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The need for interdisciplinary collaboration is arising as a result
of accelerating advances in basic science, including massive
research and development funding by both government and
industry, which has spurred the so-called "nanotechnology
revolution" and developments at the intersection of the life and
physical sciences, increasing emphasis by federal research
funding agencies on interdisciplinary and inter-institutional
research and by market influences. A number of barriers
presently limit the interaction between academics and industry,
including the typically very time-consuming and slow pace of
technology transfer, which is compounded in the case of
interdisciplinary and inter-institutional licensing, as well as the
natural, and understandable, antipathies that exist between
academia and industry as a result of their differing missions and
approaches to scientific discovery. Moreover, if mechanisms
are not in place at the outset of an inter-university collaboration,
then the transition of inventions to clinical applications can be
fraught with additional complexities and barriers. Policies
Suggested by the National Nanotechnology Initiative offer a
number of ideas for overcoming barriers to multidisciplinary
and inter-institutional research and illustrate some of the ways
in which academia can structure partnerships with industry that
will not only provide needed funding for multidisciplinary and
inter-institutional biomedical research in an era of diminishing
federal resources, but may permit academia, on the one hand,
and industry, on the other, to benefit from the strengths
provided by the other without compromising either academia's
or industry's basic missions. Exp Bioi Med 231:1257-1261,2006
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I
n his message announcing the program for the 2006
Annual Meeting of the Association of Anatomy, Cell
Biology and Neurobiology Chairpersons, Dr. Steven

Goodman argues that scientific advances, including the
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completion of the human genome project, have brought
about a "new era" in biomedical research and training in
which large interdisciplinary teams will be required to
answer the fundamental questions that wil\ need to be
answered in order to achieve the "next generation" of
breakthrough advances in the field. He offers in support of
his argument that a "new era" is upon us the fact that "inter-
institutional and interdisciplinary consortia are springing up
around the country." From my perspective as a lawyer who
advises venture capitalists in connection with their invest-
ments in biotech-, bionanotech-, and other technology-based
companies, as an advisor to the management of such
companies, and as an active participant in the life sciences
industry generally for more than a decade, Dr. Goodman is
correct, both in his prediction about the increasing
importance of interdisciplinary and inter-institutional ap-
proaches to life science research and development and his
observations about the emergence of this new trend. Before
turning to address the consequences of this trend, however, I
would suggest that pausing a moment to reflect further on
the causes of the movement towards interdisciplinary
research will help us not only in seeking answers but in
asking the right questions about how academia and industry
need to change in response to the need for, and the
movement towards, large interdisciplinary and inter-institu-
tional research.

What is fueling the movement towards large
interdisciplinary and inter-institutional research?

As a non-scientist, I dare not presume to understand, let
alone articulate, all of the myriad ways in which yesterday's
advances, including the understanding gained of the human
genome, the collection of large amounts of proteomic data,
and the development of even more powerful bioinformatics
tools, to name a few developmental causes identified by Dr.
Goodman, have created a condition in which increasingly
interdisciplinary teams will be required to answer the
fundamental questions in biomedical research. I leave it to
you and the members of your departments, as basic science
researchers, to do this. Nevertheless, my recent experience,
albeit anecdotal, suggests that this is the case.

For example, I recently assisted Dr. Ellen Vitetta, one
of the country's leading immunologists, a member of the
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National Academy of Science and Director of the Cancer
Immunobiology Center at the University of Texas South-
western Medical Center (UTSW), and Dr. Rocky Draper, a
professor of molecular and cell biology at the University of
Texas at Dallas and a leader in UTD's Bionanosciences
Group, both of whom are members of the Institute of
Biomedical Sciences and Technology, to team up with a
bionanotechnology company to apply for a grant. This
project had its genesis when the company assembled a broad
interdisciplinary and inter-institutional collaboration with
experts in biology, nanotechnology, chemistry, and physics
from various research institutions across the United States.
The project has potential applications in cancer and other
therapies. Breakthrough projects such as this will not be
possible without the collaboration of a broad, multidiscipli-
nary, and indeed inter-institutional, team.

