGIBLE RESEARCH PROPERTY

A basic principle among scientists is that re-
search findings should be communicate prompt-
ly to the scientific community by written and oral
means. Written and oral processes, however, are
not sufficient to disseminate tangible products of
research such as the antibody-producing cell lines
and plasmids used in biotechnology.

Stanford University developed in March 1982
a specific policy on tangible research property
(TRP), defined as “tangible (or corporeal) items
produced in the course of research projects, ” in-
cluding items such as “biological materials, com-
puter software, computer data bases, circuit dia-
grams, engineering drawings, integrated circuit
chips, prototype devices and equipment, etc.” (16).
Stanford’s policy was promulgated to protect the
university’s ownership in such property consist-
ent with the policy of promoting the prompt and
open exchange of TRP and associated research
data with scientific colleagues outside the in-
vestigator’s immediate laboratory. Controlling the
distribution of TRP, subject to provisions of ap-
plicable grants or contracts and university policy,
is the responsibility of the principal investigator.
Such control includes determining if and when
distribution of the TRP is to be made beyond the
laboratory for others’ scientific use.

WARF has developed a confidential disclosure
agreement in order to disseminate or license in-
tellectual property, tangible or intangible proper-
ty, and products arising from work conducted at
the University of Wisconsin. In order for the re-
ceiver to obtain the materials, the following con-
ditions must be met (3):

. The materials will be received and held in con-
fidence by the receiver. Only persons within
the receiver’s organization and only those
essential in the evaluation of the materials will
be permitted access to the materials.

. If opinions or services of other persons outside
the receiver’s organization are needed, then
the receiver will notify WARF and the confi-

dential disclosure agreement will be executed
with that person.

. The receiver will not commercially utilize the
material or any part thereof without written
consent of WARF or prior to entering into a
licensing arrangement with WARF.

Recently, a dispute over the ownership of a cell
line that produces interferon arose between the
University of California and the Swiss company
Hoffmam-La Roche. The University of California,
as the institutional home of the scientists who cre-
ated the cell line, claimed ownership of the cell
line and the right to future royalties. Hoffmann -
La Roche also claimed ownership on the grounds
that it had funded the university research that
increased interferon production by the cell line
and filed a patent application covering this in-
terferon production process. Lawyers from the
university sued the company, arguing among
other things that the firm had made unauthor-
ized use of the material, taking commercial ad-
vantage of the open exchange of information and
material among academic scientists. This suit was
settled out of court, but the settlement has not
been made public.

Another recent case has left unresolved the is-
sue of ownership of a cell line (24). H. Hagiwara,
a visting Japanese researcher at the University
of California, San Diego, took, without permission,
a hybridoma fused from cancer cells taken from
his mother and used the resulting monoclinal
antibodies to treat her for cancer. Although the
usefulness of the treatment has not yet been eval-
uated, the cell line may have commercial poten-
tial, so the issue of ownership is important. The
University of California sued Hagiwara, stating
that, as the research institution, it owned the cell
line. This case has been settled with the Hagiwara
Institute of Health (Hagiwara’s father is the direc-
tor) obtaining exclusive license in Japan and other
Asian countries and the patent rights assigned to
the University of California. Some argue that a
hybridoma is a newly created entity, so the donor
has no rights of ownership; others contend that
cell donors should automatically be given a share
of any subsequent profits (24).

CONFLICT OF INTEREST

Conflict of interest situations have both finan-
cial and intellectual components. A potential con-
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flict of interest could arise if a university held
equity in a company in which a faculty member
of the university also held equity interest as a line
officer. This situation arose in a Harvard proposal
to establish a firm to commercialize the research
of one of its professors. The proposal was subse-
guently withdrawn, and Harvard President Derek
Bok described the potential problems with the ar-
rangement (I):

* The administration could be exposed to dis-
agreements not only with the faculty partners
but also with other nonpartner faculty who
might also want support.

+ Commercial ventures could impose responsi-
bilities on the university it doesn’t have when
its endowment invests only in shares of many
companies.

+ Conflicts could arise if the university were asso-
ciated with particular products and a public
that expects high standards from the universi-
ty were dissatisfied with the standards of
marketing or the products.

+ The arrangement could inevitably change and
confuse the relationship of the university to its
professors. A faculty member who joins with
the administration in founding a new company
is no longer valued merely as a teacher and
scholar; he becomes a source of potential in-
come to the institution.

« There could be more doubt concerning deci-
sions made with respect to qualifications for
tenure, extra leave, larger laboratory space,
more graduate students, salaries, etc.

* Professors might become so involed with the
challenges of seeing an enterprise grow and de-
velop that their work commitment to univer-
sity duties might be diminished. The universi-
ty would be in a prejudiced position regarding
assessment of that person’s performance of
work since that person’s commercial success
would be linked to that of the university.

+ Participation would increase the risk of secre-
cy, and'the university could have a stake in sup-
porting that secrecy.

