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Preface

The study of tissues, particularly those derived from the clinic, is a com-
plex and challenging undertaking. Historically, these investigations were
morphology-based and descriptive in nature. Although they provided little
molecular-level information about the normal and pathological events that
occur in specimens, they were essential in determining cellular constituents
and the phenotypic alterations that occur in disease processes. In the last
few decades, the application of laboratory techniques, such as immunohis-
tochemistry and Northern blotting, have generated molecular results from
tissue samples that complement morphological information. These data
permit investigators to move toward a mechanistic understanding of histo-
pathology, and are also important in generating clinically useful diagnostic
and prognostic markers. In parallel, fundamental mechanisms of patho-
physiology are now under study in many laboratories using in vitro (co)-
culture and mouse model systems. Yet our understanding of tissues at the
molecular level remains woefully incomplete. In particular, basic informa-
tion on the “-omic” state of each cellular phenotype, including mRNA and
protein measurements (in the context of a specific genomic background),
as well as the status of biochemical pathways is not available. Using astron-
omy as an analogy, one might say we are like early observers of the night
sky using rudimentary telescopes that measure only the brightest objects
and observe a limited spectrum of the electromagnetic radiation in the
universe. Clearly, there is much more to know.

The good news is that it is an exciting time for investigators interested
in analyzing tissues. The intersection of multiple biomedical disciplines is
opening up new opportunities and possibilities. The information from the
Human Genome Project provides a “parts list” of the genes that need to be
measured. High-throughput technologies, such as expression microarrays,
allow simultaneous quantitation of large numbers of transcripts, in the or-
der of tens of thousands. The more recent emphasis on proteomics pro-
mises to deliver new methodologies that permit both whole proteome mea-
surements and determination of the activation state of each protein. Finally,
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new computational techniques developed by bioinformaticians permit the
overall data sets to be analyzed in ways that transcend the traditional “one
lab-one gene” approach. Ultimately, the field is moving toward histomathe-
matical descriptions of normal and diseased tissue samples, in other
words, comprehensive numerical representations of cellular phenotypes.
The generation, analysis, and interpretation of these datasets will signifi-
cantly improve our understanding of cellular pathophysiology, and provide
signposts towards new and more effective clinical interventions.

The present book presents both a theoretical and a practical guide to
analyzing tissue samples and is divided into four sections; clinical issues,
pathology laboratory, molecular analysis, and protocols. The chapters in
the first three sections describe available methods, some of the challenges
involved with these efforts, and provide examples where new techno-
logy(ies) and methodologies may be useful. The last section of the book
provides a series of “ready-to-use” laboratory protocols. The authors and
topics were selected from a broad range of clinical and scientific disciplines
to emphasize the multidisciplinary aspect of this undertaking, especially
when clinical tissue specimens are analyzed. No one aspect of the project
can be viewed in isolation, thus it is critical to utilize an integrated
approach. In that regard, the first section of the book is dedicated
to clinical issues. Dr. Moskaluk begins by discussing the historical develop-
ment of anatomic pathology, from basic science investigation to practical
use in the clinic to the current development of high-throughput molec-
ular analyses that complement morphologic examination. His chapter
concludes with a description of how molecular analysis of microdissected
samples may be clinically utilized in the pathology laboratory of the future.
The second chapter by Drs. Kim and Ornstein illustrates the poten-
tial near- and long-term patient-care utility of tissue profiling in more de-
tail.

The second section of the book follows samples from the clinic to the
pathology laboratory. The chapter by Drs. Gillespie and Gannot describes
the various steps in tissue processing and how these may impact subse-
quent molecular studies. Several accompanying methods are provided in
the section on protocols. Dr. Stephen Bova’s chapter continues with a dis-
cussion of data management in the context of studying large cohorts of tis-
sue specimens. Included is a description of a novel laboratory tool (Lab-
Matrix) that permits investigators to efficiently control, manage and access
all of the components that comprise a study. The chapter by Dr. Michael
Tangrea and colleagues covers the historical development of tissue micro-
dissection, describes the newer commercial laser-based technologies that
are available, and also presents two new technologies for tissue analysis,
expression microdissection (xMD) and layered expression scanning (LES),
techniques that when fully developed may complement methods currently
in use. Dr. Stephen Hewitt, Director of the Tissue Array Research Program
(TARP) at the National Cancer Institute, presents an overview of tissue ar-
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rays and their utility for studying clinical or animal specimens in a high-
throughput manner.

The third section of the book moves from the pathology laboratory to
the research bench. Once a specimen has been processed and subsequently
subjected to microdissection, there are multiple molecular analysis tech-
niques that can be utilized, depending on the goals of the study. In addi-
tion, the upstream nature of the sample (clinical, animal model?) and the
effects of tissue processing (snap frozen, fixed and embedded?) need to be
factored into both the study design and subsequent interpretation of data.
Investigators have a diverse set of available tools, but it is critically impor-
tant they are used properly to maximize the information that can be
gleaned from the specimens, and to ensure that the results are accurate. In
Chapter 7, Dr. Sergio Gonzéilez presents traditional techniques that are
used for studying tissues, the strengths and weaknesses of the approaches,
and how these methods can be used most efficiently in the laboratory. The
chapter by Drs. Uribe and Wistuba focuses specifically on genomic DNA
analysis of microdissected samples, discussing a range of methods, from
genotyping to mutation analysis. Drs. Ozsolak and Luzzi from Dr. Mark
Watson’s laboratory present a superb overview of RNA analysis, including
high-throughput expression arrays and subsequent validation with RT-
PCR. Finally, Dr. David Geho of the NCI-FDA Clincial Proteomics Group,
co-chaired by Drs. Petricoin and Liotta, rounds out the molecular analysis
section by discussing the new and rapidly developing field of “tissue pro-
teomics.”

Our hope is that the present book is useful to a broad range of investi-
gators and clinicians who are interested in the analysis of tissue samples.
The ability to accurately and comprehensively analyze molecular anatomy
has the potential to significantly enhance our understanding of normal
physiology and disease processes.

The Editors
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1 Molecular Pathology Laboratory of the Future

CHRISTOPHER A. MOSKALUK

1.1 The Past

The integration of laboratory analysis with human medicine has tradition-
ally been divided into two broad specialties: anatomic/surgical pathology
and clinical pathology. Clinical pathology has been primarily the realm of
“wet lab” analysis of bodily fluids and secretions, and over time has uti-
lized the full range of laboratory techniques in chemistry, biochemistry,
microbiology and molecular biology. The analysis of whole human tissue
has been primarily the providence of anatomic pathology, which is much
older than laboratory-based medicine, and is a direct descendent of the
discipline of gross dissection and examination of human organs of Galen
and his contemporaries in ancient Greece. Gross dissection allowed for the
basic understanding of the “plumbing” of the human body, and the subdi-
vision of the organs into organ systems of distinct function (circulatory vs.
digestive, etc.). During the Renaissance in Italy, autopsies became standard
practice in the investigation of human disease. Diseases began to be cate-
gorized by the gross changes seen in tissue (e.g., hemorrhage, tumorous
growths, caseating necrosis, sclerosis). It is of interest to note that most of
these ancient terms have not disappeared, but have been incorporated and
integrated into the modern lexicon of clinical medicine, even as the very
molecular basis of these diseases is being understood.

With the advent of microscopy in the seventeenth century and the dis-
covery of the cellular basis of life, diseases in which distinctive tissue
changes occurred could be categorized on their histologic appearance. Ad-
vances in microscopic optics and histologic techniques correlated with in-
creased understanding of disease processes. It was discovered that various
substances “fixed” tissues in a way that prevented autolytic breakdown and
decay. The development of mechanical microtomes to section tissue as
thinly as possible allowed for greater penetration of light through the tissue
and provided uniformity of the sections. Embedding of tissue in wax al-
lowed for a rigid matrix that greatly aided in histologic sectioning, but this
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embedding required the extraction of the water from tissue, hence the
stepwise processing of tissue through a graded series of alcohol baths into
an organic solvent was devised. Since most tissue elements are essentially
colorless, many varieties and combinations of stains have been developed
to enhance histologic contrast among the various constituents of tissue ar-
chitecture. By the latter half of the nineteenth century, the basic histologic
technology that is still most widely used today had been developed: the he-
matoxylin and eosin stained formalin-fixed paraffin-embedded tissue sec-
tion (Fechner 1997).

Histologic analysis of tissue came into its own as a clinical diagnostic
test in the nineteenth century, with the German physician-scientist Rudolph
Virchow being its greatest early proponent. It was at this time that the “hu-
moral theory” of human disease (disease being the result of imbalances of
specific fluids in the human body) began its rapid decline, with the under-
standing of the cellular basis of human disease, including infectious and
oncologic disorders. It is interesting to note that early academic anatomic
pathologists were most interested in the scientific discovery of the basis of
human disease and were not especially interested in its direct application
to clinical medicine. Especially in the United States it was surgeons, many
outside academic medical centers, who were the early practitioners of mi-
croscopic tissue examination in the clinical management of patients (Rosai
1997). These clinicians needed methods to determine whether surgery was
indicated, what type of surgery was indicated, and if the surgical procedure
was successful in its intent. This shift in focus from scientific inquiry to
clinical practice is reflected in the terminology of “surgical pathology” to
describe the subspecialty of anatomic pathology concerned with clinical
tissue diagnosis. This very practical need for better ways to inform clini-
cians on the selection of therapeutic options drove the ascendancy of histo-
logic tissue assessment. This fact is useful to consider when one ponders
the future of new technologies in the application of tissue diagnoses.

1.2 The Present

The majority of tissue-based diagnostics in our time is based on the inter-
pretation of the morphologic characteristics of fixed and stained cells and
tissues as seen under the microscope. That this technology of over a
100 years of age is still extensively used speaks for its power. New disease
entities are still being defined using these methods, and the histologic clas-
sification and categorization of diseases are continually revised as our un-
derstanding of, and our experience with, these disease processes increases.
Although some disease classification requires the assessment of cell ultra-
structure by electron microscopy, this requirement occurs in a small mi-
nority of clinical tissue examinations. While the strength of histologic
analysis is that tissue and cell morphology is often an accurate reflection
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of the sum of many molecular alterations, its weakness is that these under-
lying molecular alterations are not specifically identified.

In general, histologic tissue assessment is concerned with the identifica-
tion of specific cell types, and the overall organization of the tissue struc-
ture. Abnormalities in tissue organization may identify a congenital ab-
normality, a degenerative process, or an acquired destructive process. Of
the latter category, the major etiologies are autoimmune, infectious and
neoplastic. Neoplastic processes are usually identified by specific changes
that occur on the cell structure level, most commonly an increase in the
size of the nucleus, irregularity of the nuclear contours, and/or an increase
in DNA content as reflected by uptake of the hematoxylin stain. Architec-
tural changes (abnormal arrangement or placement of cell populations) are
also frequently employed in the identification of neoplasms. Once the diag-
nosis of a neoplasm is established, subclassification is based on differentia-
tion patterns as expressed in cell shape (spindle vs. polygonal, etc.), cell
products (mucin, keratin, etc.) and architectural arrangement (formation
of glandular structures, single cell infiltration, etc.). The variation from
sample to sample due to differences in fixation and staining, as well as the
subtlety of many of the pathologic changes has precluded major inroads by
computer image analysis, and the interpretation of tissue histology remains
the realm of physicians with specialty training in surgical pathology.

There has been some integration of molecular assays into surgical
pathology. By far, the most prevalent form of molecular assay is the detec-
tion of specific antigens (usually a protein species) by an antibody in the
technique of immunohistochemistry. The rapid assimilation of this tech-
nique in clinical practice is in part a consequence that the interpretation of
this technique is microscopic examination, hence was easily assimilated
into the normal practice of surgical pathology. The majority of immunohis-
tochemical analyses employed are for the classification of disease processes
rather than the determination of prognosis of a disease process. For in-
stance, a metastatic poorly differentiated neoplasm may have a panel of an-
tibodies applied to determine if the neoplasm has characteristics of epithe-
lial cells, stromal cells, melanocytes or lymphocytes, hence may be classi-
fied, respectively, as a carcinoma, sarcoma, melanoma or lymphoma, with
consequences for the selection of subsequent chemotherapy and radiation
therapy. While appropriate classification and staging of a clinical disease is
important for prognosis, surprisingly there has been little impetus for
widespread implementation of molecular tests whose results yield solely
prognostic information.

A case in point is clinical testing for her-2/neu overexpression in breast
cancer. The discovery that amplification of the her-2/neu oncogene was
correlated with a more aggressive cancer phenotype and a poorer prog-
nosis was first discovered in 1987 (Slamon et al. 1987), without the signifi-
cant adoption of this assay in clinical assessment for over a decade. How-
ever, widespread clinical testing for her-2 neu overexpression did not occur
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until the advent of targeted therapy with trastuzumab (Herceptin) in the
late 1990s (Goldenberg 1999; Hanna et al. 1999). The clinical need to assign
a therapy has been the driving force in the adoption of a new technique in
tissue diagnosis for over a century, and will probably continue to be so for
the future.

Other examples of the integration of molecular assays in tissue diagnosis
is in situ hybridization, which is slowly being implemented as a standard
test to study specific genetic changes that occur in cancer. The indications
include subclassification of lymphomas and sarcomas on the basis of spe-
cific chromosomal translocations and the analysis of her2/neu gene ampli-
fication. Again, note that these determinations usually have implications
for the type of anti-neoplastic therapy employed. Polymerase chain reac-
tion (PCR) of genomic DNA or coupled with reverse transcription of mes-
senger RNA (RT-PCR) to identify specific gene rearrangements from tissue
samples is also being increasingly used, but remains primarily a technique
performed at relatively few specialized laboratories.

1.3 The Future

Leaving the realm of validated clinical tests, there are several technologies
currently being used to analyze tissue in the research setting. The most ex-
citing are those that provide a “global” analysis of hundreds to tens of thou-
sands of analytes. This includes DNA microarray analysis, which can be used
to assay DNA and RNA content (Duggan et al. 1999; Lipshutz et al. 1999).
With a current capacity of tens of thousands of probe sets, the whole of
the predicted human gene population can be assayed for the presence and
quantity of messenger RNA transcript. Similarly, the probes may query single
nucleotide polymorphisms (SNPs) that can determine the presence of specific
polymorphic sequences on chromosomes. Such a microarray can be used to
determine the gain or loss of specific chromosomal regions in neoplasms. Al-
ternately, microarrays can be used to query all of the nucleotides of a specific
gene, allowing detection of all possible mutations in a single assay. For pro-
teins, mass spectroscopy is the most promising global assessment technology.
In this technique, protein extracts are ionized, and the constituent proteins
are separated in an electric field on the basis of mass and charge. Depending
on the specific technique used, either a complex “fingerprint” of the consti-
tuent proteins is obtained that may be distinctive for a specific disease pro-
cess or tumor type, or the actual identity of a subset of the proteins can be
determined. All of these technologies impart a catalogue of biomolecules pre-
sent in a tissue sample, revealing characteristics that may or may not be re-
flected in the morphologic characteristics of the cells, characteristics that
correlate with functional biochemical and biological activity.