In addition to the need for interdisciplinary collabo-
ration that is arising as a result of accelerating advances in
basic science (I), a number of other forces are combining to
fuel the movement towards large interdisciplinary and inter-
institutional research, including massive research and
development funding by both government and industry,
which has spurred the so-called "nanotechnology revolu-
tion" and developments at the intersection of the life and
physical sciences. In fact, governments, together with
corporations and venture capitalists, spent approximately
$8.6 billion worldwide in 2004 on nanotechnology research
and development, a substantial portion of which was
focused in the life sciences field. One analyst forecast that
the United States' National Nanotechnology Initiative (NNI)
will outstrip the human genome project as the most
expensive U.S.-funded science initiative since the race to
space (2). Moreover, federal research funding agencies
increasingly emphasize interdisciplinary and inter-institu-
tional research (3).

However, the trend towards greater interactions be-
tween different scientific disciplines is motivated, not alone
by academic curiosity or even necessity, or by federal
funding priorities, but by market influences, as evidenced by
companies like Nanoco (4). For example, Lux Research of
New York, which created a new index that is quoted on the
American Stock Exchange (LUXNI) and is designed to
track how financial markets value emerging nanotechnology
applications, noted that 7 of the 17 companies listed in its
initial index are classified as belonging to the healthcare and
life sciences sector (5). Increasingly, academia and industry
are partnering to undertake large-scale interdisciplinary
research. The impetus for these collaborations is a quicker
path from bench to bedside, which is fueled by rising
expectations for better healthcare, spearheaded in part by
patient advocacy groups and privately funded foundations
that focus increasingly on the clinical applications of basic
research (6), as well as public and government frustration at
the enormous cost of drug and device development (7).
Such frustration is leading federal funding agencies to
examine ways to increase the odds that government funded

research will yield new applications for preventing and
treating injury and disease and their causes.

A further impetus behind the rise in interdisciplinary
research, as well as one cause behind academia's increasing
collaboration with industry, may be found in the fact that a
substantial amount of interdisciplinary research, including in
the bionanotechnology field, involves basic research, which
universities are better suited to perform than industry. This
is particularly the case in light of dwindling industry R&D
budgets and a decreasing supply in the United States of
qualified scientists and engineers. Naturally, universities'
disproportionate involvement in basic research gives them
an advantage in securing intellectual property (IP) rights, as
well as an incentive to partner with industry to develop such
rights (8).

What barriers presently exist for collaborations
with industry?

In my involvement in the life sciences industry over the
past decade, management of life sciences companies have
often expressed frustration at the slow pace associated with
university technology transfer. Anecdotally, in a very
unscientific poll of certain partners in our Firm's global
life sciences practice, the following response to the question,
"How will the interaction between academics and industry
need to change in response to the movement towards large
interdisciplinary research," typifies such frustration: "My
experience is that licensing out IP from academic institu-
tions is very time-consuming and slow; interdisciplinary and
inter-institutional licensing takes even longer, so one change
that is needed is to speed up the process."

The traditional technology transfer process involves the
award of funding, typically to a single researcher or
laboratory, usually from a government research funding
agency, and the disclosure by the inventor of an invention to
the university technology licensing or transfer office (TLO).
The office then conducts patentability and market reviews to
determine whether or not to file a patent on the invention.
Thereafter, the TLO seeks to either identify entities
interested in licensing the university's patent rights, usually
on an exclusive basis, or, less frequently, to form a company
around the invention (usually with some level of involve-
ment by the inventor), which involves not only licensing
issues but identifying qualified management, including a
scientific advisory board; generating a business plan; issuing
equity to the key players, including possibly the university
and the inventor; and seeking funding. All of this can take
months (typically from nine months to a year or more),
during which the marketplace, including potentially com-
petitive products and companies, continues to rapidly evolve
and scarce start-up funding is stretched and sometimes
depleted.