A potential conflict of interest and commitment
arises when a professor holds equity within a
company that engages in the same type of activi-
ties as the university. This issue has been raised
in the activities of Calgene. The State Agricultural
Experiment Station (SAES) at Davis helps develop
new varieties of plants for California growers.
University of California professors, including Ray

Valentine, have part-time employment at the sta-
tion. Calgene, a company Valentine founded, is
undertaking for profit the same kinds of activities
as the SAES undertakes for growers. Thus, there
is a potential source for conflict and for taking
the results of work off campus and marketing
them through the company.

University conflict of interest policies and con-
sulting policies vary, but university policies are
becoming more explicit, in part because univer-
sities are responding to developments in biotech-
nology. It is interesting to note that MIT, which
has traditionally had extensive contacts with in-
dustry, has explicit policies on industrially spon-
sored research. In addition, several organizations
are setting guidelines for industrial sponsorship
of academic research (see app. H).

At the request of Representative Albert Gore,
the American Association of Universities (AAU)
reviewed the ethical dilemmas posed by increases
in industrial support for research. AAU suggested
that it serve as a clearinghouse and monitor ac-
tivities at the major American universities with
regard to the formulation of policies. AAU decided
not to develop policies, because “conditions exist
[in the universities] for intelligent and thoughtful
decisionmaking on these issues and policies that
are informed by wide experience and that are tai-
lored to individual circumstances are preferable
to injunctions broady enough cast to cover the
multitude of local circumstances that exist among
many universities” (15).

Also, representatives from universities, indus-
try, and the legal community are now meeting
to review issues and communicate more effective-
ly. Recent meetings have been hosted by Colum-
bia University, the Gulf Universities Research Con-
sortium, the Industrial Biotechnology Association,
Florida State University, Harvard, and the Bar of
the City of New York, and a meeting in Philadel-
phia in December 1982 was hosted by eight ma-
jor research universities (15).

It is clear that recent activities to formulate ex-
plicit policies are advantageous in helping to de-
fine the role of the university and ultimately facil-
itating effective technology transfer between uni-
versities and industry. Technology transfer will
be most effective if both sides are strong, vibrant,
creative, and have something to offer each other.
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What is the likely future of
university/industry relationships
in biotechnology?

A comparison of the responses to OTA’S survey
of university and industry groups in the United
States shows that both groups see the future of
university/Industry relationships in biotechnology
as depending largely on the success of biotech-
nology companies in getting products into mar-
kets. There was divergence of opinion among the
respondents, however, on what kind of research
assistance—broad basic research or more special-
ized research-industry would seek from univer-
sities, In biotechnology as in other fields, an in-
crease in the actual number of industry/univer-
sity relationships and an increase in the total
amount of funding made available by industry can
be expected to develop over the short term (18).

U.S. university/industry relationships in biotech-
nology will most likely follow the same pattern
that they have in other high-technology areas.
First, scientific breakthroughs generate a period
of hyperactivity in universityZindustry relation-
ships. This hyperactivity phase is characterized
by the promise of “big bucks,” which leads to a
short-term faculty and post-graduate drain. After
the industry goes through its initial phases, an
equilibrium state is reached and a fairly healthy
symbiotic relationship emerges.

How effective is university/industry
technology transfer in countries
likely to compete with the

United States in biotechnology?

The countries identified in this assessment as
being the most likely major competitors of the
United States in biotechnology are Japan, the
Federal Republic of Germany, United Kingdom,
Switzerland, and France.

JAPAN

Japan has a mixed situation with regard to uni-
versity/industry relationships in biotechnology.
First, a distinction should be made between in-
stitutions and individuals. At the national univer-
sities, which are at the top of the Japanese univer-
sity hierarchy, institutional ties are very strictly

regulated. At the level of individual professors,
however, there is considerable opportunity for
interaction. A second distinction is between the
basic and applied sciences. The distinction and
separation of basic and applied science depart-
ments at Japanese universities is strong. Japanese
professors in disciplines such as biology, bio-
chemistry, and medical science are proud of their
independence from industry. Professors in ap-
plied disciplines such as bioprocess engineering,
on the other hand, have ongoing contacts with
industry. Japanese professors in applied science
departments are considered to have a moral
obligation to place their students as employees.
Consequently, they tend to maintain good rela-
tionships with industry. Furthermore, because
former students are members of industry, infor-
mal contacts continue.

Even though Japanese professors in applied sci-
ences have contacts with industry, the level of
exchange of information between universities and
industry in Japan is not as high as that in the
United States. Japanese professors at the national
universities are forbidden to take other positions
simultaneously with their university work, and
all donations toward their research must be made
through formal university channels. No fees for
consulting can be accepted, and offers of stock
options are unheard of. Japanese professors were
not allowed to hold patents or collect royalties
until 1981. Because of the restrictions on both
professors and industry, Japanese professors
often quit their posts to work in industry or
private laboratories where facilities-and salaries
are better than in the universities. They do this
in spite of the fact that there is a great deal of
social prestige attached to being a professor.