The greatest challenge to new technologies is to match the sensitivity of
standard histopathology. An experienced surgical pathologist may confi-
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dently render an unequivocal diagnosis of a malignant neoplasm with as
little as ten cells (or less) from a biopsy that contains thousands or tens of
thousands of cells. This sensitivity ranges across most types of the hun-
dreds of cancer subtypes. While some molecular assays are as or more sen-
sitive (PCR for example), none can combine the universality of histologic
analysis with such sensitivity. In addition, some tests, especially global ana-
lyses of biomolecules, will require a pure population of cells to avoid con-
founding signals coming from an impure cell population. Given that cancer
cells are always present in varying quantities in clinical samples (biopsies,
fine-needle aspirates, resection specimens), it is quite likely that a selection
or purification step will be required to obtain the cell population of inter-
est. Again, since it will not be known a priori what cell type will be present
in an initial diagnostic biopsy, histologic analysis will most likely still be
employed to make an initial assessment of the disease process.

There have been several studies reported in the literature to show that
microarray gene expression profiling can classify cancers as well as tradi-
tional histologic examination (Golub et al. 1999; Giordano et al. 2001; Ra-
maswamy et al. 2001; Su et al. 2001). Are these findings the harbingers of
the decline of histology as the major tissue diagnostic modality? Perhaps
not. The key fact to remember here is that these genomic analyses were
generated from cell populations that were recognized and at least partially
purified by histologic examination. Only if molecular markers are identi-
fied that robustly and specifically identify discrete cell populations will the
need for histologic assessment disappear. The fact that this approach could
be used is made clear by the current use of flow cytometry. In this tech-
nique, cells in suspension can be identified and separated on the basis of
antibody binding, size and cytoplasmic substructure. While flow cytometry
on whole cells may be used with ease in noncohesive “liquid” cancers of
leukemia and lymphoma, its use in the separation of malignant cells from
solid tumors (bound by physical bonds to neighboring cells) is proble-
matic. The manipulations required to dissociate cohesive tissue has major
impacts on protein and RNA transcript populations and the selection of
separation techniques often requires some a priori knowledge of the de-
sired cell population.

The last point brings up the issue of a possible “tissue Heisenberg un-
certainty principle” at play. The techniques and procedures that allow as-
sessment of one particular molecular species (e.g., immunohistochemistry,
in situ hybridization) often cause changes in other molecular constituents
(e.g., RNA and protein degradation, protein dephosphorylation). If it is
true that a complex analysis of a large number of specific molecular mark-
ers is required to identify a specific cell population, it is difficult to see,
therefore, how the need for “simple” histologic examination will be re-
placed, at least as an initial clinical assessment. Only if two major technical
problems can be overcome will be need for histologic assessment disap-
pear: (1) the lack of an adequate simple panel of molecular markers that
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separates out desired target cells and (2) the elimination of major changes
in other molecular constituents of the cells during the initial “cell identifi-
cation” assays.

If histologic analysis cannot be eliminated, and if a subsequent assay
yields no or only nominally additional clinically relevant data, economics
will dictate that the secondary assay will probably not be adopted in pa-
tient care. Does this mean that most molecular analytic techniques will re-
main solely in the realm of research laboratories, and not move into the
clinical arena of tissue diagnosis? Probably not, for it is clear that histolog-
ic assessment cannot determine with precision all of the biological hetero-
geneity inherent to disease processes, especially neoplasms. Reports are
emerging showing that such global gene expression surveys can identify
subclasses of tumors within traditional cancer classification schemes that
respond differently to standard therapy (Pusztai et al. 2003). As discussed
above, it is this enhanced ability to ascribe a specific therapeutic regimen
that will drive the adoption of these new molecular-based assays in tissue
diagnostics.

It would appear that neither will histology be completely supplanted by
novel technologies, nor will the need for molecular assessment of clinical
tissue abate. Given that histologic analysis will continue, it will probably be
most efficient to combine histologic examination with the cell purification
step required for the global molecular analyses. The microscopic-guided
isolation of specific cell population from tissue sections is termed “micro-
dissection”, and several microdissection techniques have been developed to
achieve this task (Emmert-Buck et al. 2000). As discussed elsewhere in this
volume, the current state of the art tissue microdissection platforms em-
ploy laser beams that capture cell populations specifically targeted by the
operator by direct microscopic examination. While being almost exclusively
research apparatuses today, it is expected that these platforms will continue
to develop in optical clarity, ease of use, and automation as they move
from research laboratories to the desks of surgical pathologists.

Given that the trend in tissue diagnostics is to render diagnoses on
smaller and smaller samples obtained by increasingly minimally invasive
procedures (needle biopsies and fine-needle aspiration), molecular assess-
ments will have to be extremely sensitive. The techniques will have to be
refined, such that reproducible and robust genomic/proteomic signatures
can be generated from a handful of cells. Polymerase chain reaction (for
DNA and RNA) and in situ transcription-based RNA amplification technol-
ogies now exist that meet or probably soon will meet these requirements,
with proteomic technologies requiring further enhancements.

Additional advances that will probably be reflected in the clinical tissue
assessment of the future are robotics and digital image analysis. While
automated laboratory testing is the norm in clinical pathology, surgical
pathology is primarily a bastion of “hand-crafted” skills, dependent on the
dexterity of histotechnologists and the pattern recognition skills of the
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physician. Even today’s cutting-edge technologies of laser-assisted micro-
dissection require relative painstaking and time-consuming tissue acquisi-
tion by a skilled histologist. In the future, more of the sample preparation
and microdissection and the majority of the downstream analyses will be
performed automatically on robotic platforms. This will also allow for re-
mote manipulation of the machinery, so the pathologist may not have to
be in the same room, or even the same building as the tissue that he or
she is analyzing. Image analysis will also probably improve significantly,
with some level of computer-guided recognition of target cells within tissue
sections. If molecular probes can successfully be employed, then target cell
acquisition may be almost completely automated. It is expected that such
automated image analysis will always require a final inspection and adjust-
ments by a physician, but having such an initial target selection will greatly
increase throughput. Finally, having the images digitally recorded will cre-
ate a permanent record of the morphologic features, even for specimens
that are subsequently destroyed during microdissection and molecular ana-
lyses. Thus, in the future, tissue samples may be placed into a “black box”
and never again be touched by human hands, but their essence on both a
morphologic and molecular level will be determined and digitally recorded
as a permanent virtual tissue sample (Fig. 1.1).

PCR, RT-PCR,
Sequencing
analysis

Microdissection | Microarray
Unit Analysis
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Cryostat Storage
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e e Molecular Data

Remote computer Digital Archives
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Fig. 1.1. Surgical pathology workstation of the future. Tissue samples are fed into
the cryostat sectioning unit at left. Histologic sections are made, examined and mi-
crodissected robotically, controlled remotely by technicians and physicians. Micro-
dissected tissue samples are processed for various specific and global molecular as-
sessments. Images and molecular data are stored digitally for analysis and archiving
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1.4 A Scenario of the Future of Tissue Diagnostics:
A Prostate Biopsy for Assessment of Carcinoma

1.4.1 Current Clinical Procedures

Let us first walk through the steps that typically occur today in a needle
biopsy assessment of a man suspected to have prostate cancer. After the
biopsies have been obtained by sampling the organ with a hollow needle,
the physician places the tissue in a buffered formalin solution that forms
chemical cross-linking bonds between the macromolecules. The tissue is
transported to the pathology laboratory, where it is then placed in a ma-
chine that automatically changes the solution surrounding the tissue to in-
creasingly high levels of ethanol, slowly replacing the water present in the
tissue. The ethanol is then replaced by an organic xylene solution at ele-
vated temperatures. Finally, the organic solution is replaced with molten
paraffin that permeates the substance of the tissue now that the aqueous
content has been removed. This “tissue processing” step typically is an
overnight process. The next morning, a technician removes the tissue from
the processing unit, and transfers it to a mold containing molten paraffin.
The paraffin is allowed to harden, encasing the tissue in a rigid matrix,
called a paraffin block. The paraffin block is transferred to a microtome,
where a technician cuts thin sections from the block and mounts them on
slides. The tissue on the slides are subsequently re-hydrated, generally a re-
verse of the tissue processing procedure, except that it only takes minutes
given the thinness of the section. The tissue section is then stained and
cover-slipped. The slides are delivered to the surgical pathologist with the
accompanying paperwork documenting the identity of the tissue specimen.
The pathologist examines the section under a microscope, and decides to
order an ancillary immunohistochemical stain, which takes another day to
complete. The next day, after examining the stain, he dictates his findings,
which are transcribed into a report that looks something like this:
e Gross Description
Received in formalin are five 0.1 mm diameter needle biopsies of tan tis-
sue ranging in length from 0.5 to 2 cm. The tissue is submitted in its
entirety for histologic examination.
e Microscope Examination
Tissue consists of prostate with varying degrees of chronic prostatitis
and glandular atrophy. In one core, comprising approximately 5% of to-
tal cross-sectional area, are a few well-formed glands of epithelium with
neoplastic features, infiltrating around normal structures. An immuno-
histochemical stain for keratin 903 shows a lack of basal cells within
these glandular elements, confirming the histologic impression of an in-
vasive carcinoma. Perineural invasion is not identified.
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o Final Diagnosis
Prostate, needle biopsies: prostatic adenocarcinoma, Gleason score
3+3=6/10.

This hypothetical case shows in essence the extent of tissue diagnosis for
the majority of cancer diagnoses in the present day: the presence or ab-
sence of cancer, the histologic classification of cancer (in this case prostatic
adenocarcinoma), the grade of the cancer (in this case a scheme known as
Gleason scoring), the presence or absence of other known histologic pre-
dictors of tumor behavior (in this case perineural invasion). Occasionally,
as in this case, immunohistochemistry is used to confirm the presence of a
neoplasm, or to help in the subclassification of a neoplasm.

1.4.2 Future Clinical Procedures

Now let us look into the future and walk through the steps that might ac-
company a similar specimen. After the biopsies have been obtained, they
are dropped into a container with an embedding gel that contains sub-
stances to stabilize biomolecules, including RNA and protein phosphoryla-
tion sites. The container is immediately dropped into liquid nitrogen
(which is now present in all clinics throughout the hospital), and the speci-
men is transported to the pathology laboratory in a frozen state. A techni-
cian takes the tissue (embedded in the frozen gel) and places it in an auto-
mated cryostat that cuts thin tissue sections onto many glass slides, and
then robotically bar codes them, and moves them to a -140°C freezer for
intermediate storage. One of the middle sections is automatically stained
and cover-slipped, then moved to an integral microscopy workstation.

The surgical pathologist who will be responsible for the sample analysis,
has decided to work from home this day. His laptop (outfitted with a high
definition screen) gently beeps on his kitchen table. He looks up from his cof-
fee, and establishes a secure network connection to the hospital laboratory.
He begins to analyze the cases in his queue for the morning. A real time his-
tologic image of the prostate biopsy appears on his screen. The pathologist
controls the movement of the slide in the x- and y-axes, as well as the power
of the objective and the focus controls remotely. The frozen section is not of
the same histologic quality as a standard histologic section, but there is an
area architecturally suspicious for carcinoma in one small area of one of
the needle core biopsies. A few clicks of the computer mouse, and the image
analysis software confirms the presence of enlarged nuclei and nucleoli in
this cell population, consistent with carcinoma. Satisfied with this assess-
ment, the pathologist makes a few more mouse clicks, then moves on to
the next case. In the meantime, three of the frozen slides are immediately ro-
botically retrieved, stained, and moved to a microdissection station.
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When the pathologist is finished with the day’s initial histologic assess-
ments, he is ready for microdissection. Still operating the machinery re-
motely from his computer, he calls up the prostate biopsy case and with
the help of automated image analysis software, quickly locates the sus-
pected area on each section and using a selection tool draws circles on the
screen over the location of the malignant glands, identifying the target tis-
sue for the apparatus (Fig. 1.2, color illustration at end of book). A few
more mouse clicks and the assays are selected and the microdissection ap-
paratus begins automated tissue capture and transfer to the analysis ma-
chinery. The pathologist has selected microarray analysis of global RNA
transcript expression, a mass spectroscopy analysis of phosphorylated pro-
tein residues, and mutational analysis of six genes that are standard for
prostate cancer analysis. Any and all extraction, purification, amplification
and analytic techniques are carried out robotically at that point, without
human intervention. All of the analyses are carried out in parallel and are
completed overnight. The next morning the pathologist reviews the accu-
mulated data and releases the final report. The gross and microscopic de-

Microscope controls Microdissection controls
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Fig. 1.2. Future scenario for prostate cancer diagnosis on biopsy specimen. On a
computer screen, a pure population of prostate cancer cells is selected on a real-
time image of a histologic section prior to automated microdissection and molecu-
lar analysis (see color illustration at the end of the book)
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scriptions remain essentially the same as the above example. The final di-
agnosis is a bit more detailed:
e Histologic Diagnosis
- Prostatic adenocarcinoma, Gleason score 3 +3=6/10.
e DNA Analysis
- P53: wild type, no deletions
- PTEN: wild type, no deletions
- PRCAG6: frame shift at codon 45 (inactivating), deletion of second al-
lele
- AR: wild type, 12x gene amplification
- Pros2: Asnl123His (activating mutation)
- TCENG: wild type, no amplification
Gene mutation summary: risk of metastasis moderate
e RNA Transcript Profile
- Subgroup PRCA-R-C3b (gene-specific data on Lab Medicine Genomics
Server, with predicted chemotherapy responses)
- Risk of metastasis: moderate-high
- Predicted sensitivity to ionizing radiation: 54th percentile
- Predicted risk of androgen insensitivity: 73rd percentile
e Phosphoproteome Profile
- Subgroup PRCA-PPh-12 (gene product-specific data on Lab Medicine
Genomics Server, with predicted chemotherapy responses)
- Risk of metastasis: moderate-high
- Predicted sensitivity to ionizing radiation: 63rd percentile
- Predicted risk of androgen insensitivity: 80th percentile
o Clinical Recommendations
- Radical prostatectomy (if patient is surgical candidate), with pelvic
lymph node sampling.
- Adjuvant therapy (protocol # PCPRC324), followed by dual androgen
blockade with agents PAR24a and duplicenterol.

In this prediction of the future of clinical tissue diagnosis, several assump-
tions are made. The first is that “global molecular assessment” technologies
have advanced in sensitivity to be applied to a few tens of cells. The sec-
ond assumption is that the heterogeneity of tissue constituents continues
to be a major confounding variable in molecular analysis, and solution-
based assays, microarray, and mass spectroscopy applications will require
target cell purification by microdissection. The third assumption is that ad-
vances in therapeutics have kept apace with molecular diagnostics, so that
targeted therapies are present that will require the molecular assessment of
tissue. It is likely that in the future, as it is today, the majority of such tis-
sue assessments will be for the diagnosis of neoplasia, with assignment of
cancer subtypes for the purposes of treatment.
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1.5 Summary

Tissues are complex collections of different cell types. Diseases affect the
number, type and function of these constituent cells. The major diagnostic
modality used today to diagnose disease processes in tissues is histologic
examination, a technique that relies primarily in recognizing changes in
the morphology of the tissue and constituent cells. Because of the shifting
paradigm of modern medicine, in which increasingly the molecular basis
of human disease is targeted with specific therapies, tissue diagnostics will
need to keep apace. In addition to assays that measure one analyte at a
time, global genomic and proteomic assessments will also likely be inte-
grated into clinical practice. The complex nature of tissue will likely re-
quire the integration of traditional histologic examination and microdissec-
tion with multimodality molecular analyses that will increasingly integrate
robotic platforms, and digital image analysis. Physicians, presumably surgi-
cal pathologists, will need to master new skills to carry out and interpret
the analyses required to fulfill the promise of molecular-based therapeutics.
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2 Clinical Utilities of Microdissected Samples

Issac Y1 Kim and Davip K. ORNSTEIN

2.1 Introduction

Tissue microdissection is a developing technique that is gaining a strong
foothold in the biomedical community. For example, since the initial report
on laser capture microdissection (LCM) by Emmert-Buck et al. in 1996,
this highly innovative technology that allows the procurement of pure pop-
ulations of cells and recovery of macromolecules for molecular analysis has
been fully embraced by researchers. Molecular changes relevant to human
disease can now be studied in human tissues, obviating the need to rely on
cell lines for investigations that depend on pure populations of cells. Infor-
mation generated from microdissection-based studies is already being used
extensively in experimental analyses in the laboratory, as well as in the de-
sign of novel clinical diagnostic tools and therapeutic strategies. However,
in contrast, the application of this technology into patient care has been
comparatively slow. Nevertheless, there have been multiple reports that
demonstrate the potential usefulness of tissue dissection and it is likely
that the method will become an important tool in the future armamentar-
ium of the surgical pathologist. To date, tissue microdissection has been
used to improve diagnostic accuracy of cytology preps, detect viral DNA,
determine gene copy number, and measure cell cycle parameters. In this
chapter, these potential clinical applications are reviewed with a focus on
the use of LCM.

