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By now, due to a cascade of media 
coverage about nanotechnology, not only 
the scientific community but the public 
at large has heard about the huge impact 
that nanoparticles and their capabilities 
may have on our lives in the 21st century. 
But at the same time nanotech applications 
are expanding the limits of science and 
medicine, they are stretching 
the boundaries of intellectual 
property law. As with other 
waves of innovation, nanotech-
nology will catalyze change 
in social, scientific, and legal 
arenas. 

Shifts in the way intellectual 
property (IP) is defined and 
administered are already 
becoming visible as a result 
of nanotechnology trends. 
“Universities and companies 
seem to think there is some-
thing quite significant going on 
here, because they are rushing 
to the patent office in record 
numbers to patent nanotech-
nology inventions,” says Mark 
Lemley, professor at Stanford 
Law School and director of the Stanford 
Program in Law, Science, and Technology. 

There are multiple questions arising. How 
do we legally classify these new technolo-
gies?  Who controls – and benefits from 
– fundamental innovations that are the 
foundation for future innovation?  How 
will the government resolve these issues 
and review patents that do not easily fit 
into the existing system?  Any one of these 
issues would challenge a field of scientific 
endeavor; combined, they present the 
nanotechnology field with a complex 
legal landscape that will require skill and 
collaboration to navigate. 

But this is more than just an intellectual 
legal exercise. Failing to find a good path 
around and through these complexities 
could stifle the development of nano-
technology-based cancer therapeutics and 
diagnostics and limit the ultimate benefit 
for cancer patients.

Understanding Intellectual Property
At its simplest, the patent 
system provides for the 
disclosure of information about 
inventions. To obtain a patent, 
an inventor must “teach” the 
public how to make and use 
the invention in the best way 
the inventor knows. Thus, the 
patent system rewards only 
those inventors who are willing 
to share with the whole world 
by granting them exclusive 
ownership of their innovation. 

Patent systems may vary across 
industrialized nations, but the 
U.S. system often serves as a 
model for other countries. The 
U.S. Supreme Court has ruled 

that anything that is considered “a product 
of human ingenuity” can be protected by 
patent. Under U.S. law, the various types 
of invention that can be patented fall into 
four broad categories. These are: 

• A process, such as the particular way 
of combining chemicals to produce a 
medicine;

• A machine, such as a piece of diagnostic 
equipment;

• An article of manufacture, such as a 
computer chip; or

• A composition of matter, such as a new 
pharmaceutical drug or a new plastic 
for use in kitchen counters. 

The U.S. Patent and Trademark Office 
(USPTO) oversees the patent process. The 
USPTO granted over 170,000 patents in 
2005, which averages to a patent being 
granted every three minutes. In general, the 
USPTO reviewers have focused on discrete 
areas of expertise for reviewing patents. 

Patents are routinely licensed to third 
parties who wish to make use of the 
invention. (Indeed, the USPTO requires 
that technology that is patented be broadly 
shared, although not necessarily for free.)  
In exchange for compensation, such as a 
licensing fee and/or royalties on sales, the 
third party can employ the protected tech-
nology. The financial benefits of licenses 
and licensing fees have made patents even 
more important for many institutions, 
both private and public. Parties that use 
patents without permission are open to 
a lawsuit for patent infringement – a 
sometimes lengthy process and potentially 
expensive for the losing party if it is made 
to pay damages.

Complex technology means 
complex IP issues
Biomedical nanotechnologies are unique 
because they cover innovations emerging 
from a previously inaccessible environment 
– the nanoscale. The watershed develop-
ment which made the nanoscale accessible 
and catalyzed the nanotechnology field was 
the 1981 invention of the scanning tun-
neling microscope (STM), which earned 
its inventors the Nobel Prize for Physics in 
1986 and the praise of the Nobel commit-
tee, which noted the invention opened up 
“entirely new fields...for the study of the 
structure of matter.”