There are only two mechanisms through which
Japanese industry can channel funds to a univer-
sity. One of these, the “itakuhi,” is commissioned
research on a particular topic. The company sup-
plies a researcher and some funds, usually only
$500 to $1,000 (Y 125,000 to * 250,000), to a
university professor. This mechanism allows the
company to have its researchers trained by the
professor and the professor’s staff, the professor,
in turn, gets extra help in doing his research. The
second mechanism, the “shogaku kifukin,” is a
scholarship grant donated to a specific universi-
ty researcher but not for a specific topic. The
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grant money must be used only for equipment
and other direct costs, not personnel costs; no
overhead is charged by the university, and there
is no limit on the amount. Money for these grants
must be channeled through the Ministry of Educa-
tion. Within this framework, there are a number
of administrative obstacles in terms of hierarchy
of approvals necessary, different policies on pat-
ents among departments, etc. In spite of the tight
control of channels of funds and lack of consult-
ing opportunities for Japanese professors, about
10 percent of all university funding for research
in Japan does come from industry. Most of this
is probably channeled to applied research (22).

The Science and Technology Agency (STA) has
established the New Technology Development
Fund in order to subsidize Japanese companies
that develop and commercialize university re-
search findings. The fund will probably be used
to transfer technology between applied science
departments and industry, which already have
good relations, rather than between basic science
departments and industry.

Another STA program is designed to cross tradi-
tional barriers between university basic science
departments and industry and between the Minis-
try of Education and the Ministry of International
Trade and Industry (MITI). Research responsibilities
in STA’S program are allocated between univer-
sity and corporate laboratories. The success of the
program will depend in part on getting MITI, the
Ministry of Education, and basic research depart-
ments to work together. Basic researchers have
already asked the Ministry of Education to super-
vise the project, so there is some doubt as to
whether the program will be successful. If super-
vision stays in Ministry of Education, the link with

industry will be weakened.

Research in Government institutes makes up for
the lack of technology transfer from the heavily
regulated Japanese universities. In almost every
major industrial sector in Japan, there are a num-
ber of governmental research institutes that do
background research for MITI policy makers and
where professors, industry representatives, and
Governrnent officials meet for discussion. Mitsui

Information Development and Normura Research
Institute have been used for background research
in biotechnology.

In addition, the Japanese Government is build-
ing two biotechnology centers, each with a P4-
level laboratory facility: one in Tsukuba (a new
university research community) and one at osaka
University. The P4 facilities will be available to
private sector corporations via contacts with uni-
versity professors. Four other universities were
designated by the Ministry of Education to have
P3 level facilities and received $640,000 ( * 160
million) in fiscal year 1981 to help build them: 1)
Tokyo University Medical Research Institute; 2)
Kyoto University Chemistry Research Institute;
3) osaka University Microbial Disease Research
Institutes; and 4) Kyushu University Medical De-
partment. These large-scale biotechnology facili-
ties administered by the Japanese Government
will provide a place for university professors,
Government researchers, and company research-
ers to work together.

The applied science departments of Japanese uni-
versities have been instrumental in Japan in pro-
viding training and information exchange in bio-
technology. At present, university basic research
in Japan is peripheral to Japanese industrial ac-
tivities. If Japan intends to develop a greater basic
research capacity that industry can draw on,
funding for basic research will have to be in-
creased and mechanisms to increase communica-
tion between researchers and industry will have
to be implemented, Japanese companies look to
other countries to make up for the weaknesses
in the technology transfer from Japanese univer-
sities. Whether the Japanese will have a com-
petitive edge in biotechnology will rest, in part,
on the differences in industrial relationships
in applied and basic research. If biotechnology
develops such that most research moves into in-
dustry, then the present system will be adaptive.
If strong basic research and effective domestic
technology transfer by universities is important
to the development of biotechnology and if inter-
national technology transfer proves ineffective,
then the Japanese system will have to change (22).

FEDERAL REPUBLIC OF GERMANY

Biotechnology research in the Federal Republic
of Germany is carried out at the federally sup-
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ported, private Max Planck institutes as well as
in German universities. * Critics have charged that
the Max Planck institutes may be depriving the
universities of talent by drawing away promis-
ing researchers and that they are “ivory towers”
conducting research of little relevance to the na-
tion’s technological well-being. The Federal Minis-
try for Research and Technology (BMFT, Bundes-
ministerium fur Forschung und Technologies)
would like to see closer connections between the
Max Planck institutes and industry. One success-
ful outcome of its strategy is the recent coopera-
tive agreement between the Max Planck Institute
for Plant Research and Bayer Leverkusen.

The university system is in flux. Beginning in
the 1960’s, West German universities were sub-
jected to a series of reforms that left the system
in turmoil. According to one recent analysis (11):

The underlying trouble is that West Germany
has sought to reconcile several irreconcilables—
the principle of open access to any university in
the country, the doctrine that all universities are
equal, the practice that the universities are run
by the ministries of culture in the Lander in
which they happen to be sited, and the phenom-
enal increase in the demand for higher education
in the past twenty years.

