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Preface

“Don’t be so humble—you are not that great.”
—Golda Mier

THE COLD ROOM is one of biochemistry’s most formidable abodes, a stingy environment
that can be as chilly metaphorically as it is thermally. Many a researcher has been drawn
by the siren-like lure of classical protein studies, only to fall prey to a stark reality: what
is true inside the cell cannot always be easily recapitulated outside the cell. Protein bio-
chemistry abounds with cold room stories that span the gamut from glorious to hilarious,
and I have a few of my own (read on).

Re-wind the reels back to the second year of graduate school at UCSF The year is
1986 and the boss is Keith Yamamoto. There were no laptop computers, no cellular tele-
phones, no commercial Internet or e-mail, and the human genome sequence was just a
pipedream. You remember those days. Those were wonderfully nostalgic days both in and
out of the laboratory, and arguably the golden days of transcription factor studies. Roger
Miesfeld had just isolated the rat glucocorticoid receptor, a hormone-dependent gene reg-
ulator that quickly found its way to center stage in the race to understand how animal
cells turn their genes on and off. With cloned receptor in hand, I set out to test whether
glucocorticoid receptor function could be recapitulated in yeast cells, the idea being that
fungi would allow us to test evolutionary conservation in eukaryotes, and forthwith un-
leash the “awesome power of yeast genetics” Guthrie-style on this unsuspecting animal
gene if we were able to demonstrate functional conservation. Remarkably, the rat recep-
tor sprang to life on the first attempt, producing a diagnostic blue color change in yeast
cells expressing a B-galactosidase fusion and a broad smile on the face of a nervous young
scientist. Conclusions? There were exactly four: (1) the cellular transcriptional apparatus
bad apparently retained function across a daunting 1 billion years of evolutionary time,
(2) yours truly was incredibly brave to work for the hard-driving Yamamoto even in light
of having rapid success in the laboratory, (3) yours truly was incredibly gullible to attempt
such a ridiculous set of expenments with no obvious chance of a positive outcome, and
(4) scientific success requires a perplexing combination of skill, intelligence, naiveté, pas-
sion, chutzpah, bravado, luck, childishness, and je ne sais guoi.

Receptor experimentation in yeast necessarily involved grinding up yeast cells, frac-
tionating the proteins by denaturing polyacrylamide gel electrophoresis, transferring the
proteins onto nitrocellulose, probing the immobilized proteins with a monoclonal antibody,
and examining the filter to confirm the presence of the expressed rat protein. But “west-
ern blotting” can be tricky, particularly with heterologous proteins, which are notoriously
unstable even if the yeast cells expressing the foreign protein have been engineered to re-
move the fungal protease genes, Such studies are also challenging because in spite of the
grinding action of glass beads, yeast cells are surprisingly sturdy and orders of magnitude
tougher than their mammalian counterparts. To maximize our chances of detecting the rat
receptor protein, we decided to hedge our bets by moving as quickly as possible through
the process. In the interest of speed, I quickly loaded up a bucket with ice, cold water,and
about a dozen culture tubes containing yeast cells, and rushed off to the cold room.
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x Preface

Anyone who has ever worked in a cold room is familiar with the stainless steel floors
common to such enclosures, as well as the damp environment and the frequent use of glyc-
erol buffers designed to stabilize proteins during extract preparation (the sage protein bio-
chemists among you probably know what’s coming next). Instead of walking slowly and
carefully into the cold room, I dashed in with great haste and promptly found a small pud-
dle of buffer on the cold room floor. Cold steel, humidity, and glycerol conspired to pro-
duce something more slippery than ice, and before the former hockey player had time to
react, he found himself flat on his back, sending a spectacular shower of ice, water, and
yeast cells flying in every direction, including down the front of his lab coat. Dazed and
disoriented, I spent a memorably miserable hour disrupting yeast cells while wearing a lab
coat soaked with ice water. Only San Francisco summers and UCSF oral examinations
were colder. Upon hearing about the mishap, a colleague in the lab spent the next few
weeks referring to me a “cool guy” who really knew how to “chill out,” phrases that many
found funny, but I found less so! _