2.2 Current Clinical Uses

2.2.1 Diagnosis

Laser capture microdissection can isolate a group of cells from complex
tissues, such as prostate, containing a mixture of normal, pre-malignant,
and malignant areas without damaging the morphology of the selected and
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surrounding zone. Based on these early reports, numbers of laboratories
have begun to utilize LCM to enhance sensitivity and specificity of diagno-
sis; this improved diagnostic capability, in turn, influences follow-up regi-
mens and treatments rendered to the patients. For example, Paradis et al.
(2000) used LCM to identify cirrhotic patients with an accumulation of
monoclonal nodules. Because hepato-cellular carcinoma (HCC) has a very
poor prognosis and most HCC arise from malignant transformation of re-
generative cirrhotic nodules, detection of premalignant lesions may im-
prove the management of patients with cirrhosis. To identify those patients
at risk for malignant transformation, the authors utilized LCM-dissected
nodules for clonal analysis because monoclonality is a hallmark of neopla-
sia. Using this approach, the investigators were able to identify 57 of 112
micronodules that were monoclonal and recommended that these patients
be followed carefully.

2.2.2 Prognosis

The cornerstone of tissue diagnosis is histologic changes at the cellular lev-
el; both morphologic and architectural changes are used for diagnostic and
prognostic information. However, in some cases an accurate histologic di-
agnosis may be difficult to make because the observed differences are
subtle and buried within a field of normal cells. In this situation, molecular
analysis of LCM-procured cells holds promise to improve the prognostic
information beyond what can be achieved with standard histopathology.
Traditionally, tumors are graded based on architectural and cytologic fea-
tures. These grading systems usually provide powerful prognostic informa-
tion for low- and high-grade tumors, but frequently provide no useful in-
formation for intermediate-grade tumors (which often represent the major-
ity of patients). For example, in prostate cancer, Cooperberg et al. (2003)
recently surveyed the Cancer of the Prostate Strategic Urologic Research
Endeavor (CaPSURE) database and reported that intermediate-grade tu-
mors comprised 75.4% of prostate cancer diagnoses. Since tissues are a
heterogeneous mixture of different cell types, and pertinent molecular al-
terations are often specific to a single cell type, isolating a pure population
of cells is critical to obtain clinically relevant molecular information. Multi-
ple studies have shown that profiles produced from cleanly dissected sam-
ples are superior to those from bulk tissue specimens, and likely will be
important in future efforts to determine prognosis based on molecular fea-
tures of disease processes. For example, Miura et al. (2002) showed that by
cDNA microarray analysis, cells which were laser capture microdissected
from lung adenocarcinoma cases can distinguish smokers from nonsmok-
ers and more importantly, distinguish between those patients who survived
less than 5 years from those who survived longer than 5 years after sur-

gery.
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2.2.3 Cytology

Cytology can be problematic because often there are a small number of
malignant cells in the presence of a large number of background cells. Re-
cently, it has been demonstrated that LCM can be used to isolate a homo-
geneous cell population from a cytologic specimen that can be subse-
quently used for further molecular analysis. In this report, the investigators
analyzed ten cases of paraffin-embedded tissues and cytologic specimens
from the same patients using LCM to isolate a homogeneous population of
B-cell lymphoma cells; genomic DNA was then isolated from the captured
cells (Orba et al. 2003). Subsequent PCR analysis for immunoglobulin
heavy chain (IgH) gene rearrangement confirmed the diagnosis of B-cell
lymphoma. The authors reported that DNA was easily obtained from Papa-
nicolaou-stained or immunostained specimens that were preserved for 1-
3 years. However, air-dried specimens that have been Giemsa stained were
not amenable to LCM because cells were firmly attached to the glass slides.
In addition, the authors suggested that the cytologic analysis appeared to
have a higher sensitivity than histologic analysis in diagnosing B-cell lym-
phoma. The authors proposed that the reason for the observed enhanced
sensitivity in diagnosing B-cell lymphoma with LCM is due to the collec-
tion of targeted cells homogeneously with minimal contamination and to
the absence of immediate ethanol fixation. In short, LCM can be used to
enhance the diagnostic accuracy of cytology and should facilitate molecular
analysis of limited cytologic specimens.

2.2.4 Detection of Viral DNA

Although viruses are an important cause of many diseases, including some
cancers, it can be difficult to detect viral particles from suspected tissues
because only a few cells may be infected. LCM can facilitate detection of
viral particles. For example, investigators were able to detect Epstein-Barr
virus (EBV) in cells isolated by LCM in a study examining the link be-
tween EBV and hepatocellular carcinoma (HCC) in Japanese patients. The
connection between EBV and HCC was initially made based on the follow-
ing observations. First, monoclonal EBV DNA was detected by Southern
blot analysis in 13 of 35 Japanese patients of HCC tumors; 10 of these
cases contained EBV only in tumor tissue and not in nontumor tissues (Su-
gawara et al. 1999). Second, EBV was detected by PCR in HCC from pa-
tients positive for hepatitis C and B virus (HCV and HBYV, respectively);
though EBV was present more frequently in the HCV group (Sugawara et
al. 2000). However, for tumors to be designated as “EBV-associated”, Juny-
ing et al. (2003) felt that an unequivocal demonstration of the EBV genome
for viral gene products in the tumor cell population is necessary; in this re-
spect, both PCR and Southern blot are unsatisfactory since they cannot ac-
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curately localize the virus to specific cell types. To overcome the shortcom-
ings of the initial reports, other investigators tested for the presence of
EBV in HCC obtained from Germany and the UK, utilizing LCM followed
by PCR. In this study, the authors reported that tumor samples that were
positive for EBV by PCR alone were all negative for EBV when microdis-
sected specimens were used (Junying et al. 2003), demonstrating that EBV
is not a potential etiologic agent for HCC.

As with EBV and HCC, the presence of HIV in different brain cell types has
been controversial. To resolve this issue, Trillo-Pazos et al. (2003) used LCM
to microdissect different types of brain cells, and the tissue lysates were sub-
sequently subjected to PCR. The authors reported that HIV was detected in
cells of frontal cortex and basal ganglia; these cells include neurons, and as-
trocytes, in addition to the previously known macrophages and microglial
cells. Collectively, these reports suggest that LCM may be a clinically useful
tool to help detect and monitor therapies for virally associated diseases.

2.2.5 Assessment of Gene Copy Numbers

Many laboratories have demonstrated that the presence of consistent geno-
mic alterations in cancer specimens provides important clinical informa-
tion concerning diagnosis and prognosis. Typically, immunohistochemistry
is used to determine expression levels of various genes; however, identifica-
tion of structural genomic alterations such as gene amplification, deletion,
or translocation also has been shown to provide useful clinical informa-
tion. For example, in breast carcinoma, the amplification and/or overex-
pression of c-erb-B-2 correlates with poor prognosis (Eissa et al. 1997; An-
drulis et al. 1998; Tsuda et al. 1998). In certain cases, gene amplification is
a better prognostic indicator than overexpression of the proteins (Ross et
al. 1997; Andrulis et al. 1998). This discrepancy between gene copy number
and gene expression status has been described for several additional onco-
genes and tumor suppressor genes, such as c-myc (Sauter et al. 1995), RB1
(Reissman et al. 1993), and p53 (Cunningham et al. 1992; Eccles et al.
1992; Thompson et al. 1992). In these cases, gene copy number analysis
rather than immunohistochemistry appears more valuable.

To date, fluorescence in situ hybridization (FISH) is the best way to iden-
tify major chromosomal structural changes in the nuclei. In order to obtain
accurate results of FISH, fresh or frozen tissues are required. FISH is difficult
in paraffin-embedded tissues because of artifacts from autofluorescence, in-
complete nuclei, high background, excessive probe requirement, and poor
probe penetration (Qian et al. 1996; McKay et al. 1997). To overcome these
limitations of FISH in paraffin-embedded tissues, various protocols to isolate
nuclei have been described (Hedley et al. 1983; Heiden et al. 1991). Notwith-
standing these technical refinements, an efficient FISH requires pre-treat-
ment in nuclei extracted from formalin-fixed, paraffin-embedded tissues
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(Hyytinen et al. 1994). Above all, the use of whole sections to isolate nuclei
necessitates that the specimens be a pure collection of cells prior to deriving
any meaningful clinical conclusions. FISH using tyramide-based amplifica-
tion on paraffin specimens has been reported to ease some of these concerns
and limitations (De Haas et al. 1996; McKay et al. 1997). Though this tech-
nique is useful, simple, and commercial kits are available, the limitations
due to autofluorescence, inefficient hybridization, and nonspecific back-
ground remain. Moreover, an inaccurate assessment of gene copy numbers
can be made because the amplified signals can be large and diffuse.

The above-mentioned limitations of FISH in paraffin-embedded tissues
can be overcome largely by using LCM followed by FISH. In a report by
DiFrancesco et al. (2000), the authors isolated nuclei from breast cancer
tissues that had been stored for more than 1 year following formalin-fixa-
tion and paraffin embedding and compared the results with nuclei ob-
tained from concurrently frozen specimens of breast cancer. This study
demonstrated that the background is usually cleaner than the touch pre-
parations of viable cells because only the nuclei are present on the slides
and cellular RNA is partially lost during the fixation and processing of the
specimens. In addition, it was shown that the ability to detect both human
cyclin D1 and RB1 simultaneously is equal between touch preparations and
LCM specimens and that LCM specimens of breast carcinoma yield nuclei
that are very amenable to multicolor FISH analysis. Direct labeling of DNA
with fluorescence in multicolor FISH allows one to use many individual
probes, limited only by the filter’s ability to distinguish similar signals
along the entire visible and near-infrared spectrum.

Similarly, LCM has been used to determine gene copy number of proto-
oncogene MYCN in neuroblastoma (De Preter et al. 2003). In this study,
the authors used quantitative PCR in microdissected samples obtained with
LCM and showed that MYCN status correlated well with previous FISH and
Southern blot data. Ranging from disseminated disease to spontaneous re-
gression, neuroblastoma (NB) is highly variable in the clinical course. Mul-
tiple studies have demonstrated that relevant prognostic indicators include
the amplification of the proto-oncogene MYCN (Maris and Matthay 1999).
In addition, it has been demonstrated that the status of MYCN amplifica-
tion predicts the response of infants with stage IV neuroblastoma to com-
bination treatment including chemotherapy, surgery, and local radiation
(Schmidt et al. 2000). In fact, the investigators classified patients with
MYCN amplification into high risk subgroup within stage IV and adminis-
tered chemotherapeutic agents in a more dose-intensive induction.

2.2.6 Analysis of Cell Cycle Parameters

Cell cycle analysis of tumor specimens has been shown to provide prognostic
information for a number of malignancies. For example, additional prognos-
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tic information in subsets of breast cancer cases can be obtained with S-phase
fraction determination (Baldetorp et al. 1998; Wong et al. 1999). The accurate
estimation of such cell cycle parameters requires tumor cell purity, which is
usually difficult to achieve. To address this issue, algorithms have been de-
signed (Baldetorp et al. 1998). Staining with cytokeratin and dual-label gat-
ing has also been used to confine the analysis to epithelial cells, and thus, de-
crease sources of potential errors (McCormick et al. 1998); nevertheless, nor-
mal epithelial cells still contaminate the assays.

It has been reported that LCM-dissected specimens from 20-pm sections
stained with propidium iodide and subjected to flow cytometric analysis
was able to accurately measure ploidy and S-phase fraction (DiFrancesco
et al. 2000). The coefficient of variation for the peaks is less than 5%,
showing a high technical quality of the specimens. The authors concluded
that flow cytometric analysis of LCM specimens for cell cycle parameters is
feasible and valuable.

2.2.7 Slide Contamination

Another reported clinical use of LCM includes identification of “floaters” in
paraffin-embedded sections. Paraffin tissue block floaters are artifacts that
are carried over during the processing of tissues. These small fragments of
cross-contaminating tissues can provide a difficult challenge in anatomic
pathology. Although clinical and pathologic features allow a satisfactory re-
solution in many cases, in some cases the precise origin of the suspected tis-
sue floater cannot be accurately established. The clarification is most crucial
in cases in which malignant cells are present in the tissue floater and the rest
of the tissue is benign. Classically, pathologists faced with potential contam-
inating tissue floaters will perform the labor-intensive process of examining
all other specimens processed in the similar time frame. More recently, DNA
finger printing has been used to successfully identify genetic differences in
tissue samples. However, this molecular analysis requires a large amount of
sample. To circumvent this obstacle, LCM was used to microdissect the float-
ers that were subsequently analyzed for DNA fingerprints from the extracted
DNA. Using this approach, 21 histologically and clinically unresolved cases of
tissue floaters were successfully resolved (Hunt et al. 2003).

2.3 Future Clinical Uses: Analysis Of Cellular Proteins

A future potential use of LCM is to procure pure populations of cells for
protein analysis. In this regard, several authors (Banks et al. 1999; Ornstein
et al. 2000a,b) demonstrated the feasibility of using LCM to obtain samples
in which protein analysis can be performed. For example, renal tissue sam-
ples have been microdissected and mass spectrometric sequencing profiles
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for a number of selected proteins were generated. This study as well as
others reported little change in proteins after the application of LCM to the
tissue. In fact, studies have shown that proteins recovered from LCM-pro-
cured cells retained the ability to bind alpha-1-antichymotrypsin (Ornstein
et al. 2000a,b). Other groups have performed 2-D PAGE analysis of LCM-
procured prostatic and esophageal cells and have found that annexin I is
commonly underexpressed in prostate and squamous cell carcinoma of the
esophagus (Emmert-Buck et al. 2000; Ahram et al. 2003). Curran et al.
(2000) reported that 2-D gel electrophoresis followed by mass spectrometry
on colonic cancer samples isolated by LCM demonstrated selective loss of
nonepithelial proteins when compared to whole tissue samples, thus help-
ing to define a colon cancer-specific protein profile.

A highly innovative use of LCM has been suggested by Paweletz et al.
(2001b). In this review, the authors envision using tissues obtained by
LCM to establish tumor-specific protein profile patterns that can be in-
spected quickly and that correlate with a prognosis or diagnosis. To estab-
lish the characteristic protein profiles of varying pathology, surface-en-
hanced laser desorption ionization (SELDI) spectrometry was used; SELDI
is a high-throughput technology for proteomics that is highly sensitive and
specific. This technology is easily adaptable to the clinical laboratory and
could be used to provide diagnostic as well as prognostic information from
minute tissue samples. Another potential application of proteomics to clini-
cal pathology is the construction of protein lysates from LCM-procured
cells. This technology facilitates high throughout analysis of protein expres-
sion and activation status (Paweletz et al. 2001 a).