The result is a university system in which litiga-
tion about the rights and duties of students and
faculty sometimes seems to take precedence over
research and teaching,

A lack of money has recently added to the ad-
ministrative and legal conflicts created by the
West German university reforms. Biotechnology
in the universities, both because of financial cut-
backs and because it is a new discipline, depends
on outside sources of funding. Probably the larg-
est single source of funding is the German Re-
search Society (DFG, Deutsche Forschungsge-
meinshaft), a nonprofit institution that serves as
a German National Academy of Sciences and as
a conduit for Government funding of basic re-
search. The approval by DFG of a “special col-
laborative project” on bioconversion in Munich
will give a boost to academic work in this area.

o For a description of Federal applied research carried out through
the Society for Biotechnological Research, GBF, see Chapter 13: Gov-
ernment Funding of Basic and Applied Research.

Other sources of funding for biotechnology in
universities include the Fraunhofer-Gesellschaft
and the Volkswagen Foundation, as well as private
industry. Relations with industry in the past have
largely taken the form of contracts or consulting
agreements between individual professors and in-
terested firms. Hoechst’s arrangement with Mas -
sachusetts General Hospital (see app. H), however,
has prompted BMFT to seek more systematic uni -
versity/industry collaborations within West Ger-
many. One product of BMFT’s initiatives in this
area is an agreement between the German chem-
ical company BASF and the University of Heidel-
berg whereby the chemical company will give the
university $45o0000 per year for research over
a 5-year period. BASF’S commitment is more
modest than Hoechst’s support for Massachusetts
General Hospital. Nevertheless, it marks an im-
portant step in the German Government’s effort
to engage the private sector in building up fun-
damental research in biotechnology inside Ger-
many.

Among the factors cited to explain West Ger-
many’s slow entry into commercial biotechnology
is an educational system that prevents the kind
of interdisciplinary cooperation that is viewed by
most experts as essential to the development of
this field. In particular, the traditional separation
of technical faculties from their arts and sciences
counterparts means that process technicians,
usually located in the technical schools, rarely
come into contact with colleagues holding univer-
sity appointments in biochemistry or microbi-

ology.

One of BMFT’s professed aims since the adop-
tion of its performance plan for biotechnology has
been to bridge this institutional gap.** A signifi-
cant contribution toward meeting this objective
is made by the German Society for Chemical En-
gineering (DECHEMA, Deutsche Gesellschaft fur
chemisches Apparatewesen). DECHEMA played
a crucial role in the original formulation of BMFT’s
biotechnology program. Its working group on
“technical biochemistry” was charged in 1971
with preparing a study on biotechnology that es-
tablished the framework for the BMFT program.

*“ o BMFT's performance plan, Leistungsplan: Biotechnologie, is dis-
cussed in Chapter 20: Targeting Policies in Biotechnology.
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DECHEMA continues to further interdisciplinary
exchanges through a variety of means. Its expert
group on biotechnology is a standing body that
brings academics and industrial scientists into
regular contact at seminars on biotechnology for
small groups of experts. Attendance at these is
by invitation, and one of their functions is to fur-
ther a fruitful dialog between industry and aca-
demia. The confidential character of these meet-
ings permits research scientists to discuss their
results at prepublication stages. At the same time,
industry representatives can present their own
problems with the hope of interesting academic
groups in their resolution. Finally, DECHEMA also
organizes continuing education courses in various
aspects of biotechnology, such as the use of im-
mobilized enzymes or measurement and control
of bioreactors (11).

UNITED KINGDOM

A traditional weakness in the united Kingdom
has been a gap between university research and
industry. This gap in the area of strategic applied
research has been termed the “pre-development
gap.” Them is consensus that the National Enter-
prise Board set up to foster university/Zindustry
relationships failed. The National Enterprise
Board is now called the British Technology Group
(BTG), and measures have been taken to improve
its efficiency. Also, new institutions for biotech-
nology have been developed. Furthermore, direct
contacts between British universities and industry
have recently increased, in part because of eco-
nomic conditions.

To stimulate the transfer of university basic sci-
ence research in health-related fields to industrial
applications, the British Government and four in-
dustrial partners created a new company, Cell-
tech, Ltd., in 1981. In the original agreement, Cell-
tech received the right of first refusal* on all
work in hybridoma technology conducted by the
Medical Research Council. Celltech also plans to
commercialize the results of basic research in
rDNA technology. Currently, the British Govern-
ment owns 28 percent of the company and pri-
vate companies hold the other 72 percent. Cell-
tech’s initial capitalization was $20 million (<11.4)

*This is the right to choose whether to produce any good orserv-
ice without having to bid competitively.

25-561 0 - 84 - 28

million). Celltech currently maintains a staff of
130 persons, two-thirds of whom are scientists.
It is likely to increase this number to 180 persons
in the near future.

In an arrangement similar to that of Celltech,
the British Government, through BTG and two
private concerns (Ultramar and Advent Eurofund),
recently established the company Agricultural Ge-
netics. The objective of this company is to com-
mercialize basic research results in nonconven-
tional plant breeding, microbial resistance factors,
and biological control products originating from
research in the Agricultural Research Council. Ag-
ricultural Genetics has the right of first refusal
on all work in the Agricultural Research Coun-
cil. Though only about $1.2 million (685,000) has
been invested to date, the total initial capital prom-
ised approaches $28 million ( 16 million).