An equally amusing story involved the same cold room, an unfortunate rodent, and
a smattering of 20s-something tomfoolery. Not surprising, rat glucocorticoid receptor ex-
periments necessarily involved the occasional use of rats, and apparently one such rodent
attempted to transcend its model organism status by escaping into the cold room, only to
meet its fate underneath an unsympathetic cold room refrigerator. Some time later during
a routine cleaning, a colleague in the Yamamoto lab found the deceased rodent under the
refrigerator, mummified but otherwise intact. He appropriately noted that such a find cer-
tainly added new meaning to the term “lab rat.” After deliberating a few minutes, he de-
cided that the best use of the dehydrated rodent was as a frisbee, a decision that sent him
running from the cold room back into the laboratory for testing. He proceeded to fling
the newly found rat mummy across the room, striking an unsuspecting lab mate who let
out a shriek that sent the entire lab howling. Not to be outdone, the startled lab mate
picked up the shriveled projectile and disappeared for about 5 mysterious minutes, only
to return to the lab with the rodent suspended in a bucket of liquid nitrogen. He then fired
up a cassette player blaring a favorite rock song, and flung the frozen rat back at the
perpetrator, sending the mummy sailing across the lab once more. This time, the brittle object
struck the lab floor with a crackle, sending small pieces of shattered rodent sliding in every
direction. Embellished slightly, but all true, those were cold room stories for the ages!

Nearly two decades have passed since the early days of graduate school, and one is
struck by the changes in high-level science. I sometimes pine for those days insomuch as
the profession seems to have gotten much more serious over the years, perhaps because
the tools are so much more powerful now and perhaps because so much more is at stake
in terms of the fame and fortune that await scientists who are able to negotiate its sharp
corners with dexterity. But in terms of the sheer thrill and excitement of doing science, sci-
ence has never been richer and more exhilarating. And while we have lost some of the
lighter moments and nostalgia that were more characteristic of decades past, and relegate
such memories to lapses of introspection, there is probably no looking back, and rightly
so. With the rise of microarray technology, we are unraveling the complexities of the hu-
man genome at an unprecedented pace, and unraveling such mysteries is affording safer
medicines, better diagnostics, and a deeper understanding of the biochemical basis of de-
velopment, disease, aging, behavior, and many other aspects of life. The latest manifesta-
tion of microarray technology extends our studies beyond genes and messenger RNA
molecules to the ultimate purveyors of the genetic code, the proteins. It is this coveted class
of molecules that provides the focus of a dynamic new book Protein Microarrays.
~ Protein microarrays are analytical devices that contain collections of proteins printed
in rows and columns on glass substrates. The protein equivalent of DNA microarrays,
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these tiny chips allow the massively parallel analysis of protein function in a highly minia-
turized and automated manner. Tens of thousands of recombinant proteins, antibodies, syn-
thetic peptides, and other protein derivatives can be used to examine labeled extracts from
cells, patient sera, and other sources. Specific binding between target molecules on the
chip and proteins in solution yields a quantitative measure of the proteins expressed in a
biological sample. In one format, antibody microarrays provide specific binding reagents
for protein expression monitoring, the logical extension being a chip that would allow the
simultaneous measurement of every protein expressed in the proteome. In another type of
assay, microarrays of recombinant proteins allow the identification of protein binding
partners in a highly precise manner. Indeed, all of the fundamental activities of proteins
carefully delineated using traditional approaches appear to be amenable to protein mi-
croarray analysis; protein-protein binding, enzyme-substrate catalysis, receptor-hormone
recognition, target-drug binding, and so forth appear to work as well on chips as in solu-
tion. In essence, a protein microarray is a cold room on a chip (without the slippery floors
and rodents!). Protein microarrays appear to be poised to replace many of the current in
vitro diagnostic tests that rely on large reagent volumes and plate assays. This highly in-
terdisciplinary technology also promises a new genre of tests based on genomic and pro-
teomic information.

Jones and Bartlett Executive Editor Steve Weaver initiated this project by telephone,
followed by a lively dinner at Spago in downtown Palo Alto where we finalized plans for
the book. Steve and I have worked together successfully in the past, so the decision to take
on this ambitious project was easy. Steve’s intellect eclipses his physical stature (which is
impressive because he barely fits in the passenger seat of a Porsche!), and I am indebted to
Steve for all of his guidance and insight along the way. A dept of gratitude is also owed to
the entire team at Jones and Bartlett including Rebecca Seastrong, Anne Spencer, Elizabeth
Platt, Pam Thomson, Louis Bruno, Dean DeChambeau, and many others who have made
this project enjoyable and rewarding.

I continue to build on the solid foundation provided by my incomparable scientific men-
tors Dr. Daniel Koshland, Jr., Dr. Keith Yamamoto, and Dr. Ronald Davis, and thank them
for their nurturing and wonderful knowledge of protein biochemistry. I must also thank
my publicist Paul Haje for insisting that I take on this project, and my colleagues at
TeleChem International, Inc. for their remarkable expertise and innovative Arraylt prod-
ucts. I also owe a special acknowledgement to my family and friends for their enduring
kindness, and to René Schena whose love is an unwavering source of inspiration during
these demanding projects.