2.4 Conclusions

By allowing researchers to isolate and perform molecular analysis on pure
populations of cells, tissue microdissection is, in part, revolutionizing
translational research. These studies have already yielded important biolog-
ic information that is relevant to human disease. In the future, it is likely
that microdissection will have a significant and important role in patient
care. It is essential that translational scientists work collectively with
pathologists and clinicians to realize the full potential of this emerging
technology and to improve clinical practice.
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3.1 Introduction

With the completion of the human genome sequence and the development
of high-throughput technologies for gene and protein expression analysis,
there has been a tremendous increase in the rate of data acquisition (Sche-
na et al. 1995; DeRisi et al. 1996; Anderson et al. 1998; Lipshutz et al. 1999;
Emmert-Buck et al. 2000) making a comprehensive study of disease pro-
cesses at the molecular level feasible.

Several experimental systems for molecular profiling are available, in-
cluding animal models, human cells in vitro (Zhang et al. 1997; Celis et al.
1999), and ex vivo specimens. While cells in vitro will always be very use-
ful, their molecular profiles may not always be reflective of the molecular
profiling seen in vivo (Ornstein et al. 2000), since there may be changes in
gene and protein expression induced by the culture conditions. Since ex
vivo samples analyzed directly from patients most closely represent condi-
tions in vivo, it is likely that molecular profiles derived from them will give
pertinent information on the disease processes, including pathogenesis and
also potential clinically important information such as diagnostic, prognos-
tic markers and therapeutic targets. The ability to analyze gene and protein
expression from tissue samples will be critically dependent on how they
are processed. In the future, it will be important that tissue fixation and
embedding methods integrate both excellent histology and optimal molec-
ular preservation. In this way, the information obtained not only from the
histology, but also from molecular analysis will provide insight into molec-
ular pathogenesis of disease processes. This chapter will discuss various as-
pects of handling clinical tissue samples emphasizing not only maintenance
of adequate histology, but also optimization of preservation of DNA, RNA,
and proteins for molecular analyses.

Principles and Practice

Emmert-Buck et al. (Eds.):

Dissecting the Molecular Anatomy of Tissue
© Springer Berlin Heidelberg 2005
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3.2 Clinical Aspects

Pathologic examination of tissue sections involves patient care; therefore, it
is essential that an accurate diagnosis be rendered. Traditionally, biopsy
specimens and tissue from surgical resection are fixed in 10% normal buf-
fered formalin and embedded in paraffin. Tissue sections are then cut onto
glass slides, which are hematoxylin and eosin-stained. Since the histo-
pathologic criteria for diagnosis of a variety of diseases in tissue is based
on formalin fixation, it has become the gold standard for diagnostic histo-
pathology.

Tissue is typically frozen either for an intraoperative consultation, or for
molecular analysis. For intraoperative consultation, tissue sections are cut
onto glass slides, which are then hematoxylin and eosin-stained. For frozen
section diagnosis, the histology is usually adequate to identify the presence
of a particular lesion; however, subtle histologic details may not be appar-
ent. Therefore, the final diagnosis is typically rendered on other portions
of the specimen that have been formalin-fixed. At present, molecular analy-
sis is most commonly performed on “extra tissue” from the lesion, which
is not required for diagnosis and staging. This is typically snap-frozen at
the time of surgery and then used for a variety of molecular analyses.

3.3 Sample Acquisition and Initial Tissue Handling

If molecular profiling is a consideration for a specimen, then it is essential
that careful planning and close coordination between clinicians, patholo-
gists, and researchers take place prior to the procedure. After removal of
tissue from the body, initial handling entails transportation from the oper-
ating room to the pathology department, inking surgical margins, and cut-
ting the tissue into sufficiently small sections. During this period, degrada-
tion of biomolecules can occur, particularly proteins and RNA. Thus, there
are essentially three major considerations of initial tissue handling to mini-
mize degradation of DNA, RNA, and proteins including temperature, time
of handling, and specimen size. To decrease the rate of biomolecular de-
gradation, the tissue should be placed immediately on ice. All the steps of
tissue preparation prior to fixation or snap-freezing, including surgical
margin inking and sectioning, should proceed as quickly as possible. Final-
ly, the smaller the tissue pieces are grossly sectioned, the quicker the tissue
will be fixed or frozen.
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3.4 Tissue Fixation and Snap-Freezing

Historically, with the establishment of the microscope as a diagnostic tool
in the early 1800s, information of diagnostic value could be obtained from
the examination of diseased tissue (Leong et al. 1996). Early on, improve-
ments of the microscope were the main objective of microscopists. By the
end of the nineteenth century, the importance of quality of specimens that
were being observed was realized. Attention was then focused on develop-
ing fixatives that would preserve cell and tissue constituents in the state
that they appear in life while allowing preparative procedures. Amongst
these fixatives, formaldehyde was first applied to tissue samples by Ferdi-
nand Blum (Fox et al. 1985). It was observed to cause less tissue artifact
than alcohols that were used prior to that time. Ten percent formalin has
been the most commonly used fixative in pathology departments today. A
list of various fixatives is shown in Table 3.1. In 1880, wax embedding and
the advent of fixation and tissue processing gave rise to an increased inter-
est in examination of biopsies.

Snap-freezing, or fixation and embedding are the two different ways in
which tissue is typically processed. Figure 3.1 shows the steps of tissue
handling for both freezing, as well as fixation and embedding (Leiva et al.
2003). Traditionally, tissue which is to be used for molecular analysis is
frozen, whereas tissue which is to be examined histologically is fixed and
embedded. Since the diagnosis of many diseases is usually performed
based on histologic examination, fixation and embedding methods for clin-
ical tissue specimens in pathology departments do not generally prioritize
preservation of DNA, RNA, and proteins. The focus has been to achieve op-
timal histology. Therefore, standard surgical pathology procedures are in-
adequate for use with high-throughput molecular technologies (Ben-Ezra
et al. 1991; Klimecki et al. 1994). Traditionally, optimal molecular preserva-
tion in tissue has been achieved through snap-freezing. The disadvantages
of this method are poor histology (Fend et al. 1999; Gillespie et al. 2000)
as well as inconvenient storage and handling. In the future, it is important
that tissue fixation and embedding methods should integrate both excellent
histology and optimal molecular preservation. In this way, the information
obtained not only from the histology, but also from molecular analysis will
provide insight into etiology of disease processes. There are many steps in
fixation and tissue processing in which different physical and chemical
conditions can be varied to optimize both histology and molecular preser-
vation (Fig. 3.1). Ultimately, it is critical that a “universal protocol” be de-
veloped for fixation and embedding which would not only retain excellent
histology and allow convenient storage and handling, but would also ide-
ally preserve biomolecules.
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Table 3.1. Fixatives that would preserve cell and tissue constituents (Pearse 1968;
Bancroft and Stevens 1990; Kiernan 1990; Prophet et al. 1992; Srinivasan et al. 2002)

Group Name of fixative Special features
Liquids Formaldehyde 1. Most commonly used fixative for tissue spec-
imens for pathology
2. Cross-linking agent
3. Excellent retention of tissue morphology
4. Very limited for molecular analysis
Glutaraldehyde 5. Penetrates tissue slowly
6. Fixation occurs by cross-linking of proteins
that is more extensive than formaldehyde
7. Slight extraction of nucleic acids
8. No carbohydrate fixation
9. No lipid fixation
10. Preferable fixative for electron microscopy
11. Fixation is performed in cold temperature
Acrolein 1. A brief exposure is necessary (15 min)
2. Cross-links proteins
3. Very unstable and is not used in routine
fixation procedures
4. Used for electron microscopy
5. Very toxic
Genipin 1. Naturally occurring cross-linking agent
2. Increases tissue resistance to collagenase de-
gradation
3. May form intra-and intermolecular cross-
links within collagen
Carnoy’s (ethanol 1. Studies suggest that it gives optimal preser-
60%, chloroform vation of nucleic acids
30%, glacial acetic
acid 10%)
Methacarn 1. Excellent preservative of RNA
(methanol 60%, 2. Superior to formalin in retaining antigen im-
chloroform 30%, munoreactivity in tissue and does not re-
glacial acetic acid quire antigen retrieval
10%)
Absolute alcohol 1. Precipitating agent
2. Preserves glycogen
3. May cause distortion of nuclear detail
4. Shrinks cytoplasm
Cold acetone 1. Precipitating agent
2. Preserves tissue morphology
3. Maintains immunoreactivity for labile pro-
teins
4. Preserves DNA and RNA for analysis
5. Does not preserve glycogen
6. Shrinks cytoplasm
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Group Name of fixative Special features
HOPE fixative 1. Compatible for complete pathologic analysis
(Hepes-glutamic including retention of features for immuno-
acid buffer-mediated  histochemistry and molecular pathology
organic solvent
protective effect)
Acetic acid 1. Rapid tissue penetration
2. No protein fixation
3. Precipitates nucleic acids
4. No carbohydrate fixation
5. No lipid fixation
6. Used to fix only small blocks. Is not used
alone as causes extensive shrinkage of tissue
Hydroxyadipalde- 1. Used in electron microscopy
hyde and crotonal- 2. Are inferior to glutaraldehyde in preserving
dehyde tissue structure
Trichloracetic acid 1. Rapid penetration of tissue
2. Coagulates proteins
3. Extracts nucleic acids
4. No carbohydrate fixation
5. No lipid fixation
6. Not used as a single fixative. Sometimes used
as a decalcifying solution
Potassium Useful for demonstrating membrane structures
permanganate
Solids Mercuric chloride 1. Coagulates proteins
2. Coagulates nucleic acids
3. No carbohydrate fixation
4. Reacts with lipids
5. Used in combination with other fixatives
6. Shrinks tissue
Chromium 1. Depends on pH. When pH is less than 3.5:
compounds 1.1 Is rarely used

1.2 Slow tissue penetration

1.3 Coagulation of proteins

1.4 Coagulation and hydrolysis of nucleic acids
1.5 Oxidation of carbohydrates

1.6 Oxidation of lipids

2.

When pH is higher than 3.5:

2.1 Is rarely used

2.2 Rapid tissue penetration

2.3 No coagulation of proteins

2.4 Slight extraction of nucleic acids
2.5 No effect on carbohydrates
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Table 3.1 (continued)

Group Name of fixative

Special features

Osmium tetroxide

Picric acid

Temperature Heat

Freezing

N =

N =

AN U W

N

. Slow tissue penetration
. Slight extraction of proteins and some cross-

linking

. Causes breakdown of proteins
. Slight extraction of nucleic acids (reacts with

pyrimidine)

. Oxidation of lipids
. Used for specific applications and in electron

microscopy

. Requires small samples

. Slow tissue penetration
. Precipitates proteins (forms crystalline pic-

rates)

. Partly hydrolyses nucleic acids

. No carbohydrate fixation

. No lipid fixation

. Usually used with other fixatives. Tissue

needs to be thoroughly washed due to contin-
uous picric acid reaction with tissue

. Causes shrinkage of tissue
. Used for electron microscopy and immunocy-

tochemistry

. Used for antigen retrieval for immunohisto-

chemistry

. Used to facilitate penetration of fixatives
. May produce good morphological results

when the tissue is heated in a constant vol-
ume bath to obtain accurate temperature

. Will denature proteins and melt lipids
. Best method for preservation proteins and

nucleic acids

. Poor preservation of tissue morphology
. Difficult procedure for routine fixation since

the freezing needs to be quick and the tissue
small (around 2 mm thick)
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Fig. 3.1. Steps of tissue handling for frozen and fixation and embedding. There are
many more steps for tissue fixation and embedding, which can be impacted for pre-
servation of DNA, RNA, and proteins than with freezing. Before undertaking a
study, an investigator will need to determine the choice of method based on the
type of analysis to be performed and the tissue type

3.5 Tissue Embedding

The purpose of embedding is to allow convenient storage of frozen or fixed
tissue in a solid medium, to prevent the tissue from drying out, and allow
the tissue to be cut uniformly into very thin sections. For frozen samples,
a piece of fresh tissue is placed in a cryomold which is then filled with op-
timal cutting temperature (OCT) embedding media, then frozen on dry ice
or liquid nitrogen to form a block. The block is then stored at —-80 or -
120°C. For fixed tissue, after fixation the specimen is typically processed
through multiple steps of dehydration in increasing concentrations of etha-
nol, and a final step in xylene. This is followed by infiltration of the tissue
with an embedding medium, usually a wax. After infiltration, the tissue is
then placed in a mold and is embedded with the same medium to form a
block. The block can then be stored at room temperature. The characteris-
tics of an embedding medium include the requirement that it be inert, be
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able to repel moisture, be able to readily penetrate tissue, cut a tissue sec-
tion of uniform thickness, and maintain its integrity at room temperature.
Various types of waxes fulfill these conditions including the routinely used
embedding medium, paraffin wax. Tissue sections are then cut onto glass
slides 5-10 pum thick in a cryostat or on a microtome from frozen or wax-
embedded blocks, respectively.

3.6 Evaluation of New Methods

for Handling Clinical Tissue Specimens:

Prostate Cancer as an Example of Tissue Handling
for Molecular Analysis

3.6.1 New Methods of Fixation/Embedding

Diverse methods of tissue fixation and embedding have been evaluated not
only to produce excellent histology, but also to promote the elucidation of
the gene and protein expression profiles. Several methods utilizing alcohol-
based fixation have shown promising results (Goldsworthy et al. 1999; Gil-
lespie et al. 2000; Shibutani et al. 2000). It is our belief that any new fixa-
tion protocol that is to be evaluated for clinical specimens should be com-
pared to 10% formalin fixation for histologic characteristics and with
snap-frozen tissue for recovery of DNA, RNA, and proteins.

The development of an optimized protocol to fix and embed tissue that
will not only preserve biomolecules, but also retain optimal histology as
seen in formalin fixation and paraffin embedding is an active area of inves-
tigation in our laboratory. Early work in our lab compared the recovery of
RNA in murine tissue for a variety of alcohol-based and cross-linking fixa-
tives. It was determined that the alcohol-based fixatives showed better re-
covery of RNA than the cross-linking fixatives (data unpubl.). Subsequent
work involving pathologists from Johns Hopkins University and National
Institutes of Health in a blinded study compared the histology of small
pieces of prostate tissue derived from prostatectomy specimens for the
same fixatives (Gillespie et al. 2000). Besides giving histology comparable
to formalin, 70% ethanol was selected for future studies over other fixatives
since it gave very good recovery of RNA and is relatively inexpensive and
nontoxic. The work with prostate described below represents the approach
we have used to evaluate a tissue processing method. By no means is this
the final method. We feel that it will be an evolving process with many
groups looking at other approaches and other organ systems besides pros-
tate until the best method is achieved. Any approach that one uses should
compare histology with standard formalin fixation and experiments com-
paring DNA, RNA, and protein recovery with snap-frozen tissue.
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3.6.2 Nonformalin Tissue Fixation

Since the work described above, we have processed over 100 prostatectomy
specimens as whole-mounts. In the operating room, immediately after the
prostates are resected, they are placed immediately on ice. The prostates
are then transported to the pathology department where the surgical mar-
gins are inked. Each prostate is then transverse-sectioned into tissue sec-
tions, which are 3-5 mm thick and are oriented from the apex to the base
of the gland (Fig. 3.2, see also color illustration at the end of the book).
The sections are then fixed in 70% ethanol at 4°C and embedded in paraf-
fin to form tissue blocks. The fixation and embedding protocols are de-
scribed in detail in Sections 11.1.1 and 11.1.2, respectively, of the Protocols
section. From each of the blocks, a section is cut which is then hematoxy-
lin and eosin-stained. The entire prostate is then examined by a pathologist
with the subsequent generation of a surgical pathology report.