The STM was the first of a new genera-
tion of tools empowering scientists and 
engineers to pursue possibilities at the 
nanoscale. For the biomedical community, 
access to the nanoscale environment and its 
unique surface properties and other distinc-
tive characteristics opens the door to a world 
of transformative treatment possibilities.  

Along with a new generation of tools came 
a new generation of IP problems. Nano-
technology applications did not conform 
to the existing classifications of IP. From an 
IP perspective, some aspects of biomedical 
nanotechnology fall easily into one of the 
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Heinrich Rohrer – Co-Inventor 
of the Scanning Tunneling 
Microscope (STM). (Patent 
Number 4,343,993) 

Courtesy:  National Inventors 
Hall of Fame  http://www.invent.
org/hall_of_fame/�23.html
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four categories. Diagnostic equipment, 
for example, classifies as machinery and 
there are few complications with applying 
IP laws to this category because, in this 
instance, size does not matter. Materials 
built on a nanoscale are not treated any 
differently from their larger counterparts. 

But most of nanotechnology is not nearly 
as easy to classify, since many of the emerg-
ing technologies often draw upon innova-
tions across multiple disciplines. “The key 
difference with nanotech is the multidis-
ciplinary nature of it,” says Bruce Kisliuk, 
director of the nanotechnology division 
of the USPTO. “The closest example is 
biotech, which is a very focused technology. 
Nanotech is so cross-disciplined. With 
nanotech, we find ourselves bringing as-
pects from almost every technology center.” 

A quick look at some recent developments 
in the field highlights just how complex the 
science behind nanotechnology is – a com-
plexity that may lead to new IP territory. 

• Molecular imaging and early detection. 
Microcantilevers, tiny devices that 
resemble a diving board, show great 
promise for detecting rare disease-re-
lated molecules that might be present 
in biological samples. Researchers at 
Northwestern University have coupled 
a microcantilever with a metal-oxide 
semiconductor field-effect transistor, or 
MOSFET, to yield a device that gener-
ates a direct electrical signal whenever 
the cantilever bends in response to 
biomolecule binding. This new device, 
note the researchers, can be mass-pro-
duced using standard computer chip 
design and manufacturing techniques. 
For more information about this 
research, please visit Nano.Cancer.Gov 
to read the February 27, 2006 Nano-
tech News article entitled “Transistor-
Cantilever Combo Detects Biomol-
ecules with High Sensitivity.”

• In Vivo Imaging. Researchers at the 
MIT-Harvard Center of Cancer 
Nanotechnology Excellence (CCNE) 
have created a targeting agent that 
binds to a molecule found only on 
healthy pancreatic tissue. They then 
used this peptide to create a multi-
functional nanoparticle-based imaging 
agent capable of pinpointing pancreatic 
ductal adenocarcinoma (PDAC), the 
fourth leading cause of cancer death in 
the United States. For more informa-
tion about this research, please visit 

Nano.Cancer.Gov to read the July 10, 
2006 Nanotech News article entitled 
“Novel Approach Images Pancreatic 
Tumors with Nanoparticles.”

• Reporters of efficacy. Aiming to help 
researchers get a better handle on 
how – and if – anticancer agents are 
triggering cell death, investigators 
at the University of Twente in The 
Netherlands have developed a quan-
tum dot nanodevice that can detect 
and image apoptosis, also known as 
programmed cell death. For more 
information about this research, please 
visit Nano.Cancer.Gov to read the 
September 5, 2006 Nanotech News 
article entitled “Quantum Dots Probe 
Cell Death.”

• Multifunctional Therapeutics. In a novel 
twist on nanoparticle formation, a 
research team at the Northwestern Uni-
versity Center of Cancer Nanotechnol-
ogy Excellence (CCNE) has developed 
a polymer nanoparticle that contains 
bioactive small molecules as part of its 
chemical structure. This new nanopar-
ticle also contains reactive groups that 
allow tumor-targeting agents to be 
incorporated easily onto its surface. For 
more information about this research, 
please visit Nano.Cancer.Gov to read 
the May 1, 2006 Nanotech News ar-
ticle entitled “Polymeric Nanoparticles 
Entrap Diverse Biological 
and Cancer Targeting 
Agents.”