Make no mistake that the contributors are the real heroes in Protein Microarrays. We
were anticipating a total of twelve chapters for the book and received exactly twenty-four.
The project expanded to twice its anticipated size, which is a testimony to the excitement
in the field and to the energy and generosity of the contributors. By assembling two-dozen
chapters from the top protein microarray laboratories in the
world, we essentially guaranteed the success of the book before
it was even published. It has been our experience that a com-
pendium from the world’s foremost authorities allows us to con-
vey information and data that are virtually impossible to obtain
from any other source. We are confident that Protein Microarrays
will help usher in a new era in protein biochemistry, and I ask you
to join me in embarking on this wonderful journey together!

Mark Schena
January 2004




FOREWORD

PROTEIN MICROARRAY TECHNOLOGY is an emerging and evolving science. Unlike DNA chips,
on which interactions are based on Watson—Crick base pairing, protein-antibody interactions
on protein chips are determined by complex associations between epitopes on the target
protein and the antigen-binding site on the detection molecule. Individual protein-ligand
pairs can possess widely different affinities. Proteomic microarrays require capture and de-
tection molecules with high affinities and low dissociation rates so protein detection will
be seen over a reasonable concentration range for the experiment. It may be necessary to
screen several different molecules against the same protein to find those that do not cross-
react with other similar proteins, or lack reactivity due to conformational changes in the
protein target (denatured, aggregated, etc.) in the milieu to be analyzed. For all these rea-
sons protein chips are much more challenging than DNA chips. Unlike gene microarrays,
there are many different types of protein microarrays. Antibodies, aptamers, recombinant
proteins, peptides, phage, even small molecular weight chemicals/drugs can be used as a
bait molecule and/or detection reagent. Usually, the molecule is an antibody (forward
phase approach) or the cellular lysate itself (reverse phase approach), which are immobi-
lized onto the substratum and act as a bait molecule. Each spot contains one type of im-
mobilized antibody or bait protein.

Protein microarrays pose a significant set of analytical challenges not faced by gene
microarrays. The first serious obstacle is the vast range of analyte concentrations to be
detected. Protein concentrations exist over a broad dynamic range (by up to a factor of
10%). To make the analysis even harder, a low abundance analyte always exists in a com-
plex biological mixture containing a vast excess of contaminating proteins. Imagine that
the specificity of a detection antibody is 99%, but a cross reacting protein exists in a thou-
sand fold (or greater) excess. For each analyte molecule detected there will be ten cross-
reacting contaminating molecules detected, and the signal over background will be
unacceptable. The second obstacle is the sensitivity barrier that exists because PCR-like
direct amplification methods do not exist for proteins. Consequently, protein microarrays
require indirect, and very stringent, amplification chemistries. Adequate sensitivity must
be achieved (at least femtomolar range), with acceptable background. Moreover, the la-
beling and amplification method must be linear and reproducible to insure reliable quan-
titative analysis. Finally the amplification chemistry must be tolerant to the large dynamic
range of the analytes and the complexity of the biologic samples. The biologic sample may
naturally contain biotin, peroxidases, alkaline phosphatases, fluorescent proteins, and im-
munoglobulins, all of which can substantially reduce the yield or background of the ampli-
fication reaction. The third analytical challenge is that the clinical power of protein
microarrays can only be realized if the technology can analyze very small amounts of input
material. The analysis of cancer cells, for example within a core biopsy, may contain only
a few thousand cancer cells. Assuming that many proteins of interest, or their phos-
phorylated counterparts, exist in low abundance, the total concentration of the analyte pro-
tein in the sample is obviously very low. Another major hurdle that needs to be overcome
is the limited (but growing) availability of well-validated high affinity specific antibodies
for the multitude of analytes that are under analysis.

The availability of high quality, specific antibodies or suitable protein binding ligands
is the limiting factor, and starting point, for successful utilization of protein microarray
technology. Prior to use on any microarray format, antibody specificity must be thoroughly
validated (e.g. single appropriate sized band on western blot) using a complex biologic

xiii



xiv Foreword

sample similar to that applied and analyzed on the microarray. A significant challenge for
cooperative groups, funding agencies, and international consortia, is the generation of
large comprehensive libraries of fully characterized specific antibodies, ligands and probes.
A major initiative of HUPO (Human Proteome Organization) is the production, and qual-
ification of antibody libraries that will be made available to the scientific community.
Lastly, there is no established set of reference standard reagents for each of the various com-
ponents of protein microarray platforms. Without the establishment of reference stan-
dards, it will be difficult to interpret results across time and between laboratories and
platforms. Accuracy and precision are paramount for protein microarrays, as they are for
any assay regardless of the degree of multiplexed testing. Without the appropriate controls
and calibrators, clinical implementation will be impossible.

