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ABSTRACT

Microfluidics is the science of devices and processes dealing with fluid volumes on the nanoliter or
picoliter scale. The most popular and commercially visible applications of this technology consist of
DNA microarrays, or ““biochips.”” DNA microarrays are most useful for their fast, efficient processing of
multiple DNA sequences of genes. In this article, Douglas Sharrott and Hassen Sayeed explain the
various intellectual property (“IP”) issues relating to DNA microarrays and microfluidics applications.
They also examine alternative methods of protecting valuable IP, such as trade secret and “mask work”
protection under the copyright laws. Finally, Sharrott and Sayeed discuss a representative case that
teaches valuable lessons to those in the microfluidics industry to help guide IP strategies.

I. INTRODUCTION

icrofluidics is the science of devices and processes dealing with fluid volumes on the

M nanoliter or picoliter scale.® The most popular and commercially visible applications of this

technology—DNA microarrays—have been recognized by the federal government as

facilitating “an important and necessary first step in our understanding and cataloging of the

human genome.”® The chief utility of DNA microarrays (often called “biochips”) comes from their fast,

efficient processing of multiple DNA sequences or genes. The information product of such processing

can be used by researchers to analyze relative genetic expression, genomic gains and losses, and DNA
sequence polymorphisms.®

Borrowing well-known techniques from the semiconductor industry, the microarray fabrication
process involves etching a layout of reservoirs on a flat support wafer (often plastic or glass) through
which fluid movement is controlled.* Precise flow-direction is achieved through passive or active
pressure differentials, or electronic signals (“electrokinetics”). On the support wafer, genetic sequences
are built and anchored to the reservoirs as experimental probes.> When biological fluids are passed over
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them, the probes bind to complementary DNA targets, giving researchers a powerful tool to examine
genetic sequencing and gene expression. In recent years, biochip manufacturers have explored alternative
fabrication techniques, such as “spotting” DNA probes onto support wafers or synthesizing the probes
directly into the support wafer itself.®

Not surprisingly, the pharmaceutical and medical industries have shown keen interest in DNA
microarrays. One recent study projects that the total biochip market will exceed $5 billion by 2009.”
Notwithstanding this commercial success, microarrays remain a somewhat novel technology from both
legal and regulatory perspectives. They also raise significant intellectual property (“IP”) issues at the
intersection of bioinformatics and genomics.

Il. PATENT THICKETS: RECENT ANSWERS FOR DNA MICROARRAYS

Genes are patentable. The “gold rush” to claim genes was previously limited by research
techniques, but the ubiquity of microfluidics in biomedical research has greatly expanded the number of
potential claims to the human genome.

Until recently, the most significant IP concern about biochips involved the patentability of expressed
sequence tags (“ESTs”)—gene fragments for which no known functional utility exists. When the
National Institutes of Health applied for the first EST patents in 1991, the possibility arose that such
patents could overlap with and possibly invalidate later patents directed toward fully-sequenced,
expressed genes.® Commentators describe this proliferation of overlapping patents as a potential “patent
thicket”—a tangle of intellectual property rights through which companies must cut to bring new
technologies to market.® In the thicket, scientists and corporations might be forced to renegotiate
constantly for the right to exercise any individual gene patent, or to use commercial products obtained
from that gene.

In January 2001, partly as a response to questions about the patentability of ESTs, the United States
Patent and Trademark Office (“PTQ”) issued revised utility guidelines that were ultimately incorporated
into the Manual of Patent Examining Procedure.’® These guidelines required inventions to demonstrate a
“specific, substantial, and credible” utility.*> While the PTO cautioned against patenting “inventions
whose asserted utility requires further research to identify or reasonably confirm a ‘real world’ context,” it
was unclear whether the new guidelines would guide judicial interpretations of the patent statute.?

On September 7, 2005, the Federal Circuit signaled its agreement with the PTO guidelines by
holding that ESTs are unpatentable because of a lack of specific and substantial utility.*®> In re Fisher
involved an appeal from the Board of Patent Appeals and Interferences for an invention relating to ESTs
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purified from maize plants. The Federal Circuit held that, absent clear identification of the related maize
plant genes, the claimed ESTs were not “researched and understood to the point of providing an
immediate, well-defined, real world benefit to the public meriting the grant of a patent.”** The Court
majorligy was unmoved by the argument that ESTs could offer substantial utility as laboratory research
tools.

In re Fisher marks a paradigm shift in biotechnology innovation. The Federal Circuit appears intent
on preventing patent thickets from taking root in genetic applications. How In re Fisher will affect
business growth and research and development in the microfluidics industry will be of intense interest to
investors in the coming months and years.