Not only are the applica-
tions of nanotech novel and 
complex, as shown in these 
and dozens of other examples, 
but they are characterized by 
an unprecedented amount of 
requisite collaboration from 
diverse scientific disciplines. 
Unlike other areas of tech-
nological IP, nanotechnol-
ogy-centered IP is distinctive 
because the technology is 
typically developed through 
multidisciplinary expertise, 
often in fields such as biology, 
chemistry, engineering, and 
materials science. Thus, the 
filing of a nanotechnology 
patent often involves a team 
of scientists representing many 
scientific disciplines collaborat-
ing on a technology comprising 
multiple components, each of 

which might require multiple IP licenses. 

Trends In Nanotechnology IP Affecting 
the Biomedical Community
Not surprisingly, the markets to which 
these remarkable innovations are directed 
are substantial, and thus the IP associated 
with this groundbreaking research is highly 
coveted. Bruce Stewart, CEO of Arrow-
head Research Corporation, a company 
focused on acquiring and commercializing 
nanotechnologies in the biomedical sector, 
notes “as more drugs come off patent and 
pharmaceutical companies recognize that 
they can solve problems such as solubil-
ity and toxicity with nanotechnology, 
the global market for nanoparticle-based 
therapeutics could explode.”

Several trends in the nanotechnology 
patent landscape are directly affecting the 
biomedical community. 

Proliferation of University Patenting
From 1980 to 2003, the yearly number 
of U.S. patents obtained by universities 
worldwide soared from approximately 250 
to 4,000. While universities and public 
interest foundations typically hold about 1 
percent of patents issued in the U.S. each 
year, this number spikes to 12 percent in 
emerging nanotechnologies. Since most of 
the patents issued to date are for funda-
mental science, Lemley points out, “it is 

One study of class 977/dig.� patents reveals that of 792 total 
patents covering medical and biological applications of nano-
structures, 66.9 percent are U.S. patents, followed by France 
with 7.2 percent, Germany with 4.5 percent, and Japan with 2.9 
percent. Of the U.S. owned patents, 20.2 percent are owned by 
universities. 
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not too surprising that most of those basic 
research labs are located in universities.”  
Certainly, the revenue from patents is be-
coming an important part of the financial 
strategy of major universities. 

Nanotechnology is the first technology 
wave highlighting a shift in IP patterns 
that favors universities. In the past, private 
companies drove the trends in IP protec-
tion, simply because they dominated the 
patent landscape. Universities, by contrast, 
have differing aims from the private 
sector, where protection of the individual 
company’s interests comes first and patents 
may be closely held. As a result, certain les-
sons on how IP leads to commercialization 
learned from past waves, such as biotech-
nology, may not be applicable in this new 
IP landscape. 

University patents often emerge from basic 
science and, without proper oversight, can 
become overly broad “building block” pat-
ents, which protect fundamental concepts 
upon which all subsequent advances are 
based. One of the unique characteristics 
of nanotechnology IP, as differentiated 
from biotech and other previous waves of 
innovation, is that a number of “building 
block” patents have issued from the outset, 
thereby creating a different dynamic in 
the IP landscape. “Indeed, many of the 
most basic ideas in nanotechnology are 
already patented or may well end up being 
patented,” says Lemley. These building 
block patents can be very lucrative because 
the fundamental technologies they claim 
may become prerequisites for many 
downstream innovations, and thus can 
generate substantial licensing revenues for 
the university that holds them.  