Fig. 3.2. Steps of initial prostate handling.

a Fresh prostatectomy specimen is recovered
immediately after resection. b Prostate after
being inked with surgical ink or acrylic
paint in order to delineate the surgical mar-
gin and to maintain the orientation. Lines,
spaced every 3-5 mm, show location of
transverse sectioning perpendicular to the
urethra from base to apex. ¢ Sections of the
prostate after being transverse sectioned
with an extra large scalpel blade. These are
then placed into cassettes, which are placed
into fixative (see color illustration at the end
of the book)
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3.6.3 Comparison of Histology and Recovery of DNA, RNA, and Proteins

In a small subset of these cases, in addition to fixation in 70% ethanol and
paraffin-embedding, tissue sections were also snap-frozen, ethanol-fixed
and polyester wax-embedded, and formalin-fixed and paraffin-embedded
in order to do a more thorough comparison of the histopathology and recov-
ery of DNA, RNA, and proteins (Gillespie et al. 2000). The formalin and 70%

Fig. 3.3. Comparison of the histological quality of 5-pm-thick sections of prostate
tissue stained with H & E. a-d Normal prostate. Original magnification, x100.
a Formalin-fixed, paraffin-embedded. b 70% Ethanol-fixed, paraffin-embedded.
¢ 70% Ethanol-fixed, polyester wax-embedded. d Frozen. Note the similar staining
quality and architecture for the formalin-fixed and ethanol-fixed tissues, which are
superior to the frozen. e High-grade prostatic intraepithelial neoplasia from etha-
nol-fixed, paraffin-embedded prostate tissue showing nuclear overlap and fine nu-
clear detail, including nucleolar prominence. H & E stained, original magnification
X200 (see color illustration at the end of the book)
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ethanol-fixed samples show comparable histology and both are superior to
the frozen sample (Fig. 3.3, see also color illustration at the end of the book).
Normal, hyperplastic epithelium, prostatic intraepithelial neoplasia (PIN),
and adenocarcinoma are readily distinguished from each other. By PCR anal-
ysis and recovery of total DNA, we observed that recovery of DNA is compar-
able for the frozen and the ethanol-fixed tissues, which are superior to the
formalin-fixed tissue (Fig. 3.4). Using total RNA analysis on a denaturing
gel, recovery of RNA is best from snap-frozen tissue, followed by ethanol-
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Fig. 3.4. a Analysis of total DNA quality in prostate tissue that was either ethanol-
fixed and paraffin-embedded (Et/Para), ethanol-fixed and polyester wax-embedded
(Et/PEW), or formalin-fixed and paraffin-embedded (Form/Para). Each sample was
loaded onto a 1% agarose gel. DNA was visualized with ethidium bromide staining.
b PCR-based analysis of DNA quality in prostate tissue that was either snap-frozen,
ethanol-fixed and paraffin-embedded (Et/Para), ethanol-fixed and polyester wax-em-
bedded (Et/PEW), or formalin-fixed and paraffin-embedded (Form/Para). The PCR
product from amplification of microsatellite marker D175926 was electrophoresed
on a 6% denaturing acrylamide gel and visualized by autoradiography. All samples
were analyzed in duplicate
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Fig. 3.5. a Denaturing agarose gel of total RNA from prostate tissue sections that
were either frozen, ethanol-fixed, polyester wax-embedded (EtOH/PEW), ethanol-
fixed, paraffin-embedded (EtOH/Pf), or formalin-fixed, paraffin-embedded (Form/
Pf). b RT-PCR for actin. Approximately 15,000 epithelial cells were microdissected
from frozen or ethanol-fixed, paraffin-embedded (EtOH/Pf) prostate sections. Actin
c¢DNA and prostate RNA from cell culture are included as positive controls. The ar-
row indicates the 220-bp band corresponding to actin

fixed tissue, and the least RNA is recovered from formalin-fixed tissue
(Fig. 3.5A). For ethanol-fixed tissue, RNA recovery can be improved by
pre-incubation of the tissue lysates for 20 min at 60 °C prior to RNA extrac-
tion. Furthermore, a comparable signal for snap-frozen and ethanol-fixed tis-
sue can be attained by RT-PCR (Fig. 3.5B). The RT-PCR protocol is described
in detail in Section 11.5.2.1 of the Protocols section. Using 1-D PAGE, recov-
ery of total protein is comparable for the frozen and the ethanol-fixed pre-
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parations which are both superior to formalin fixation (Fig. 3.6 A). Recovery
of protein from the formalin-fixed sample is improved by pre-incubation of
the tissue lysate at 80°C prior to protein extraction. Also, ethanol-fixed
and frozen tissues gave comparable signals by immunoblot (Fig. 3.6B).
The immunoblot protocol is described in detail in Section 11.5.3.2 of the Pro-
tocols section. Ethanol-fixed tissue can be applied to a recently developed
technique, layered expression scanning (LES; Englert et al. 2000), in which
the entire protein content has been passed through ten membrane layers.
After staining with Coomassie blue, all layers also show retention of the ana-
tomic structures seen within the original tissue section (Fig. 3.7). This strat-
egy for evaluating clinical tissue samples has shown that ethanol fixation and
paraffin embedding allows for histology similar to formalin-fixation with
much improved preservation of biomolecules over formalin-fixation.
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Fig. 3.7. Layered expression scanning using an ethanol-fixed, paraffin-embedded
prostate which has been transferred onto nitrocellulose and stained with Coomassie
blue. The labeled regions demonstrate that the protein staining pattern retains char-
acteristic prostate structures

3.7 Conclusions and Future Directions

With the completion of the Human Genome Project, and the development
of high-throughput technologies to obtain gene and protein expression
profiles, it has become feasible to study profiles of the molecular changes
that may be the basis of disease. However, the amount of molecular infor-
mation that can be obtained from clinical tissue samples depends on how
the samples are handled and processed. We have demonstrated that 70%
ethanol fixation of prostate preserves histopathology and also allows for re-
covery of DNA, RNA, and proteins for subsequent molecular profiling stud-
ies. We are continuing to investigate the types of molecular analyses that
can be performed on ethanol-fixed samples, including the use of ethanol-
fixed tissue for use on cDNA microarrays, as well as the stability of bio-
molecules and histology from 70% ethanol-fixed tissue over time.

Future efforts will include comparing many different fixatives to improve
the histology and preservation of biomolecules and examining the influ-
ence of the surgical procedure on molecular profiling. Reversible cross-
linking agents in the fixative may preserve biomolecules in tissue for a long
period of time by constricting the movement of biomolecules and inhibit-
ing RNase and proteinase activity.
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Ultimately, molecular profiling success depends on using a general strat-
egy for evaluating clinical tissue specimens, with new fixation/embedding
methods allowing investigators to perform high throughput molecular
analysis on selected cell populations of a sample. Continued improvement
of tissue processing methodologies will be a critical step toward ultimately
determining the molecular anatomy of normal and diseased human cell

types.
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4 Sample Management and Tracking

G. STEVEN Bova

4.1 Introduction

The key value provided by tissue microdissection is the separation of
whole tissues into singularly defined component parts for molecular analy-
sis. Optimal tissue microdissection occurs when the dissector possesses a
singular morphological definition of target cells to be dissected, and has
enough technical knowledge and ability using the dissecting tool to apply
this understanding to obtain target cell material exclusive of nontarget cell
material. However, obtaining pure target cells is a necessary, but not suffi-
cient step toward converting the pure target cell material to robustly ana-
lyzable biologic data. Equally necessary for analysis are a workflow that in-
corporates quality control and capture of accurate metadata sufficient for
proper reweaving of the biological tapestry.

Quality-controlled tissue microdissection workflow is best supported by
the creation of a tissue microdissection core laboratory or its equivalent.
Metadata management is best when it is cleanly integrated into the work-
flow, and when these data automatically become analyzable along with spe-
cific molecular data generated downstream. This chapter discusses impor-
tant considerations in establishing a high-quality tissue microdissection
core laboratory and in establishing appropriate management of tissue mi-
crodissection metadata.

4.2 The Tissue Microdissection Core Laboratory:
Organization and Basic Data Management

At the very least, a tissue microdissection core laboratory (TMCL) provides
a basis for cost-sharing for access to expensive technology needed by many
laboratories in a given institution or geographic area. At its best, a TMCL
can provide a nexus for the morphologic know-how of an investigator to
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synergize with the dissecting know-how of the TMCL staff, improving the

odds that a given dissection will yield material of the highest quality for

downstream analysis.

Based on a survey of six current TMCLs including our own, most
TMCLs have only bare bones support from their institutions, and this
seems unlikely to change in the near future. Rather than advocate a pie-in-
the-sky solution for laboratories with limited resources, we will take a
highly practical approach to suggesting ways to improve your TMCL func-
tion:

1. Create a website. This can save a lot of time in explaining the technol-
ogy you have available, and help potential users plan for experiments
and costs associated. Examples of current TMCL websites are contained
in Table 4.1 for reference.

2. Make sure that investigators know how to document dissections and to
obtain images from dissections if needed. Having a set procedure for
this will save an enormous amount of time if the investigator comes
back in need of data for a publication and it is not available or not well
organized. At the very least, encourage investigators to document the
minimal list of items contained in Table 4.2.

3. If you have enough users, invite them for occasional seminars where
they can present results they have obtained using microdissection, and/
or develop an e-mail list to keep users informed. This type of interaction
can stimulate new ideas and further scientific knowledge.

4. If you have enough users, time, and money, establish a database for
managing your LCM laboratory and related tissue management. We have
created software for this purpose, currently licensed and under develop-
ment by BioFortis Inc. This is described below.

5. Get feedback from researchers on the results of their dissections. If there
are problems, identify their cause and report this to other users of the
facility. Use this feedback to establish quality control methods.

Table 4.1. A sample of current tissue microdissection core lab websites

Institution Web address (Oct. 2003) Comment

National Cancer http://home.ncifcrf.gov/ccr/lop/Clinical/  Ms. Virginia Espina
Institute lem/default.asp

Medical College http://www.mcg.edu/Core/Labs/lcm/ Dr. Jeff Lee

of Georgia Instrumentation.htm

University of http://lcm.path.uab.edu/ Dr. Isam Eltoum
Alabama at

Birmingham

University of http://lcm.bsd.uchicago.edu/ Dr. Maria Tretiakova

Chicago
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Table 4.2. Minimal (M) and optimal (O) data needed for tracking microdissected
tissue

Data type M/O  Note

Subject unique identifier M Linked or unlinked to the name of
the individual of origin as required
for study, linked or unlinked to hospi-
tal record system as required by study

Tissue block unique identifier (0]

Tissue slide unique identifier 0]

Tissue slide type (0]

Tissue section thickness M

Tissue fixation type M Usually 4% buffered formaldehyde
(AKA 10% neutral buffered formalin),
70% alcohol, frozen

Tissue fixation time (o)

Date/time of loss of perfusion (o) Time between loss of blood perfusion

of tissue and time of complete freezing or fixa-
tion is likely to be a critical variable
for some molecular studies. Time of
exposure to fixative (if any), and pro-
cessing parameters also can have im-
portant effects

Date/time of fixation/freezing
Date/time of processing start
Date/time of processing end
Processing method (if any)
Slide staining method

Gross anatomic origin of tissue
block or cells on slide

220000

=

Unique cell type(s) included in

dissectate and method used to

identify cells as such

Annotated pre- and post- images 0

of dissection

Quality (integrity) of tissue based 0

on standard histologic examination

Ambient humidity at time of (0] May have effects on activity of pro-

dissection teins in tissue during dissection and
on ability to transfer tissue if using
laser capture microdissection

Type of microdissection performed M Manual microdissection, laser capture
microdissection, PALM-based direct
slide catapulting, PALM-based mem-
brane slides, Leica LMD membrane
slide, etc.
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Table 4.2 (continued)

Data type M/O  Note

LCM cap (if any) unique identifier =~ O

LCM pulses used (if applicable) (0]

Laser power used (0]

Dissected material microcentrifuge O Needs to be linked to the specific
tube unique identifier slide used for each dissection

Notes (o) Recorded as needed for each micro-

centrifuge tube

4.3 Integrated Data Management
for Tissue-Oriented Biological Research:
The Labmatrix System

The Johns Hopkins PELICAN (Project to ELIminate lethal CANcer) labora-
tory developed an integrated multidimensional database for the manage-
ment of tissue-oriented biological research that incorporates comprehensive
daily laboratory workflow including tissue microdissection and continuous
curation of data at the functional genomic level. This technology is li-
censed to BioFortis Inc. and has been named Labmatrix (Fig. 4.1, see also
color illustration at the end of book).

In 1996, we established a translational research laboratory to perform
detailed clinical-genomic studies in lethal metastatic prostate cancer. To in-
tegrate clinical data, sample tracking, and molecular data for this long-
term project, Dr. Bova created the PELICAN Informatics laboratory. He em-
ployed a team of information technology professionals to create a proto-
type web-based secure database technology to allow data collection and re-
view by the research team from various locations. From the outset, the
technology was created to support “good data housekeeping” in any life
science laboratory. The database model is research study subject-centric
(human, mouse, or other species), and the point of view maintained is of
the scientist bridging the chasm between phenotype and biomolecular
data.

By 2001, demand from other laboratories to use the incomplete proto-
type system outstripped the ability to support the software properly, and
BioFortis Inc. was formed to continue development of the technology un-
der license from Johns Hopkins University. Labmatrix technology is now
undergoing preliminary commercial testing in translational research labo-
ratories.

The primary and support modules contained in Labmatrix are listed in
Table 4.3. Labmatrix allows researchers to track study subjects’ medical
and phenotype data, biomaterials, a select set of “bench” laboratory and
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Fig. 4.1. Labmatrix example home page (individualized for each laboratory and
user) (see color illustration at the end of the book)

Table 4.3. Labmatrix primary modules and support modules

Primary research modules Laboratory support modules
Study subjects Equipment and supplies
Biomaterials Contacts

Protocols Images

Scientific query builder Configuration tools

System support

genomic data and administrative data such as supplies and equipment. All
of these data are gathered in the context of curated reference data (for ex-
ample, a hierarchical list of human cell types). When completed, the plat-
form will allow researchers to make queries, aggregate “locked” data for
analysis, and allow the creation of figures and reports directly from the
locked primary data. The result is a much more convenient, secure, and
powerful way to manage and promote creativity in a single laboratory, or
multiple laboratories working together.
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4.3.1 Labmatrix Primary Modules
4.3.1.1 Study Subjects

In the study subjects module all types of clinical, family history, family re-
lations, pedigree, and subject phenotype data are recorded and searched
(Fig. 4.2, see also color illustration at end of book). Labmatrix users can
link subjects and specific phenotypic data to disease terms directly from
the UMLS (Unified Medical Language System), licensed from the National
Library of Medicine. Users can collect, view and manipulate all types of
clinical data and reports, including radiology images. Clients can access
and track Institutional Review Board protocols, consent forms, authoriza-
tions, contacts, build custom surveys, and to-do lists for each subject, with
appropriate standard data references (e.g., ancestry terms, relationship to
proband terms, etc.) curated by BioFortis. Survey questions, for example,
are drawn from a library of questions managed by BioFortis. In addition to
complex password, role-based access, and user-customized Internet proto-
col (i.p.) address-based restrictions, confidentiality is supported by system
features that are optional individual identifiers that are recorded in Labma-
trix. These system features are available only in the study subjects part of
the application.
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Fig. 4.2. Study subject module portion of radiology report and image (see color il-
lustration at the end of the book)
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4.3.1.2 Biomaterials

The biomaterials module is where critical information on tissue samples,
tissue microarrays, body fluids, cell lines, DNA, RNA, and protein samples
are managed in relation to the protocols used to create them and their
physical location in refrigerators and freezers. Samples are organized ac-
cording to their anatomic and cell-type source using a reference hierarchy
provided by BioFortis, and maintained using bar-coding technology which
is seamlessly integrated into the system. Currently, little or no tracking of
the provenance of biomaterials is performed in the vast majority of
bioscience laboratories, mainly because there is no convenient way to do
so. This can create serious data integrity issues downstream, when for ex-
ample, cDNA array (RNA expression) studies are based on tissues whose
time between perfusion loss and freezing or fixation are unknown, and
when the number of freeze-thaw cycles that a given sample has undergone
are unknown, a critical issue in many proteomic studies.