To encourage direct links between academia
and manufacturers, the Cooperative Research
Grant Scheme has been initiated under the Sci-
ence and Economic Research Council (SERC).
SERC will support the academic side provided that
the company in a particular arrangement makes
substantial contributions in effort, materials, and
expertise. Patent rights, subject to a small royal-
ty, will be assigned to BTG. The number of proj-
ects in biotechnology under this scheme increased
from 3 to 14 in the last 6 months of 1982.

Industrialists are also beginning to invest in
university centers. At the University of Leicester,
four companies have put up $1.7 million YI mil-
lion) to establish a new biotechnology center.
SERC is granting $316,000 (#180)000) for capital
equipment.

Another program has been started by industry
to help academics in British universities develop
their ideas into commercial realities. At the ini-
tiative of Monsanto (U. S.) and including the Uni-
versities of oxford, Cambridge, and St. Andrew,
the Imperial College in London, and the Nuffield
Foundation, $17.5 million (10 million) initial
capital has been raised (Monsanto contributed
half). The program will include most fields of high
technology as well as biotechnology.

Imperial College in London, in order to transfer
its technology to industry, has launched a private
company to exploit the pilot plant built at Imperial



426 . Commercial Biotechnology: An International Analysis

College in the 1960’s. The plant is in good condi-
tion, but has been underused because of lack of
funds. Imperial College has reserved 20 percent
of the time of the plant for its own use in lieu
of shares. Thus, there will be a continuing con-
tact between research workers, the associated Im-
perial Biotechnology Center, and industrialists.
Imperial Biotechnology’s first major contract is
with the Swiss firm Biogen S.A. to scale-up the
firm’s interferon production to 3,000 liters.

Engineers in British universities have tradi-
tionally done consulting for industry; biologists
in British universities are now adopting the same
practice. The extent of this phenomenon is not
known, but all the large British companies in-
volved in biotechnology are using the services of
consultants in the universities. No general rules
apply to consultancies in British universities; ar-
rangements are left to individual institutions and
to the consciences of the individuals involved.
There is some concern on the part of the British
Government, however, that foreign companies
are making more use than domestic companies
of British biotechnology experts.

Most authorities agree that the United Kingdom
has an excellent basic research base with well-
trained researchers. Traditionally, however, the
United Kingdom has had a problem translating
this expertise to industry; the next 5 years will
determine how effective the new British measures
to effect domestic technology transfer are (30).

SWITZERLAND

The field of molecular biology is highly devel-
oped in Swiss universities, particularly in relation
to the size of the population. Centers of excellence
include the universities of Basel, Geneva, and Zur-
ich. The quality of research in these institutions
is all the more remarkable in view of the fact that
they are under cantonal jurisdiction and thus de-
rive support primarily from local revenues.

The channels for transfer of knowledge from
the Swiss universities to industry appear well es-
tablished in the area of biotechnology. The presi-
dent of the Federal Institute of Technology (ETH,
Eidgenossiche Technische Hochschule), which es-
tablished a department of biotechnology in 1976,
for example, has endorsed the practice of direct

contracts between professors in the biotechnol-
ogy department and industry. Joint funding by
industry and the Commission for the Encourage-
ment of Scientific Research provides another
avenue for collaboration with the private sector,
one that has been actively utilized by the ETH bio-
technology group.

The Swiss firm Biogen S.A. is closely linked to
the Swiss university research system and has built
an important share of its competitive strength on
the productivity of these ties. Two members of
the company’s scientific board, Drs. Weissmann
and Mach, have done seminal work for the com-
pany in the Universities of Zurich and Geneva,
respectively. Finally, the city of Basel, as the foun-
tainhead of Swiss research in the chemical and
biological areas, provides unique opportunities for
communication and collaboration between the
academic and industrial sectors, a potential that
the Basel-based pharmaceutical corporations
clearly recognize and are prepared to exploit (12).

FRANCE

Universities in France are generally regarded
as teaching institutions and not looked to for their
research capabilities. Highly regarded research
in France is usually funded by the National Center
for Scientific Research (CNRS, Centre National de
la Recherche Scientifique) or the National Institute
of Health and Medical Research (INSERM, Institut
National de la Sante et de la Recherche Madicale).
Both of these are Government research institutes
(grands organisms). CNRS operates its own lab-
oratories, which are usually associated with uni-
versities. INSERM is concerned with the applied
aspects of medical research. French universities
that are important in biotechnology are those at
Toulouse, Strasbourg, Marseille, Line, Monte-
pellier, ParisOrsay, Grenoble, and Nancy. A new-
er university, the Technical University at Com-
plegne (modeled after the American university
structure), which is an important center for en-
zymology and bioprocess technology, has concen-
trated on some of the disciplines underlying bio-
technology and has developed good relations with
industry.

There is divided opinion in France as to
whether relationships between academics and in-
dustrialists should be encouraged. The December
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1980 Pelissolo report concluded that relations
formerly were poor; this situation has changed,
however, and the problem now is not whether
university research results should be transferred
to industry, but how best to accomplish the
transfer (29).