The university patenting trend is notable 
because it reflects a significant change in 
IP – the concentration of building block 
patents in one place. Previously, building 
block technologies were either not pat-
ented, or to the extent they were, they were 
rarely concentrated in one place. Lemley 

notes many of the other scientific break-
throughs of the past century, from biotech 
to lasers, ended up in the public domain. 
The rush to patent nanotechnology’s basic 
science “may represent the future of inno-
vation,” he says. The exact significance that 
this shift in power will have on commer-
cialization of biomedical nanotechnology 
IP is yet to be seen.

USPTO: Keeping Pace with the Patent Boom
As universities and other organizations rush 
to patent new technology, the USPTO has 
been struggling to adapt to the challenges 
that the complex technology brings with 
it, as well as with an exploding number of 
nanotechnology patent applications. In 
1985, the USPTO handled 125 nanotech 
patent applications. Conservative estimates 
suggest the USPTO issued between 4,000 
and 6,000 nanotechnology patents between 
2001 and 2003. “It’s fun and challenging 
to stay on pace with it,” says Kisliuk. “But 
it’s hard to stay a step ahead. The inventors 
are a step ahead; we just try to keep up 
with them.” 

The complexity of nanotechnology has 
led the USPTO to undertake several key 
initiatives to smooth the patent process. 
“Step one was to begin the process of a 
classification process,” says Kisliuk. The 
project involved identifying patents that 
used key terms related to nanotechnology 
and then manually reviewing those patents 
– some 5,000 in number – to create a 
cross-reference digest. Blaise Mouttet, a 
retired U.S. patent examiner and a member 
of the nanotechnology classification team, 
explains the challenge that confronted the 
USPTO in these terms:  “If there is no 

centralized nanotechnology art unit, and 
the nanotechnology patent applications 
remain scattered among dozens of different 
art units, then the chance of patent exam-
iners’ being unaware of these concurrent 
applications filed on the same invention is 
great.”  The agency identified 253 separate 
international patent classes influenced by 
the new wave of nanotechnology patent 
applications. 

The digest allows the agency to more 
effectively route patent applications to 
examiners with the necessary expertise to 
handle them. Kisliuk says that the USPTO 
is working to refine the placement even 
further and to educate examiners so that 
they have the necessary skills to review 
applications. Because nanotechnology is 
a new discipline, “our examiners are not 
graduating with nanotech degrees,” ex-
plains Kisliuk. “Our people are very highly 
educated, so instead of bringing in people 
specialized in nanotechnology, we are 
bringing our current people up to speed.”  
The USPTO offers monthly training 
sessions on nanotechnology for examiners. 
In addition, a core group of 70 examiners 
has volunteered to help their peers who 
may have questions about nanotechnology 
patent applications.

Such skill is necessary given the broad area 
that nanotechnology covers. “Right now 
we’re seeing a lot of activity in niche areas” 
such as biotech and chemical areas related 
to drug delivery, says Kisliuk. Yet, he adds, 
the applications are “still spread out, which 
is very unique for an emerging and evolv-
ing technology. It’s applying to everything 
that is out there.” 

USPTO’s New Nanotechnology Cross-Reference Digest – Class 977/dig.1

“Establishing this nanotechnology cross-reference digest is the first 
step in a multi-phase nanotechnology classification project and will 
serve the following purposes: 

• Facilitate the searching of prior art related to nanotechnology; 
• Function as a collection of issued U.S. patents and published 

pre-grant patent applications relating to nanotechnology across 
the technology centers; and 

• Assist in the development of an expanded, more comprehensive, nanotechnology 
cross-reference art collection classification schedule.” 

- United States Patent and Trademark Office (USPTO) website

To view the USPTO’s New Nanotechnology Cross-Reference Digest, visit http://www.
uspto.gov/web/patents/biochempharm/crossref.htm. 