4.3.1.3 Protocols

Protocols is a hierarchically organized workflow module designed to man-
age the day-to-day bench activities of the laboratory. It is an easy-to-use,
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powerful, real-time, flexible method for recording the input and output of
specific work in the laboratory, such as the isolation of new DNA samples
from tissues or body fluids, or the generation of sequence, comparative
genomic hybridization, cDNA microarray, or immunostaining data. Proto-
cols are simple to create through a user-friendly interface, and serve as a
record of today’s laboratory activity as well as a reference source for gener-
al methods used in the laboratory. Protocols provides the user with a con-
venient place to easily record methods and results (including images) accu-
rately in real time, eliminating the need for time-consuming and error-
prone rewriting of methods and results when a series of experiments is
complete and ready for analysis and publication. Already in use in pilot
laboratories, this system has improved the efficiency of preparing and sub-
mitting publications. An effort to develop the means to objectify and per-
haps quantify Labmatrix influence on efficiency is one of the current aims
during testing. Protocols also contains an integrated DNA fragment (PCR
primer, etc.) management system, allowing clients to create and maintain
references for DNA fragments to available public human genome data in
real time (Fig. 4.3, see also color illustration at the end of book).

4.3.1.4 Workflow-Based Data Review:
Functional Genomic Status Summarization Method

As currently configured, any user-created Labmatrix protocol wherein new
study subject-based molecular data are obtained is required to go through
a semi-automated review process. Users listed as reviewers (reviewer 1, re-
viewer 2, etc.) are notified on the Labmatrix® logon screen with a link to
the protocol in need of review. The review function proceeds through three
stages: (1) final review of accuracy and completeness of data recorded in
protocol, (2) automated or semi-automated review and reduction of the an-
notated molecular data. For example, in the case of genomic sequence, each
experimentally derived study subject sequence is compared to a user-pro-
vided genomic reference (from public genome databases currently) and the
user is prompted to annotate mutations using a standard mutation annota-
tion method. (3) The third and final phase of review of molecular data-
producing protocols is to place the newly obtained, annotated data in a
novel “virtual” functional genomic context.

4.3.1.5 Scientific Query Builder

In the scientific query builder, researchers construct queries of the full da-
taset collected in their laboratory or included in third party sources, allow-
ing them to aggregate data that they wish to preserve and export from Lab-
matrix for publication of individual result reports, full scientific manu-
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scripts, or patent applications. Clients can save queries to be run at a later
date, and can obtain both text-based and unique graphical displays of
functional genomic data. The scientific query builder also contains a meth-
od for users to create and generate standard reports that can be saved and
used on demand.

4.3.1.6 Equipment and Supplies/Contacts

The equipment and supplies module provides the ability to efficiently pro-
duce and maintain inventories of available equipment and supplies, facili-
tated by user-customizable lists of known equipment, supplies and re-
agents. It also allows laboratories to track costs, locations, expiration dates,
product details and service contracts for individual items. Accurate inven-
tories allow laboratory workers to set-up and complete new experiments
rapidly and allow supply ordering to be conveniently managed by a single
member of the laboratory. Inventories are also very useful at grant-writing
time to allow accurate estimation of the costs of experiments.

4.3.1.7 Images/Configuration Tools

The images module provides a separate search engine for images in the
various Labmatrix modules. This includes radiology images uploaded
through study subjects, laser microdissection and other histology images
recorded in biomaterials, and gel images recorded in protocols. The stored
images can also be used in combination with other modules. For example,
the survey builder in the study subjects module can be used in conjunction
with the images module to create a review process, which allows multiple
scientists to view and score or analyze many images from slides of various
the biomaterials being studied. This enables collaboration, and promotes
smooth workflow and efficiency of the laboratory process. The configura-
tion tools module manages several key functions in Labmatrix. These in-
clude a facility manager, expense manager, data monitor, label printer man-
ager, laboratory administrator, and user default settings.

4.3.1.8 Laboratory Administrator

The laboratory administrator submodule allows the laboratory’s administra-
tor to add new Labmatrix users within the laboratory, to administer conveni-
ently role-based access to specific modules and submodules within the appli-
cation, and to create and change the encryption key for the laboratory.
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4.3.2 Additional Features of Labmatrix Prototype

4.3.2.1 Internal Proprietary and Public Reference Databases
and Collaboration Features

Labmatrix internalized reference databases allow scientists to use the best
available reference material in the process of their research, avoiding time-
consuming external searching, and allowing critically important links to
these references to be maintained as research continues. Because it is web-
based, but provides tools for maintaining high security, scientists can pro-
vide controlled access to specific collaborators at will. One of the existing
Labmatrix functions yet to be fully developed is to allow researchers to
conveniently perform closely integrated collaborative research with other
researchers and laboratories when desired, allowing researchers to bridge
the significant domain knowledge gaps that exist in most current research
environments.

4.3.2.2 Data Security Features and Regulatory Compliance

Researchers often need to keep data confidential during the discovery pro-
cess, to protect patentability and for validation prior to publication. Lab-
matrix requires complex passwords for entry, and automatically inactivates
usernames when more than five incorrect passwords are sequentially in-
serted (preventing successful dictionary attack). Labmatrix operates exclu-
sively in secure sockets layer (SSL), so that all data transmissions are
strongly (128-bit) encrypted, the current standard for web-based data
transmission security. Labmatrix also provides a convenient method for re-
searchers to limit access to their Labmatrix site through IP address restric-
tion, and will do so in the future through the use of non-IP restricted se-
curity certificates. Privacy of data is also a critical consideration in re-
search involving patient information and clinical records. Labmatrix pro-
vides several methods to allow researchers to conveniently adhere to pub-
lished federal HIPAA (Health Insurance Portability and Accountability Act)
rules and other requirements imposed by Institutional Review Boards and
federal statutes covering human and animal subjects’ research.

4.3.2.3 Integration with Other Scientific Tools and Technology

Labmatrix is a comprehensive “smart” container, workflow engine, and
search engine which was intended to store primary data, and the results of
analyses of primary data by external analytic tools. Based on sheer com-
mon sense, Labmatrix and other systems currently in development will
likely provide major advances in science not currently possible using exist-
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ing technology through vastly increased efficiency, increased ability to cap-
ture important molecular “exceptions to the rule” and unleashed scientific
creativity. Whether this common sense is true needs to be proven in care-
fully designed studies of current workflow and database-enabled workflow
in scientific laboratories.

Whether or not “individualized medicine” is necessary remains to be
proven (perhaps generalities will continue to suffice), but only those medi-
cal centers that are able to integrate clinical, morphologic and molecular
data from a specific patient with reference to populations of similar pa-
tients will be able to determine the value of such individualization. Estab-
lishment of Labmatrix or similar systems is thus a critical step in defining
the future of medicine.
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5 Tissue Microarrays

STEPHEN M. HEWITT

5.1 Introduction

Pathology has acquired a high throughput platform with the advent of the
tissue microarray (TMA). Correlating pathology with molecular biology is
essential in biomedicine. Until the TMA was developed, most methodolo-
gies that used tissue were either labor-intensive, both in the performance
of the assay as well as interpretation of the results, or “grind or bind” in
approach. TMAs came about in their current form shortly after the advent
of laser capture microdissection (LCM), and their uses are very closely
tied.

Unfortunately, tissue microarrays were poorly named, and there has
been extensive confusion about what they are as a result. A TMA refers to
a slide of cores of tissue arranged in an organized grid. These cores of tis-
sue are removed from donor blocks of tissue, and deposited in a recipient
block. This recipient block is then sectioned to produce the TMA which is
used in the final experiment (Kononen et al. 1998). The basic idea of a
TMA does not greatly differ to the concept of Hector Battifora, in which
tissue was formed into a sausage (Battifora 1986). However, the strict grid
arrangement of the tissue as well as the significant increase in the number
of tissues that can be placed in a single recipient block catapulted the utili-
ty of multiple tissue sections to a new level.

5.2 Construction of Tissue Microarrays

A complete guide to the construction and design of TMAs is beyond the
scope of this chapter. Some general parameters will be reviewed, and there
are numerous chapters and articles which provided significant detail in the
construction and design of TMAs (Hoos and Cordon-Cardo 2001; Hewitt
2004). The majority of TMAs are constructed from paraffin-embedded tis-
sue, however, very specialized TMAs are occasionally constructed from fro-
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zen tissue (Fejzo and Slamon 2001). One alternative to a frozen tissue array
is the frozen protein array, in which cell lysates are placed in an array for-
mat, rather than whole tissue (Miyaji et al. 2002). The majority of paraffin-
embedded tissue arrays are constructed from formalin-fixed tissue,
although a number of researchers have used 70% ethanol as a fixative (see
Chap. 4, this Vol.; Gillespie et al. 2002).

Most tissue arrays are constructed from human tissue, either archival
specimens of tissues removed and processed for diagnostic evaluation or
tissue collected specifically for research. Other organisms can be arrayed,
although small rodent arrays can be difficult because of the size of the do-
nor organs and tissues. Cell lines and tumor xenografts are being increas-
ingly used in TMAs. The use of TMAs is not limited to cancer. However,
tumors lend themselves readily to arraying by their very nature as a solid
growth. The National Cancer Institute as well as numerous grantees have
created tumor-specific and multi-tumor TMAs. Numerous companies offer
TMAs of different malignancies. The most popular tumor systems are pros-
tate and breast cancer. TMAs have been constructed for use in the teaching
of normal anatomy, in studies of cystic fibrosis, and in aging models of the
mouse and rat. In general, any system in which tissue is to be stained and
compared to other tissues is amenable to the construction of a TMA.

Owing to the size of the cores of tissues placed on the array (0.6, 1.0,
1.5, or 2.0 mm in diameter), the ultimate density of the array, i.e., the total
number of samples on the array, can vary from 30 (with 2.0-mm needles)
to more than 1000 (with 0.6-mm needles), however, the practical density is
around 500 cores per block. Although this may not reflect the exact num-
ber of samples on the array, it is possible for an entire study to be placed
on a single slide. In the case of large epidemiologically based studies, a
family of arrays may be required, which means increased throughput com-
pared to the prospect of reviewing individual slides of each case for each
immunohistochemical stain. Thus, a single TMA can provide sufficient in-
formation to confirm the findings of a small experiment or the results of
experiments initially discovered by LCM or other high throughput meth-
odologies.

5.3 Tissue Microarrays as a Validation Tool

Tissue microarrays are much like baseball trading cards; investigators can
collect them and trade them with their colleagues. This has become one of
their key benefits. If you wish to validate or compare a study for which a
TMA was used, it is relatively easy to obtain slides to perform new experi-
ments. Previously, institutions, as well as individual investigators, were
hesitant to share material, not only because of ethical concerns and re-
views, but also due to fear that the material might be exhausted. Because a
TMA is a biopsy of a donor block, this issue has been ameliorated. Most
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TMA blocks, depending on how they are sectioned, will produce between
50 and 300 high quality slides for analysis, far more than typically neces-
sary for any single project. In addition, many TMA projects produce more
than one recipient block, increasing the number of slides that will be pro-
duced. The enormous amount of data produced from one TMA or set of
TMAs is a significant issue, similar to the datasets from microarrays. As a
result, a data exchange platform has been created for TMAs (http://
www.biomedcentral.com/1472-6947/3/5). This platform is designed to en-
code not only the information that went into the array and how it was con-
structed, but also the results of the experiments performed on the array -
either at the level of the interpretation or as images of the results.

For many investigators, the issue is where can they find a TMA. As pre-
viously mentioned, there are commercial as well as government and insti-
tutional providers of TMAs. No single clearing house for TMAs currently
exist. Of course, this is only an issue for the investigator who does not pos-
sess his own collection of material, or does not have a need to correlate it
with other studies. The cost of arraying a collection of material varies.
Some institutions have core facilities that will provide the service, and
many academic pathology departments have arrayers, so that a collabora-
tion can be easily fostered. For the individual investigator who is not a his-
topathologist, the challenges of the pathology inherent in constructing an
array, as well as the cost of the instrument, do not make it practical to
construct a TMA as a one-time project. However, an investigator, who has
a collection of tissues sufficient to warrant arraying, probably has access to
the expertise necessary to construct an array. It should be noted that there
are commercial entities that will provide arraying services for a fee. Typi-
cally, these companies also offer commercial TMAs.

Because a tissue microarray is basically no different from a whole sec-
tion of tissue, the ethical issues about obtaining the original material are
no different. These have been summarized in Chapter 3. It should be noted
that before the TMA is constructed, these issues must be resolved. The in-
vestigator who wishes to use the TMA needs to obtain only one approval
to use the array and, depending on the source of the array as well as the
clinical annotation, no approval may be required, e.g., TARP arrays and
commercial arrays. Custom arrays or those constructed from specific pro-
tocols may require approval from the appropriate ethics oversight commit-
tee especially for access to clinical data.

Like LCM, the skills to fully use a TMA are based very much on the his-
topathology. Similar to LCM, what goes in determines the quality of what
comes out. One significant difference is that much of the time-consuming
pathology required for construction and interpretation of a TMA is spread
out, and not as dependent on having a histopathologist available at all
times. The quality of a TMA for diagnosis is determined by what goes into
the array - the quality of the tissue used and the quality of the section of
the material on the array. Whereas basic histology is not that difficult to



60 S.M. Hewitt

learn, pathology can be very challenging, especially for complicated tumor
systems, and the value of the pathologist cannot be over-emphasized. The
advantage here is that the pathologist selects the tissue, at his/her leisure,
the array is constructed, experiments are performed, and only at the time
of interpretation, are the skills of the pathologist required again. Fortu-
nately, most experiments with TMAs produce results that do not require
review on a time-critical basis. To some, it sounds conceited that a histo-
pathologist is required to review the results, and to some extent this is
true, but the benefit of at minimum a consultation with a histopathologist
cannot be emphasized enough. If the experiment is a simple immunohisto-
chemical stain with a nuclear staining pattern, limited to the tumor cells
only, then the histopathologist needs only to provide some guidance and to
review the TMA to ensure that the staining was adequate. However, based
on the experience of the author, the interpretation of some immunohisto-
chemical stains is very difficult, and the review of a TMA has often com-
pletely altered the results of an experiment. This is especially true for ex-
periments in which the distribution and intensity of expression must be in-
terpreted. One especially challenging subject is the interpretation of in situ
hybridization, which requires a level of expertise that most practicing
pathologists lack.