There are no formal constraints in France on
relationships between academics and industrial-
ists. The National Agency for the Funding of Re-
search [ANVAR, L’Agence Nationale de la Valorisa-
tion de la Recherche) is an independent organiza-
tion that stimulates the transfer of public research
results to industry and encourages applied re-
search in industry. ANVAR does not have any
rights of first refusal on the results of public
research, which includes university research, and
apparently encourages direct links between uni-
versities and industry by offering general advice
on suitable contract terms and on patenting prob-
lems. Large French companies such as EIf Aqui-
taine and Rhone Poulenc have organizations to
keep in touch with and seek out public sector uni-
versity research of interest and appear to have
no problems developing and maintaining these
links (except for occasional conflicts between the
firms’ desire for secrecy and the researchers’
legitimate desire to publish). In addition, some
companies are locating their new biotechnology
facilities near universities in order to benefit from
proximity (e.g., EIf Aquitaine at Toulouse and
Transgene at Strasbourg). The University of Com-
piegne is situated in an agricultural region and
works closely with the local foodstuffs industry.
Also, according to ANVAR, a phenomenon similar
to the involvement of American professors in U.S.
venture capital firms is developing in France,
although along more traditional lines—top French
scientists are either acting as consultants to pri-
vate firms or leaving the public sector for industry

Findings

(this kind of transfer is generally much more com-
mon in France than in, for example, the United
Kingdom (29).

Despite the absence of formal constraints on
relationships between academics and industrial-
ists, there remains a problem in France in the ex-
ploitation of the results of public sector research
by industry. Except for large companies, industry
has an insufficient number of qualified person-
nel to seek out opportunities, and French research
scientists as a whole have not been very active
in the pursuit of commercial opportunities (29).

The French Government has recently taken
steps to encourage cooperation between the
grands organisms and French industry. The in-
stitutes participated through the Committee for
the Organization of Strategic Industries (CODIS,
Comite d’Orientation des Industries Stratdgiques)*
in the establishment of the French pharmaceutical
firm, Immunotech. More generally, in the recent
law reforming these institutes, there are provi-
sions for them to form profitable liaisons with in-
dustry (up until now they have been limited to
contract research). This change is very recent, so
it is impossible to judge its practical effect. But
CNRS, in a change of statutes published on No-
vember 25, 1982, has for the first time appointed
a scientific director of “Funding and Application
of Research. ”

Fields related to biotechnology have not at-
tracted large numbers of French researchers in
the past. Government policies and funding changes
have been promulgated to change and to foster
university/Zindustry relationships. It is too early
to determine the effectiveness of these policies.

*CODIS mobilizes State funds from multiple sources to produce
packages for projectdevelopment in strategic industries,

The United States has the most effective and
dynamic university/industry technology transfer
process of the six countries being examined in this
assessment. The process in the United States is
facilitated by the openness of the university sys -

tern and the freedom of faculty to pursue re-
search. It is also facilitated by the many mecha -
nisms by which the process can occur. These
include dissemination of publications, profes -
jional meetings, consulting arrangements, con-
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tract research, cooperative research agreements,
and institutes within universities funded by in-
dustry. All these mechanisms are being exploited
in biotechnology. U.S. universities and industry
are benefiting from the present arrangements,
and diffusion of knowledge is occurring.

University and industry representatives in the
United States agree that Federal support of basic
research is essential. Even if industrial support
of university R&D were to rise to 15 percent of
universities’ R&D budget, it could never replace
Federal funding. Furthermore, since the goals and
philosophy of industry are different from those
of universities, the focus of research in industry
is different from that of research in universities.
Of necessity, industry is mission oriented; the em-
phasis in industry is on applied research leading
to products. By contrast, the purpose of univer-
sity basic research is to extend knowledge itself.

Universities in the United States are formulating
and implementing policies that are more consist-
ent across disciplines and more specific with re-
gard to consulting, conflict of interest, and dis-
closure than policies formulated in the past. There
have been some cases of potential conflict of in-
terests with researchers who have consulting or
contract arrangements with firms in which they
hold equity. University administrators, faculty,
and students appear to be taking measures to re-
duce the potential for conflicts of interest and en-
sure quality research and education.

Although funding of large agreements between
U.S. universities and industry in biotechnology
has occurred, the consensus is that, after the ini-
tial excitement has dissipated and companies have
developed in-house capabilities, most of the uni-
versity/industry arrangements in biotechnology
will be consulting and contract research as in
other fields with close university/industry ties.

Universities are looking for financial support,
but the promise of patent royalties from biotech-
nology may be premature. Especially if biotech-
nology becomes a rapidly moving process field
where research is carried out primarily in indus-
try, research in biotechnology will have to move
off campus and royalty income to universities
may not be significant.

Biotechnology has spawned a new kind of ar-
rangement in university/Zindustry relationships:
for-profit companies established with nonprofit
buffers to funnel contract research money and
royalty payments between the university and the
company. One arrangement (Neogen) takes advan-
tage of new U.S. tax laws that permit funding of
R&D through limited partnerships. The other (En-
genics) is built on the support of six major cor-
porations that are funding the research and have
invested in the company. It is too early to predict
whether these approaches will be viable.