Aside from the "mechanics" of the tech transfer process
itself, however, perhaps even greater barriers are inherent in
the natural, and understandable, antipathies that exist
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between academia and industry. Academia, for its part,
tends to be suspicious, if not hostile, of the "results" or
"market-oriented" approach of industry, which is viewed by
many scientists as antithetical to the traditional hypothesis-
driven methodology of science and its search for "truth" for
truth's sake (9). Industry, which is driven and shaped by the
accelerating rate of technological innovation, on the other
hand, generally tends to be impatient with the more
deliberate pace and the perceived bureaucratic hurdles
associated with implementing academic discoveries.

How are these barriers exacerbated in the
case of large interdisciplinary and
inter-institutional research?

Obviously, the challenges that are inherent in the
"traditional" model are greatly compounded when multiple
investigators from different disciplines and possibly differ-
ent institutions get involved. Generally as a matter of
university policy, and often as an express term under a
scientist's employment agreement, the work product that
derives from such scientist's intellectual pursuits (with some
limited exceptions) belongs to his or her university
employer. Thus, in the first instance, all of the individuals
involved in the inventive process must determine their
relative contributions to the invention so as to determine
each university's relative ownership of the underlying
intellectual property rights.

An inventor is a natural person who has contributed,
either individually or jointly with other individuals, to the
subject matter of at least one of the patent claims (10). Thus,
if determining inventorship among researchers at the same
institution can sometimes be challenging, the difficulty
compounds when research takes place at multiple institu-
tions.

Under U.S. patent law, "inventors may apply for a
patent jointly even though (a) they did not physically work
together or at the same time, (b) each did not involve the
same type or amount of contribution, or (c) each did not
make a contribution to the subject matter of the patent" (II).
Moreover, if a mechanism is not in place at the outset of the
collaboration for joint ownership of any invention that
comes out of the collaboration, as often is the case with
inter-institutional collaborations, then such institutions in
applying for patent protection must identify the inventor and
invention date for each and every claim (12).

Moreover, it is imperative that university collaborations
not only cooperate in order to secure their individual
intellectual property right in the invention (13) but agree
upon procedures relative to commercializing such rights. As
a general matter, private companies, particularly those in
their early stages that are underfunded and have limited
resources, prefer to deal with one licensing entity, which is
empowered to act on behalf of all patent holders, rather than
incur the costs involved with negotiating with multiple
universities. This is particularly critical in consequence of

the basic tenet in U.S. patent law that, "in the absence of an
agreement to the contrary, each of the joint owners of a
patent may make, use, offer to sell, or sell the potential
invention within the United States, or import the patented
invention into the United States without the consent of and
without accounting to the other owners" (14). Thus, if one
university in an inter-institutional collaboration attempted to
exclusively license an invention without the knowledge or
consent of the second university, the second university
could effectively undercut the first university'S license by
entering into a conflicting exclusive or nonexclusive license.

What can be done to change the way industry and
academia interact to break down these barriers?

The NIH Roadmap announced a series of new awards
intended to overcome some of the barriers described above
and to "make it easier for scientists to conduct interdiscipli-
nary research ... including funding for: training of scientists
in interdisciplinary strategies; creation of specialized centers
to help scientists forge new and more advanced disciplines
from existing ones [known as Exploratory Centers for
Interdisciplinary Research]; supplements to existing awards
which encourage interdisciplinary depth for an ongoing
project; and planning of forward-looking conferences to
catalyze collaboration among the life and physical sciences,
important areas of research that historically have had limited
interaction" (15).

Developments in the field of nanotechnology, including
nanobiotechnology, offer similar ideas for overcoming
barriers to multidisciplinary and inter-institutional research.
For example, the NNI Strategic Plan specifically addresses
many of the barriers to multidisciplinary research under
Goal 2 of the Plan, namely to "facilitate transfer of new
technologies into products for economic growth, jobs, and
other public benefit," including the following:

Establishing "industry liaison groups with various
commercial sectors to promote exchange of information
on NNI research programs and industry needs that relate to
nanotechnology";

Supporting "meetings at which researchers from
academia, governments and industry exchange information
on results and possible applications";

Fostering "interaction among industry, academic, and
government researchers through the establishment or
support of user facilities that are available to researchers
from [public and private] sectors";

Requiring that "all NSF-funded Nanoscale Science and
Engineering Centers ... include industry partners";

Encouraging "exchange of researchers between uni-
versities and industry to allow university personnel to spend
time in industry labs and vice versa";

Considering "new mechanisms to encourage technol-
ogy transfer via licensing of intellectual property generated
by NNI-funded research. Such mechanisms include forming
of consortia among universities and other research institu-
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tions for purposes of pooling intellectual property and/or
creating simplified or uniform technology transfer proce-
dures"; and

Allowing "industry to communicate its needs at an
early stage [in order to] enhance the likelihood that new
ideas will ultimately be developed and commercialized"
(16).