The University of California ranks 
number four among entities with 
ownership of overall nanotechnology 
patents in Class 977/dig.1 (behind IBM, 
Canon, and Hitachi) and also number 
four in ownership of nanotechnology 
patents (14) for medical and biological 
applications.
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The Need to Collaborate
The complexity of nanotechnology patents 
means that there are potentially more play-
ers in the field than might appear at first 
glance. “A basic nanotechnology patent 
may have implications for semiconductor 
design, biotechnology, materials science, 
telecommunications, and textiles, even 
though the patent is held by a firm that 
works in one of these industries,” says 
Lemley. “Unlike other new industries, in 
which the patentees are largely actual or at 
least potential participants in the market, 
a significant number of nanotechnology 
patentees will own rights not just in the 
industry in which they participate, but in 
other industries as well.”

At the same time, nanotechnology patents 
tend to be concentrated in a relatively small 
number of hands. Although there are some 
1,180 patent holders who hold nanotech-
nology patents, just 95 entities, including 
IBM and MIT, hold one-half of all nano-
technology patents thus far issued. Given 
the potential financial rewards of bringing 
new technology to market, other industries, 
including biotech, have seen high-profile 
legal battles over patents; as yet, no such 
contention has arisen in nanotechnology.

Yet the question of how the technol-
ogy from these fundamental upstream 
patents is made available to the broader 
research and development community 
will be critical to their rapid application. 
Ultimately, universities are likely to be 
motivated by the benefits of licensing, 
creating a relatively free flow of building 
block patents to broader downstream users. 
Certainly, large patent-holding pharmaceu-
tical companies are increasingly interested 
in obtaining licenses for nanotechnology 
IP. “Pharma companies should be keen on 
acquiring IP that covers improved versions 
of their drugs from innovative start-ups 
because it may be cheaper and less risky to 
develop an improved version of an existing 
drug than to develop a completely new, 
unproven chemical entity,” says Stephen 
Maebius, an expert in nanotech IP at the 
law firm of Foley & Lardner. “There are big 
opportunities here for nanotech companies 
to form alliances with or be acquired by 
pharma companies, as was the case when 
Elan acquired Nanosystems.” 

Another unique emerging trend is the in-
ternationalization of collaboration. Mostafa 
Analoui, Ph.D., Senior Director, Pfizer 
Global Research and Development, ob-

serves that “the increasing role of nanotech 
in emerging markets and countries seems 
to be changing the geographic balance of 
investment and markets.”  

The complexity of the technology itself 
may indeed serve to spur collaboration. 
Says Sean Murdock, Executive Director of 
the NanoBusiness Alliance, “Nanotechnol-
ogy innovation in the biomedical sector 
often involves technologies comprising 
multiple layers of patents – the success of 
such innovation thus inevitably requires 
collective and cooperative relationships 
since those component patents will often 
be held by separate entities.”  

In addition, the cross-fertilization of 
technology is likely to lead to greater 
cooperation in the form of alliances and 
acquisitions among academic institutions, 
private companies, and the government. 
There is already evidence of such collabora-
tion:  for example, The Dow Chemical 
Company appears quite willing to license 
its dendritic patents, and in one deal signed 
over 196 such patents to Dendritic Nano-
technologies in exchange for a significant 
equity stake in the company. To read more 
about this deal, visit http://dnanotech.
com/news_detail.php?id=10. 

Such signs suggest that nanotechnol-
ogy innovators will be able to surmount 
IP obstacles and reap the benefits that 
patent protection offers. “It’s still early 
in the process to say with certainty, but 
I am confident that circumstances will 
necessitate that a cooperative IP spirit, 
characterized by healthy licensing and 
perhaps patent pools, will eventually carry 
the day for nanotechnology innovation, 
much like it has in semiconductors and 
electronics – other industries with similar 
multi-layered technology platforms,” says 
Murdock. And if this vision is achieved, 
there may indeed be an opportunity for the 
innovators of nanotechnology – and the 
biomedical community at large – to fulfill 
the clinical potential that the scientific 
literature and the media have spotlighted.
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A patent pool is a cooperative 
arrangement between multiple holders 
of patents that are necessary to make a 
product.  Under a patent pool, all of the 
needed patents can be licensed together 
at a single price. 