Biotechnology is being transferred between in-
dustry and universities in the United States; most
of the arrangements are working well. Some indi-
viduals have noted potential problems and admin-
istrative bottlenecks; these should lessen as in-
dividuals on both sides gain more experience and
policies are formulated to standardize adminis-
trative procedures within universities. Some in-
dividuals believe that problems may arise when
sales revenues are generated as a result of some
of the limited partnership agreements.

The early history of the U.S. microelectronics
industry can serve as a comparison for the com-
mercialization of biotechnology. The U.S. semi-
conductor industry was fueled by and developed
in a milieu of DOD support for basic research and
training at universities, DOD procurement of the
industry’s products, and DOD’s need for increas-
ingly more sophisticated products from that in-
dustry. In the history of the U.S. semiconductor
industry, relationships between universities and
industry were very close. Many professors had
equity in companies located close to campuses,
and consulting was extensive, It appears that edu-
cation in this field did not suffer; in fact, it was
probably enhanced, and students gained an un-
derstanding of industrial career paths. The cur-
rent leveling of Federal support for biology com-
bined with the lack of consensus that biotechnol-
ogy is a strategic industry (as was microelectron-
ics in the instance of the space race) leads to the
perception of more “potential conflicts” in indus-
try/university relations in biotechnology than ac-
tually exist.

In countries other than the United States, there
are varying degrees of cooperation between uni-
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versities and industry. In Japan, the ties between
university applied science departments and in-
dustry have always been close. Most people ack-
nowledge that Japan already leads the world in
bioprocess engineering research, and the close
relationships that already exist between Japanese
industry and university applied research depart-
ments benefit the commercialization of biotech-
nology in that country. Currently, the Japanese
Government is implementing new policies to en-
courage closer ties between university basic
researchers and industry.

In the Federal Republic of Germany, BMFT is
encouraging domestic university/Zindustry con-
tacts, especially in light of Hoescht’s agreement
with Massachusetts General Hospital. After that
agreement was announced, some West Germans
were concerned because they felt that research
money was being fumeled into American univer-
sities instead of into German universities.

The United Kingdom has an excellent basic re-
search base. University ties with industry have

Issue

been few in the past, but are now being encour-
aged by the Government. The British Government
helped to establish two firms, Celltech and Agri-
cultural Genetics, to capitalize on British univer-
sity research in animal and plant molecular biol-
ogy .

In Switzerland, the field of molecular biology
is highly developed, and patterns of interaction
between individuals in universities and industry
are well established. ETH established a depart-
ment of biotechnology in 1976 and endorses the
practice of direct contracts between professors
in the biotechnology department and industry.

In France, an ambitious program is underway
to tie universities and industry closer together.
One problem in France is that the country lacks
a cadre of experts in molecular biology, because
this field has not been considered an important
one.

ISSUE 1: Should Congress set guidelines for
university policies on industry-spon-
sored research?

At the request of Representative Albert Gore,
the American Association of Universities (AAU)
reviewed ethical dilemmas posed in the United
States by increases in industrial support of univer-
sity research. A select committee drawn from the
AAU membership suggested that the AAU could
serve as a clearinghouse and monitor of activities
at major universities with regard to the formula-
tion of university policies on industrially spon-
sored research. Because one policy formulated by
the AAU or Congress would have to be broad
enough to cover all circumstances, it might be too
general to be useful. Furthermore, as the com-
mittee noted, informed decisionmakers within
universities are formulating policies that fit each
university’s needs.

In addition, in a report of joint hearings on uni-
versityfindustry relationships in biotechnology,
the Subcommittee on Investigations and Oversight
and the Subcommittee on Science, Research, and
Technology of the Committee on Science and
Technology of the U.S. House of Representatives
made the following recommendations: 1) univer-
sities should prepare guidelines for industrially
sponsored research that require open disclosure
of all faculty consulting and contractual agree-
ments; and 2) full-time faculty should be discour-
aged from holding equity or directing such firms.
The subcommittees further recommended that
there be continued review by universities, indus-
try, and the Federal Government of the benefits
and problems resulting from large-scale corporate
support for and involvement in university re-
search programs in biotechnology.



430 . Commercial

Biotechnology: An International Analysis

Chapter 17 references

10.

11

12.

13.

14.

15.

. Bok, D.,

. Culliton, B. J.,

“The President’s Report: Business and the
Academy,” Harvard Magazine, May/June 1981, p.
26.

. Borrus, M., and Millstein, J., "Technological Innova-

tion and Industrial Growth: A Comparative Assess-
ment of Biotechnology and Semiconductors,” con-
tract report prepared for the Office of Technology
Assessment, U.S. Congress, March 1983.

. Bremer, H., Wisconsin Alumni Research Fund,

Madison, Wis., personal communication, 1983.
“Biomedical Research Enters the

Marketplace,” N. Eng. J. Med. 1195:304, 1981.

. Dashen, A., Washington Research Foundation, per-

sonal communication, 1982.