Nanoscale Science & Engineering Centers (NSECs),
which have been funded by the National Science Founda-
tion in connection with the U.S. NNI, provide a model to
which multidisciplinary and inter-institutional biomedical
centers and institutes may look for answers in initially
assessing differing approaches to overcoming the barriers
associated with such collaborations. Each NSEC includes
several universities, private companies, and government
laboratories that focus on an element of nanotechnology in
which the members have demonstrated expertise (17). For
example, the NSEC for Integrated Nanopatteming and
Detection Technologies established at Northwestern Uni-
versity includes the University of Illinois at Champaign-
Urbana, University of Chicago, Argonne National Labo-
ratory, Lawrence Livermore National Laboratory, NASA,
DuPont, Exxon-Mobil, Rohm and Haas, Motorola, IBM,
and Unilever (18). In addition to including private sector
partners in a multidisciplinary and inter-institutional re-
search collaboration (whether focused on nanotechnology or
biomedical research), other features highlighted in the NNI
Strategic Plan, many of which have been implemented by
NSECs, suggest approaches biomedical researchers and the
federal agencies that fund them may wish to consider in
response to the movement towards, and the creation of
greater numbers of, interdisciplinary and inter-institutional
biomedical research centers ("BMR Centers"), including
the following:

Awarding a (perhaps modest) portion of federal
research funding to the BMR Center director rather than
to individual investigators, as is the case with NSCEs, which
would enable each BMR Center considerable latitude in
determining how it will be organized and allocate its
resources;

Dedicating a significant percentage of federal biomed-
ical research funding to multidisciplinary research programs
(e.g., up to 20% of NNI's entire budget is dedicated to such
research programs);

Include (possibly as a condition to receipt of federal
funding) a requirement that each BMR Center have multi-
investigative research teams comprised of investigators from
the different members of the Center;

Adopting, per NNI's suggestion, simplified or uniform
technology transfer procedures, including possibly the
pooling of intellectual property, which will facilitate the
transfer and licensing of intellectual property, including a
mechanism for determining the patentability and licens-
ability of IF generated by the Center;

Facilitating the transition of IF developed at a BMR
Center to the private sector by including industry partners

(possibly, as occurs with NSF funding of NSCEs, as a
prerequisite to receiving federal funding) and creating
internal programs designed to allow industry to communi-
cate its needs at an early stage, thereby enhancing the
likelihood that new ideas will ultimately be developed and
commercialized;

Encouraging industry partners in the BMR Center to
make unrestricted gifts at various levels depending on their
desired level of involvement, as the Northwestern Univer-
sity NSEC has done, and later, when and if the potential
relevance of the research to a company's specific objectives
becomes clear, allowing such company to enter into a
funded sponsored research arrangement in which the
company supports the project with a specific company-
centric focus;

Permitting IF developed under a sponsored research
arrangement to be owned and protected by the private
company sponsoring such research, provided it reimburses
the universities for any associated costs; and

Adopting programs designed to enable the spin-out of
companies through the creation of internal platforms for
assessing market factors, drafting business plans, and
attracting VC investors (19).

While the NNI's suggestions outlined above may be
less appropriate in some respects for biomedical research
centers (20), they illustrate some of the ways in which
academia can structure partnerships with industry that will
not only provide needed funding for multidisciplinary and
inter-institutional biomedical research in an era of diminish-
ing federal resources, but may permit academia on the one
hand and industry on the other to benefit from each other's
strengths without compromising either academia's or
industry's basic missions.
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