5.4 Immunohistochemistry and Tissue Microarrays

The uses of a TMA are as varied as the tissue placed on a slide. The gener-
al rule is, if you can do it on a whole section, you can do it on a TMA.
The primary use of TMA is immunohistochemistry, which accounts for ap-
proximately 80% of TMA experiments. The remaining 20% is split between
in situ hybridization for mRNA transcripts, fluorescent in situ hybridiza-
tion (FISH) for DNA and other uses from the mundane - traditional histo-
chemical stains, to the exotic - infrared spectroscopy. Some time will be
spent on the three main uses of TMAs and how they relate to LCM.

It is a strange and sad fact that TMAs at times have actually been the
source material for some LCM experiments. This reflects the challenges
that investigators face in obtaining sufficient samples with which to per-
form experiments. In the case of the original TARP arrays, produced at the
National Cancer Institute, 75 different prostate tumors were arrayed on the
TMA, along with 375 other tumors. These 75 prostate tumors represented
far more cases than most investigators could obtain from any one source.
They also come pre-reviewed by the pathologist, and annotated, so that the
investigator must only dissect tumor cells from stroma, a relatively easy
task compared to learning the complex histopathology of the prostate. This
should be in no way be considered an endorsement of the approach, rather
a sad commentary on the current state of affairs in obtaining tissue for
biomedical research.
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It is not surprising that immunohistochemistry is the primary use of
TMAs, considering it is the most frequent application to embedded tissue
after the H&E stain. It is also the easiest application, with numerous kits
available from a variety of manufactures, and increasing automation of the
process. Unfortunately, immunohistochemistry is frequently not well car-
ried out, and an interpretation of the results is even more problematic. The
failure of the methodology is frequently the absolute lack of controls and
the very nature of the data it produces. There are reasonable negative con-
trols that can be performed, but positive controls are limited to staining of
tissue that has been previously characterized. Moreover, there is the diffi-
culty of interpretation. Immunohistochemistry not only demonstrates
whether a cell expresses a protein, but also where this expression is local-
ized, within certain limits. This complexity is the inherent problem. Inter-
pretation is not simply the presence or absence, or even the relative abun-
dance of a band on a gel, but rather the deposition of a chromagen in a
portion of a cell or extracellular structure that requires interpretation. This
interpretation, at best, can be nominally described and quantified without
applying sophisticated image analysis systems (discussed later).

Despite these negative aspects, immunohistochemistry is possibly the
most powerful technique that can be applied to tissue by virtue of its ca-
pacity to localize the presence of a protein. Immunohistochemistry comes
in many flavors and varying techniques, which are beyond the scope of
this chapter. However, salient choices and their effects on the data will be
discussed, especially as they relate to TMAs.

In a broad sense, immunohistochemistry is usually divided into two
groups based on the method of detecting a signal - chromagenic and fluo-
rescent. Chromagenic detection methods are the overwhelming choice: (1)
they only require a standard microscope and (2) through the use of coun-
terstains, interpretation of expression patterns is relatively easy. It is also
possible to determine with ease which cells stain, the location of the pro-
tein in the cell, and rudimentary qualitative descriptions of abundance can
be applied. The disadvantages of chromagenic detection methods include:
(1) they are insensitive, (2) nonlinear in signal, and (3) have an extremely
narrow window of signal strength (from no signal to maximum signal).
Even with automation, these limitations cannot be overcome, however,
there is no indication that chromagenic detection methods will be super-
seded in the near future.

A significant limitation of fluorescent detection methodologies in tissue
is the auto-fluorescence encountered in formalin-fixed, paraffin-embedded
tissues (Baschong et al. 2001). This auto-fluorescence has two sources: (1)
the cross-linking of proteins by formalin, primarily at the disulfide bonds
and (2) the presence of residual paraffin in the tissue section at the time of
staining. Obviously, when working with frozen tissue, these problems are
obviated. This is one of the primary justifications for the construction of a
frozen tissue array. The formalin-induced auto-fluorescence is worst in tis-
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sues that contain numerous intermediate filaments. This problem can be
partially overcome by using better quality band-pass filters in the micro-
scope. Alternatively, the use of 70% ethanol will reduce this problem, as
ethanol is not a cross-linking fixative. The removal of residual paraffin re-
quires prolonged and repeated use of high quality (fresh) deparaffinization
agents.

Fluorescent detection methods can be divided into two categories: those in
which the antibody is directly labeled with a fluorescent tag (primary labels)
and those in which a secondary antibody carrying the fluorescent tag are uti-
lized. The important difference is the linearity of the signal - in the case of
primary labeling, the signal should be linear over an extended range, how-
ever, sensitivity is compromised. Fluorescent secondary antibodies are more
sensitive, but at best, linear in signal over a narrow range of fluorescence.
Due to the reagents available today, the use of fluorescent secondary antibod-
ies has overtaken the use of primary antibodies that have been tagged. This is
due, in part, to the ready availability of commercial monoclonal antibodies
and a wide choice of different fluorescent secondary antibodies. Using TMAs,
the use of fluorescent detection systems is chiefly limited to studies that re-
quire well-defined (however limited) quantitation or evaluate more specific
subcellular localization and/or colocalization of other proteins. The use of
two or more labels in fluorescent microscopy is easily accomplished with
the correct instrumentation, but remains a challenge in the chromagenic
field. Some investigators have used the same scanners used for microarray
analysis, however, the resolution of these scanners severely limits histological
detail (Haedicke et al. 2003). It should be noted that fluorescent signals are
typically better defined in cellular localization because of a lack of chromagen
diffusion during its generation - fluorescence is limited to where the tag is
located, not where a color reaction precipitates.

Fluorescent labeling is used for confocal microscopy (Baschong et al.
2001). Confocal microscopy, traditionally a methodology of cell biology, al-
lows the precise localization of signals by using either limited apertures
(spinning disk methods) or laser scanning to reduce the detection of scat-
tered light. It is most frequently used to study the precise subcellular local-
ization of a protein, the trafficking (translocation) of a protein, or the co-
localization of proteins. This method typically produces images at precise
focal planes with less depth of field than those accomplished in bright-field
microscopy (0.5-pm step units compared to the whole thickness of a sec-
tion in bright field), and then reconstructs these images in a “Z-stack”.
Confocal microscopy is almost always performed with objectives of 40X or
higher magnification, and generates numerous image files. In the past, con-
focal imaging was typically applied to cells in culture or cells in model or-
ganisms, and less in cancer tissue. The advent of the TMA has opened new
horizons for confocal microscopy - offering the opportunity to study the
subcellular localization of specific proteins in pathologic tissue at a high
throughput level. Confocal microscopy has always been data-intensive, but
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TMA has raised this to a new level and is now advancing microscopy and
data acquisition in a fashion unimaginable 5 years ago. For example, a sim-
ple three-fluorescent tagged slide (such as FITC, rhodamine, and DAPI)
and a 0.5-pm step size will result in 30 images per single location per core.
For the NCI60 cell line array, this will result in 1740 images for the 58 cell
lines on the array!

The most significant reason why immunohistochemistry remains the
most important application for TMAs is that it allows the investigator to
examine the expression of the target protein in tissue. Many arrays are
used for “target verification”, i.e., the capacity to generalize a finding in a
large number of samples (usually on a different sample set) at one time
and to verify that the observation that is being tested is truly a significant
process and not a function of sampling error. For TMAs this is most fre-
quently the process of testing a “hit” from a microarray experiment, but
may not be limited to microarrays, and may also be a result from a Wes-
tern blot or other proteomic analysis. When the TMA is used to target veri-
fy a microarray result, a further consequence is that the finding is “moved
up” the biological process, from the transcriptome to the proteome. It is by
no means certain that a change at the transcription level will be reflected
in a stoichiometric fashion at the level of the proteome. This is not to sug-
gest that target verification of microarray results by immunohistochemistry
is problematic. In fact, in some instances, there are significant advantages
to the method. For instance, when the protein target undergoes some phos-
phorylation, the ability to target verify a microarray result at the level of
functional activity adds significant biological value to the finding.

5.5 In Situ Hybridization and Tissue Microarrays

Tissue microarrays have led to a resurgence in the use of in situ hybridiza-
tion for mRNAs in tissue (Geiszt et al. 2003). The original in situ meth-
odologies utilized radioactively tagged nucleic acid probes to detect the
presence of a complementary nucleic acid (DNA or RNA). The method of-
fers great specificity as well as sensitivity, but at a significant cost. Alterna-
tive detection methods, including fluorescence, chromagenic and chemilu-
minescence-based detection methods, have been used, but lack the sensitiv-
ity of radioactive probes, which, when performed correctly, can detect and
discriminate the expression of single copy genes. When applied to whole
sections, in situ hybridization is too time-consuming, expensive, and tech-
nically challenging to allow broad generalizations of the results. In the
commercial setting, a single in situ experiment on a single slide may cost
more than US$ 1000, with limited scales of economy for multiple slides as-
sayed at one time. With the advent of TMA, it was suddenly possible to
probe hundreds of samples at one time. In addition, it is now possible to
provide some level of signal quantitation when appropriate control probes
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are used for comparison. Today, with high resolution (5-25 pum) phosphor-
imagers, the results of a radioactive in situ hybridization can be quanti-
tated directly, without the laborious task of scoring dark-field illumination
or counting silver grains of a photo emulsion. Efforts are underway to de-
velop better detection methods, including fluorescent and chromagenic
means. The TMA has significantly rejuvenated the use of in situ hybridiza-
tion, which had been overtaken by PCR methods over the last 15 years.
Like immunohistochemistry, in situ hybridization is typically used for tar-
get verification of genes identified by microarray. This method is primarily
used when the investigator wants to target verify the results of an experi-
ment on a larger number of samples or because appropriate antibody
probes to the gene product are not available. It is not uncommon to identi-
fy a gene by microarray analysis for which no antibody is available, let
alone an antibody that works in paraffin-embedded tissue. If an investiga-
tor wishes to study the expression of a specific splice isoform of an mRNA,
in situ hybridization may be the only reasonable approach. It should not
be overlooked that in situ hybridization provides direct tissue localization
of a signal, whereas in the “grind and amplify” approach of PCR, it re-
mains uncertain which cells actually express the mRNA target.

Fluorescent in situ hybridization has taken on the conventional role of
detecting DNA using fluorescent probes for the determination of chromo-
somal detectable aberrations. A very powerful technique in cancer research,
FISH can be applied to the analysis of metaphase spreads for high resolu-
tion studies or to interphase nuclei, when sufficient nuclei can be imaged
appropriately (Bubendorf et al. 1999). One of the key limitations of FISH is
the cost - generating fluorescent probes is expensive. Being able to investi-
gate numerous samples at one time, the TMA has become a popular plat-
form for interphase FISH analysis. Since the detection method is fluores-
cence, the challenges that plague immunofluorescence can occur in FISH.
Fluorescent in situ hybridization is frequently employed in breast cancer
research. The performance of FISH on TMAs or any tissue in determining
that the cells being imaged are, in fact, the cell type of interest depends on
extensive training and experience. Because of the challenge of obtaining
samples for FISH, most investigators are willing to use formalin-fixed sam-
ples, and have worked out protocols to minimize auto-fluorescence. Be-
cause the target of interest is DNA, and not protein, auto-fluorescence from
cross-linked proteins can be more easily controlled, as the samples are typ-
ically digested with proteases.

5.6 Image Capture and Data Analysis
The development of TMA has become a driving force in automated image

capture and analysis. Although automated image capture and analysis has
been slowly advancing over the last decade, they have not found wide ap-
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plication. Pathologists are routinely overwhelmed with interpreting hun-
dreds of slides, and the limitations of manual interpretation, as previously
described, negatively impact the quality of research that can be performed.
Fortunately, these limitations coincide with recent advances in digital
photomicroscopy, computer power, and the recognition of bioinformatics
as a science of its own. Currently, progress is being made in both bright-
field and fluorescent imaging as high-speed, high-throughput processes.
Now that large datasets are available, new analytic tools are essential.
Without imaging and image analysis, chromagenic immunohistochemistry
produces only nominal data, for which only limited statistical analysis is
possible. Worse yet, the data is difficult to reproduce because of the subjec-
tive interpretation by pathologist. The pathologist excels at pattern recogni-
tion, but is poor at quantification. Now with automated image capture it is
possible to develop algorithms that can discriminate and quantify the stain
patterns of different markers in different tissues. Although a computer can
quantify the intensity of a stain, or the number of positively staining nuclei
on a slide, more effectively, the software remains limited. Most software lacks
the chief skills of the pathologist, pattern recognition and interpretation. An
excellent example is the understanding and quantification of the expression
pattern and levels of certain proteins in renal cancer. The clear cell carcinoma
of the kidney has tumor cells that are rich in lipid and glycoprotein, typically
with a large vacuole, pushing the cytoplasm to the periphery of the cell. In
contrast, papillary carcinoma of the kidney has tumor cells with more typical
volumes of cytoplasm without vacuoles. It is practically impossible to quan-
titate an immunohistochemical stain for a protein between these two tumor
cell types using automated image analysis.

Even with appropriate quantitative imaging tools, analyzing the data re-
mains a subject of debate. Cluster analysis used for microarrays is inap-
propriate, as the choice of antibodies applied to a TMA is determined by
the researcher. As a result, the study is completely supervised, not unsuper-
vised, as required for unsupervised cluster analysis. Principal component
analysis can provide useful visualization of data. The use of traditional sta-
tistical analysis including correlations between different markers, or more
importantly, outcomes, remains the method of choice. Traditional statistics
do not model complicated biological relationships, such as pathways, ade-
quately. They are unable to incorporate signal amplitude into the models.
Only with the large datasets that are now possible with TMAs will we be
able to develop the new analytic tools.

Hopefully, this chapter elucidates some of the uses and challenges of
using TMAs in research. The TMA is a research tool which increases the
throughput of samples that can be analyzed. When properly designed and
used, the limitations of the TMA are significantly outweighed by the bene-
fits of being able to condense hundreds of analyses onto one slide.
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6.1 Historical Perspective

The analysis of tissue samples is challenging due in large part to the com-
plexities of normal and pathological histological structures. This is a major
factor to consider when applying molecular techniques to patient or animal
model specimens. For example, human prostate cancer tissue sections fre-
quently contain, in addition to prostate cancer cells (which may be identi-
fied in one or multiple foci), pre-invasive cells [prostatic intraepithelial
neoplasia (PIN) foci], epithelial hyperplastic foci, normal glands, stroma,
inflammatory infiltrate, and nerves. In fact, it is not uncommon that pros-
tate cancer foci constitute only a small fraction of the total number of cells
contained in one tissue section. Therefore, it is essential to apply methods
that allow for the procurement of pure or near pure cell populations from
complex tissue sections for molecular analysis. Tissue microdissection pro-
vides this opportunity.