. David, E. E., “The University-Academic Connection

in Research: Corporate Purposes and Social Re-
sponsibilities,” Journal of the Patent Office Socie-
ty 64:209-219, 1982.

. Executive Office of the President, Office of Man-

agement and Budget, OMB 82-5, Public Affairs
Cover Memo for OMB Circular A-124 (Patents—
Small Firms and Nonprofit Organizations), Wash-
ington, D.C., Feb. 12, 1982.

. Giamatti, A. B., “The University, Industry, and Co-

operative Research,” Science 1278:218, 1982.
Fred, E. B., “The Role of Wisconsin Alumni Re-
search Foundation in the Support of Research at
the University of Wisconsin,” Wisconsin Alumni
Research Foundation, Madison, Wis., 1973.
Hutt, P. B., “University/Corporate Research Agree-
ments,” Technology in Society 5(2), in press, 1983.
Jasanoff, S., “Public and Private Sector Activities
in Biotechnology: The Federal Republic of Ger-
many,” contract report nrppamd for the Office of
Technology Assessment, U.S. Congress, January
1983.

Jasanoff, S., “Public and Private Sector Activities
in Biotechnology: Switzeriand,” contract report
prepared for the Office of Technology Assessment,
U.S. Congress, January 1983.

Kalergis, D., “The Role of the University in the
Commercialization of Biotechnology,” University
of Virginia Law School, December 1981.
Kennedy, D., “The Social Sponsorship of Innova-
tion,” Technology in Society, vol. 4(4), in press.
Langfitt, T. W., Hackney, S., Fishman, A.P., et al,,
Partners in the Research Enterprise, University-
Corporate Relations in Science and Technology

16

17.

18.

19,

20.

21.

22

23

24.

25.

26.

(Philadelphia: University of Pennsylvania Press,
1983).

Lee, P. R,, Levinson, W., Butler, L. H., et al., “In-
dustrial-Academic Relationships in Biotechnology
at Stanford University, University of California
Berkeley, and University of California, San Fran-
cisco,” contract report prepared for the Office of
Technology Assessment, U.S. Congress, July 1982.
Linnell, R. A. (ed.), Dollars and Scholars: An Inquiry
Into the Impact of Faculty Income Upon the Func-
tion and Future of the Academy (Los Angeles: Uni-
versity of Southern California Press, 1982).
Management Analysis Center, Inc., “Study of Uni-
versity/Industry Relationships in Biotechnology,”
contract report prepared for the Office of Tech-
nology Assessment, U.S. Congress, January 1983.
National Science Foundation, University/Industry
Research Relationships, Fourteenth Annual Report
of the National Science Board (Washington, D.C.:
U.S. Government Printing Office, 1982).
Omenn, G. S., “University-Corporate Relations in
Science and Technology: An Analysis of Specific
Models,” Partners in the Research Enterprise,
T.W. Langfitt, S. Hackney, A. P. Fishman, et al.

(eds.) (Philadelphia: University of Pennsylvania
Drncc 1083)

Rosenzweig, R. M., letter addressed to the Hon.
Don Fuqua for the Association of American Univer-
sities, Oct. 28, 1982.

Saxonhouse, G., “Biotechnology in Japan,” contract
report prepared for the Office of Technology As-
sessment, U.S. Congress, June 1983.

Socolar, M. J., Comptroller General of the United
States, letter addressed to the Hon. Albert Gore,
Jr., Oct. 16, 1981, ref. B-204687.

Sun, M. A,, “Scientists Settle Cell Line Dispute,”

Crinnrn 22N-202_204 10272
OCICINICE 44U 090" JJIY, 1JI009.

U.S. Congress, House Committee on Science and
Technology, Commercialization of Academic Bio-
medical Research, hearings before the Subcommit-
tee on Investigations and Oversight and the Sub-
committee on Science, Research, and Technology,
June 8-9, 1981 (Washington, D.C.: U.S. Government
Printing Office, 1981).

U.S. Congress, House Committee on Science and
Technology, University/Industry Cooperation in
Biotechnology, hearings before the Subcommittee
on Investigations and Oversight and the Sub-



Ch. 17—University/industry Relationships 431

committee on Science, Research and Technology,
House Committee on Science and Technology, June
16-17, 1982 (Washington, D.C.: U.S. Government
Printing Office, 1982).

. US. Congress, Office of Technology Assessment,

World Population and Fertility Planning Technol-
ogies: The Next 20 Years, OTA-HR-157, Washing-
ton, D.C., February 1982.

. U.S. Congress, Office of Technology Assessment,

Technology, Innovation, and Regional Economic
Development: Census of State Government Initia-

29.

30.

31.

tives for High-Technology Industrial Develop-
ment—Background Paper, OTA-BP-STI-21, Wash-
ington, D.C., May 1983.

Vaquin, M., “Biotechnology in France,” contract
report prepared for the Office of Technology As-
sessment, U.S. Congress, February 1983.
Vaquin, M., “Biotechnology in Great Britain,” con-
tract report prepared for the Office of Technology
Assessment, U.S. Congress, February 1983.
Watson, J., The Double Helix New York: Athene-
urm, 1568).