I11. ALTERNATIVE SOURCES OF IP PROTECTION: TRADE SECRETS AND MASK
WORK

In an effort to avoid the evolving issue of gene patents, microfluidics researchers may elect to
protect their technology under trade secret law. Such protection may be cheaper and can last indefinitely,
but it generates increased surveillance costs. Employee mobility between the private sector and academia
creates difficulties in monitoring the competition.'® Depending on the time-to-market and ease of
obtaining and reverse engineering a microfluidic product, IP attorneys might consider whether trade
secret or patent law provides the best protection for their clients.*’

Additionally, under U.S. copyright law, the layout of semiconductor chips is protected as an
intellectual property right. Layouts must be registered with the Copyright Office, which then confers
upon the owner so-called “mask work protection” (named after the lithographic photomasks from which
integrated circuits are usually created).'® Some commentators have theorized that DNA microarrays
might be good candidates for such protection.’® Researchers and corporations may wish to consider the
value of mask work registration as an alternative or supplemental tool for defending an IP portfolio.

IV. LESSONS FOR THE INDUSTRY: A REPRESENTATIVE CASE

The importance of structured licensing agreements is particularly important after In re Fisher.
Without EST patent portfolios to act as shields against competitors, biochip companies are well-advised
to review their licensing arrangements. One prominent patent infringement case demonstrates how ex
ante licensing strategies may resolve disputes more efficiently than traditional litigation.

In March 1997, Hyseq sued Affymetrix in the Northern District of California.?® Hyseq alleged that
Affymetrix infringed Hyseq’s patents for sequencing DNA by hybridization (“SBH™) on microarrays.?*
In a series of four parallel lawsuits filed in the Northern District of California and Delaware, Affymetrix
and Hyseq proceeded to litigate existing and newly issued microarray patents for the next four years.?* In
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January 2001, a court issued a Markman claim construction (a legal ruling that defines disputed patent
claim terminology) that supported Affymetrix’s position of non-infringement.>®> In October 2001, the
parties agreed to a settlement that acknowledged the validity of all the patents at issue between them.?*

As a result of the settlement, Affymetrix obtained a 10% ownership of Callida Genomics, a new
Hyseq subsidiary to which Hyseq assigned all of its SBH patents.?> Affymetrix and Hyseq also entered
into a corporate collaboration to develop DNA sequencing microarrays through Callida’s wholly-owned
subsidiary N-Mer.  Affymetrix became the exclusive supplier to (and sales agent for) N-Mer’s
microarrays, and retained an option to purchase a majority stake in the company. In return for access to
Hyseq’s array-related technologies, Affymetrix granted Hyseq and Callida a variety of exclusive and non-
exclusive internal licenses to its own array technology.”®

Ironically, Hyseq’s early patents covered SBH techniques, while in contrast, many of Affymetrix’s
early patents covered microarray manufacturing processes.?”  While Affymetrix did patent some
experimental applications of microarrays (e.g., screening methods, so-called “DNA fingerprinting™),?® its
settlement agreement with Hyseq suggests the value of analyzing respective R&D strengths in
anticipation of litigation. Had Hyseq and Affymetrix focused simply on sequencing and manufacturing
strengths respectively, the companies might have come to an adequate cross-licensing scheme without
incurring expensive litigation.

Given the high start-up cost of developing microfluidics technology, strategic IP planning may be
vital for corporate survival. For example, a re-focusing strategy helped Incyte Genomics, which sold off
its microarray division in 2002 after a series of infringement lawsuits with Affymetrix.?® The newly
streamlined company focused its business model on bioinformatics, licensing tools, and databases
developed through analyses on microarrays licensed from other parties.>® By 2004, Incyte Genomics
(now “Incyte Corporation”) was using its technology to assist the pharmaceutical industry with pre-
clinical drug development and in vivo trials.*

V. CONCLUSIONS: POLICY CHALLENGES

As microfluidics technology develops, DNA microarrays and associated health-related technologies
will likely be amongst the most prominent applications. But these technologies implicate not only
questions of IP, but also health care law and medical and legal ethics. Government policy intervention
may be necessary to balance the competing private and public interests in microarray invention,
fabrication, and utility. A policy analog would be the Hatch-Waxman Act and its balanced regulation of
pharmaceutical drug innovation and competition.
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More complex pricing regulation may also be required between competing academic institutions and
private industry. Commercial exploitation of the human genome risks generating excessive rents on basic
and applied research.®? Given the paucity of federal research grants, and the tenuous finances threatening
many microfluidics start-up companies, an unregulated biochip market may ultimately restrain scientific
innovation and circumvent patent law’s goal of promoting scientific progress.

32 See Bryon V. Olsen, The Biotechnology Balancing Act: Patents for Gene Fragments, and Licensing the “Useful
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