* % *

The Food and Drug Administration (FDA) is interested in all aspects of genomics, in-
cluding protein microarrays because we believe the products developed using this new and
evolving science will have profound positive impacts on public health. FDA participation
is two-fold. In the area of research, FDA has begun laboratory work to develop microarray
tests including protein microarrays. In the area of regulation, FDA has begun to proactively
consider how it can effectively ensure new diagnostic devices are able to reach the med-
ical marketplace in a timely fashion. For the past four years the Office of In Vitro Diagnostic
Device Evaluation and Safety (OIVD) in FDA’s Center for Devices and Radiological Health
has been actively seeking an early dialogue with manufacturers of such tests as they de-
velop their product for commercial marketing. Several dozen have accepted this invitation
and come in to discuss new products and those under development.

Although this text is mainly focused on protein microarray techniques, it is clear that
these technologies may be of important use in diagnostic testing in humans. In Chapter 7,
Lebrun describes modeling the proteome to define proteins associated with Rheumatoid
Arthritis (RA). His team has assayed approximately 4,000 relevant proteins and found §
with a significant predictive value for RA. He also describes the use of printed antibodies
and proteins as clinical markers for cancer. Seong notes in Chapter 8 the commercial avail-
ability of protein microarrays is currently limited but the future is bright. Novel biomarkers
for diagnosis and therapeutic efficacy as well as an evaluation of drug candidates in pre-
clinical and clinical stages are mentioned.

For many of these tests the FDA has already identified an efficient route to market via
guidance documents. The guidance for submitting applications for tests for Rheumatoid
Factor (RF) is found on the OIVD web page (http://www.fda.gov/cdrh/ode/rhuema.html),
and for monitoring the recurrence of cancer in previously diagnosed and treated patients
is found at http://www.fda.gov/cdrh/ode/tumor821.html. For the latter, industry input was
most helpful in enabling the agency to develop this guidance.

FDA is striving to keep abreast of the developments in proteomics. The agency has con-
cerns about both the standardization and reproducibility of the microarray chips. For re-
liable clinical use, obviously there must be reasonable and reproducible performance on
the same chip, on different chips manufactured or used at different times, at different
locations, and by different operators.

Both quantitative and qualitative results can be obtained from protein microarrays.
In many cases protein microarrays can be compared to diagnostic tests now available
(e.g. RE, PSA monitoring, bacterial identification). In other cases they may present new and
higher risks and FDA might require comparison to an established clinical diagnosis or
other yardstick for truth.
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Dialogue between manufacturers interested in offering a new protein microarray as a
diagnostic test in humans can be formal or informal. On an informal basis, manufacturers
can contact the OIVD and participate in the ongoing office level educational staff college
put into place to help inform and educate our regulatory work group. On a formal basis,
manufacturers can submit protocols for formal evaluation through a process referred to as
the pre-IDE process. In this process, the manufacturer provides FDA with the investiga-
tional study that is designed to evaluate the microarray’s safety and effectiveness for its
intended use. There is no charge for this service and FDA tries to maintain a 60-day turn-
around time for review. At the end of the review, depending on the nature of the issues iden-
tified, a manufacturer may wish to meet with FDA for further discussion or clarification.

Based on its experience and regulatory goals, during the pre-IDE process the FDA pro-
vides feedback and suggestions to the manufacturer on how to obtain the most useful sci-
entific information during the study evaluation of the accuracy of the microarray test. The
FDA input does not guarantee a favorable outcome, however. That also depends on the de-
sign of the microarray itself. Because of this and because the pre-IDE is a non-binding
process, manufacturers submitting protocols for review are not locked into a course of ac-
tion. However, by providing study designs before they are performed and either following
them closely or explaining deviations clearly, FDA is able to complete its review process in
a streamlined and expedited manner that benefits both the agency and the device sponsor.

Another Center of FDA, the Center for Drug Evaluation and Research (CDER), has
identified the use of valid biomarkers in the drug development process in a draft guidance
(http://www.fda.gov/cder/guidance/5900dft.doc). FDA has identified tentative criteria for
valid biomarkers as those measured in analytical test system with well-established char-
acteristics and with an established body of evidence for test results. The agency continues
to consider what criteria should be applied to determine valid biomarkers. This draft guid-
ance at the present time does not specifically address protein microarrays, although many
of the general portions can be applied to these products.

It appears that the FDA, industry, and academia have a common interest in the de-
velopment and use of protein microarrays and of techniques for establishing microarray
diagnostic performance. As this text indicates, there is a wide range of scientific talent and
many ongoing projects being applied to the many issues integral to the successful imple-
mentation of this new area of science. We at FDA hope that the science will help drive our
regulation of new products and that we will be informed and helpful partners in the process
of the making protein microarray technology an integral part of future health care.

Joseph L. Hackett, PhD
Emanuel E. Petricoin, PhD

Food and Drug Administration
Bethesda, Maryland
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