The impact of tissue microdissection on the analysis of tissue specimens
is particularly important in assays where the purity of cells is critical, such
as the analysis of genomic deletions that occur specifically in tumor cells,
since contaminating normal epithelium or nontumor cells may mask the
deletion. Similarly, mRNA- or proteomic-based analyses may be compro-
mised if the sample under study does not contain a relatively pure popula-
tion of the cell type of interest. The development of polymerase chain reac-
tion (PCR) technology in the 1980s led to an explosion in the number of
studies identifying new deletion loci in tumors (Radford et al. 1993; Em-
mert-Buck et al. 1995; Koreth et al. 1995; Speiser et al. 1996; Thiberville et
al. 1995; Zhuang et al. 1995b; Fuji et al. 1996; Chuaqui et al. 1997 a). Gene
expression studies, such as those based on cDNA library analysis, also
benefited significantly from microdissection, since a direct comparison
from each cell compartment in the progression of diseases, such as normal,
premalignant and malignant cells could be performed. For example, the
construction of a cDNA library from a microdissected PIN lesion showed a
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significant increase in the identification of novel ESTs compared to conven-
tional libraries constructed from whole tissue blocks (Krizman et al. 1996).
The purity of the PIN cell population allowed for the cloning of transcripts
that are usually masked by more abundant cell populations, such as stro-
mal, inflammatory or normal cells. More recently, gene expression analyses
have been significantly extended using various microarray platforms (see
Chap. 9, this Vol for additional examples). Similarly, proteomic-based ef-
forts have been aided by tissue microdissection, as described by Geho and
colleagues in Chapter 10.

The field of microdissection has evolved through several stages. Initially,
the trimming of tissue blocks to avoid unwanted areas, or the scraping of
tissue in a desired area was utilized. However, the success of the gross dis-
section efforts was limited by the histology of the tissue under study, such
as the pattern of tumor invasion. Good results were obtained from homo-
geneous tumors, such as lymphomas, or carcinomas invading as solid
sheets of cells, such as those frequently seen in squamous cell carcinomas,
melanomas, mesotheliomas or sarcomas. Poorer results were obtained in
the case of more complex invasion patterns, such as lobular breast carcino-
mas, inflammatory tumors, or adenocarcinomas in general, where the tu-
mor is composed of individual glands formed by a one- to two-cell layer
and lumen, admixed with reactive stromal and other host cells.

An alternative approach for selective tissue analysis is to eliminate unde-
sired areas, and subsequently, to scrape the entire remaining tissue, includ-
ing the unaffected areas of interest. The destruction of undesired areas can
be performed by either directly exposing the tissue to a laser (obliteration;
Hadano et al. 1991), or by irradiating the tissue with ultraviolet light, a
technique coined SURF (selective ultraviolet radiation fractionation; Shiba-
ta et al. 1992). In the most commonly utilized approach, protective ink is
applied with a microdotter to the desired areas. The UV light irradiates the
entire histological field and generates a permanent cross-link within the
unprotected (noninked) areas. When the whole tissue is subsequently re-
covered, only the protected areas provide nondamaged, analyzable DNA.

Finer, positive selection microdissections were performed using a small
gauge needle to scrape the desired areas under microscopic visualization
(Radford et al. 1993; Emmert-Buck et al. 1994; Koreth et al. 1995; Speiser
et al. 1996; Zhuang et al. 1995b; Chuaqui et al. 1997b; Quezado et al.
1999). These manual approaches provided acceptable purity in a significant
proportion of the cases, frequently showing absence of contamination, even
after PCR amplification of nucleic acids, as described by Uribe and Wistu-
ba (Chap. 8, this Vol.). However, the method was slow, tedious and totally
dependent on the operator’s dexterity. Moreover, precision was not optimal,
which frequently limited the studies to those cases where the infiltrative
pattern corresponded to easier dissections (Rubin et al. 2002). In addition,
the desired areas were destroyed as they were procured, thus a quality as-
surance image of the recovered cells could not be recorded.
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Another microdissection advancement was the development of hydraulic
manipulators, which enabled a more precise type of needle- or probe-based
dissection (Going et al. 1996; Lee et al. 1998; Shegal et al. 1998; Wistuba et
al. 2001; Obiakor et al. 2002). In most cases, a fine tipped Pasteur pipette
was prepared under heat and used for scraping instead of an actual needle.
The tip was placed on a movable stage that could be manipulated in the
three axes (x, y and z). The method was precise and allowed, for example,
a single layer lining from normal gallbladder to be procured (Wistuba et
al. 2001), and single lymphocytes from rabbit spleen germinal centers to
be obtained (Obiakor et al. 2002). However, the method was laborious and
slow, features that are particularly problematic when a large number of
cells are needed for the downstream analysis.

6.2 Laser-Based Dissection Technologies

At present, most tissue microdissection studies are performed using one of
the commercially available laser-based methods. Provided below is a brief
overview of each of these technologies. Additional information is available
from the company websites that are provided, as well as in the cited refer-
ences.

6.2.1 Laser Capture Microdissection

Laser capture microdissection (LCM) (Emmert-Buck et al., 1996; Bonner et
al. 1997) was invented at the National Institutes of Health (NIH) and devel-
oped by Arcturus Engineering, Inc. (www.arctur.com) through a coopera-
tive research and development agreement. The system utilizes a near-infra-
red gallium arsenide laser diode integrated into an inverted compound mi-
croscope with alignment into the optics subsystem. The principle of LCM
is shown schematically in Fig. 6.1 A. The cap, which has a thin layer of
thermoplastic polymer film containing an infrared-absorbing dye, is placed
on the surface of a routinely prepared tissue section on a glass slide. The
investigator examines the tissue section microscopically and activates the
laser when the desired cells underlie the target. The activation causes the
film to focally melt, binding very specifically to the subjacent cells. Pro-
curement of the cells of interest from the tissue occurs by lifting the cap.
To accommodate the dissection of areas as small as single cells to groups
of cells, the laser has three settings for the beam diameter including 7, 15,
and 30 um. The LCM system software allows for the adjustment of the la-
ser by varying the power (in the range of milliwatts) and the timing (mi-
croseconds to milliseconds) of the pulses. The software also utilizes image
capture to document a tissue roadmap image, image of the tissue before
and after microdissection, and cap image of captured cells. These are criti-
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Fig. 6.1. Methods of laser microdissection. A In operator-dependent methods, the
desired tissue areas are first identified by morphology and then targeted with the
laser. In the Arcturus laser capture microdissection system the cells are transferred
on a film, in the PALM method they are catapulted and in the Leica system they are
cut and deposited by gravity. B In the operator-independent expression microdissec-
tion approach, the whole tissue field is irradiated after immunohistochemical stain-
ing. Only the stained cells are transferred to a film

cal in maintaining an accurate record of each dissection and correlating
histopathology with subsequent molecular results.

The advantages of the LCM system are its simplicity, reliability, and
speed. Unlike manual microdissection, the technique is easily mastered.
Since the system uses an infrared laser instead of an ultraviolet laser, there
is minimal damage to biomolecules. Even though the membrane is acti-
vated at 90°C, the tissue experiences only a brief thermal change as the
heat generated from the membrane is rapidly dissipated. The cells are
transferred to the polymer film in one step and then proceed directly to
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analysis. LCM can be used for dissecting cells from almost all tissue types,
including those that have been snap-frozen, or fixed and embedded, as well
as cytological samples. The protocol for the preparation of slides for LCM
is described in the Protocols section (Chap. 11.2.1). The dissected cells can
be used for analysis of DNA, RNA, or protein as described in Chapter 11.4.

While early generations of LCM (PixCell) have been useful for a wide vari-
ety of applications, the latest generation, AutoPix, has several new features to
provide a higher throughput platform for molecular profiling. It combines
robotics and optical scanning software for automated microdissection of se-
lected cells. The AutoPix has an enclosed configuration; therefore, there are
no ocular lenses. Instead, it utilizes a phase alternate line (PAL) format color
camera to permit visualization of the slide as a “roadmap image” for deter-
mining the target area for microdissection. The enhancements of the auto-
mated system include three-slide capacity, quantitation of the area of micro-
dissected tissue, diameter measurement of the wetted polymer spot, and cell
recognition software. The AutoPix imaging software creates index-matched,
stitched images of the tissue that are utilized for cell selection, allowing more
precise targeting of selected cells. Enhancement of the tissue image, coupled
with optical scanning software, provides more accurate identification of cel-
lular morphology during cell selection as compared to manual systems. Soft-
ware tools allow the visualization of the projected laser pulse in relation to
the tissue, making it possible to discern the exact amount of tissue that will
be microdissected with each laser pulse. In order to precisely dissect a single
cell, cell layers, or tissue areas, annotation software allows corresponding sin-
gle point, line, or polygon options for dissection, respectively. Algorithm-
based, cell image recognition software on the AutoPix platform enhances
the automated features of this instrumentation. The algorithm is based on
texture, morphology, size, color and contrast of the tissue, permitting auto-
mated cell selection in addition to automated microdissection. Similar to ear-
lier generations of LCM, documentation of microdissected tissues is achieved
through image capture.

6.2.2 PALM Laser Microdissection and Pressure Catapulting Technology

Originally dating back to 1998, the PALM MicroLaser System provides a
different approach to laser microdissection (http://www.palm-microlaser.
com). Based on the laser microdissection and pressure catapulting (LMPC)
technology, the system provides a noncontact method for precise dissec-
tions of tissue samples. As an initial step, the tissue section is mounted on
a 1.35 pm-thin polyethylene membrane slide (Schutze and Lahr 1998). The
investigator then examines the tissue microscopically and digitally defines
the tissue areas for dissection. The pulsed UV laser automatically performs
a perimeter cut of the desired area. The laser is then used to produce a
high phototonic pressure force enabling the ejection of the selected sample
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from the plane of the tissue. Through the generated force, the dissected
area is catapulted into the cap of a microcentrifuge tube for downstream
molecular analysis.

The LMPC system can be used with most routinely prepared cell and
tissue samples, including living cell cultures (Stich et al. 2003). As reported
by Schutze et al., the LMPC technology can dissect an area as small as 1-
15 pum in diameter (Schutze et al. 1998), and can be used to dissect tissue
for most standard molecular analysis techniques. Recent molecular studies
have used the PALM system to isolate and analyze DNA and mRNA from
melanoma cell lines, colon adenocarcinoma, rat lung and mouse liver tis-
sue (Bersen et al. 1998; Fink et al. 1998; Schutze and Lahr 1998; Schutze et
al. 1998; Burgemeister et al. 2003).

6.2.3 Leica AS LMD

Utilizing a nitrogen UV laser, the Leica AS LMD offers another alternative
approach to laser microdissection (http://www.light-microscopy.com). Simi-
lar to the PALM system, the Leica AS LMD requires the investigator to mi-
croscopically examine the tissue prior to dissection. By integrating the mi-
croscope-viewable area with a digital camera image, the user manually de-
fines the area of interest on the digital image and then allows the fully
automated laser to dissect the appropriate area. The LMD system requires
the tissue section to be directly mounted on a specialized frame foil slide.
This specialized slide consists of a metal frame and a 1.4-pm polytartha-
lene (PET) membrane mounting area. The automated pulsed UV laser cuts
the thin plastic film platform that supports the tissue section. The dis-
sected tissue area falls by force of gravity into a tube for downstream mo-
lecular analysis, thus no mechanical or physical forces are needed for the
dissection, resulting in contamination-free samples.

Possible sample sources include, but are not limited to standard histo-
logical sections and cultured cells. Through the use of this technique, it is
possible to dissect an area as minute as 4-5 pm in diameter, thus allowing
for highly precise cutting. Any number of downstream molecular tech-
niques can then be applied to dissected tissue areas, including DNA, RNA
and protein gel electrophoresis and array studies (Burbach et al. 2003). An
apparatus using the same general principle is also produced by Bio-Rad Lab-
oratories under the name of the Clonis system (http://www.bio-rad.com).

6.3 Novel Techniques
The complex milieu that makes up the molecular anatomy of tissue is one

that is quite challenging to understand. With the advancement of laser-
based microdissection techniques (Emmert-Buck et al. 1996; Bonner et al.
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1997) and the recently developed high-throughput gene expression array
(Fearon et al. 1987; Shibata et al. 1992; Radford et al. 1993; Emmert-Buck
et al. 1994; Schena et al. 1995; Zhuang et al. 1995a; Chee et al. 1996; DiRisi
et al. 1996; Going and Lamb 1996; Lockhart et al. 1996; Moskaluk and Kern
1997, Schena et al. 1998; Celis et al. 2000) and proteomic techniques (Em-
mert-Buck et al. 1996, 2000; Becker et al. 1997; Bohm et al. 1997; Anderson
and Anderson 1998; Schutze and Lahr 1998), technology now makes it pos-
sible to separate normal and diseased cells and to analyze simultaneously
thousands of mRNA transcripts and proteins from the specific cell popula-
tions. Typically, these efforts provide a novel insight into the molecular
makeup of disease states (Zhang et al. 1997; Golub et al. 1999; Klose 1999;
Alizadeh et al. 2000; Perou et al. 2000; Strausberg et al. 2000; Hedenfalk et
al. 2001; Kurachi et al. 2001). Although these studies provide valuable in-
formation, they represent only the first experimental step. In the second
stage, it is necessary to independently confirm and quantitatively measure
the expression level of each of the genes of interest. At present, this repre-
sents a significant challenge in terms of time and effort due to the often
limited amount of biological sample available, particularly in the case of
clinical specimens. In order to optimize the use of preserved tissue speci-
mens and obtain information from archived material, we are currently de-
veloping two new techniques, expression microdissection (xMD) and
layered expression scanning (LES). These novel techniques enable the re-
searcher to maximize the information gained from small, precious samples
in hopes of obtaining a more accurate picture of the molecular profile of
specific cell types. Both xMD and LES help to increase the output of gene
expression measurements from a biological sample and can be directly ap-
plied to the analysis of human tissues, which is particularly valuable when
performing follow-up studies of candidate genes. Though not directly re-
lated, xMD and LES in combination could be used to maximize the infor-
mation gained from a tissue sample.

6.4 Expression Microdissection

For tissue microdissection to keep pace with the needs of today’s investiga-
tors, it is important that faster and simpler approaches are contemplated
and developed. Expression microdissection is a technique newly developed
at the National Cancer Institute, Laboratory of Pathology that fulfills these
requirements through the exploitation of the antibody-antigen relationship
found in nature. The technique uses a targeting probe, such as an antibody
or nucleic acid oligomer, to define the area of dissection, removing the
“human element” from the process. xMD physically procures target cells
using standard immunohistochemical (IHC) staining procedures, thermo-
plastic film and a light source (Fig. 6.2). Cells of interest are targeted using
a specific antibody that focally deposits an absorptive stain. The entire his-
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Expression Microdissection:
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Fig. 6.2. Schematic illustrating expression microdissection (xMD)

tological field is then irradiated causing film activation selectively above
cells that have been targeted. The transfer film is removed and the pro-
cured cells are ready for molecular analysis. xXMD offers several advantages
over current methods, including: (1) increased dissection efficiency (on the
order of 4000 cells/s), (2) increased dissection precision (subcellular, such
as nuclei), (3) removal of variance among individual operators, permitting
standardization of the dissection process, (4) elimination of the need for a
histopathologist, allowing the method to be carried out by scientists and
technicians in a laboratory, (5) rapid procurement of specific cells based on
their phenotypic profile, irrespective of their geographic location (clustered
or scattered), and (6) elimination of difficulty in cell targeting due to the
poor image quality of noncover-slipped, nonindex-matched histology sec-
tions utilized in current dissection systems (no visualization is required for
xMD).

The physical principles underlying xMD have been thoroughly assessed,
including laser dosimetry (wavelength, pulse time and number, power),
transfer film characteristics, cellular stains, and heat sink effects of tissue
section support surfaces. An optimized protocol has been developed to
maximize film activation and adherence to the underlying substrate. xMD

>

Fig. 6.3. Procurement of specific cell types using xMD. a Procurement of an entire
field of prostate epithelium using anti-cytokeratin as a targeting antibody. b-d Dis-
section of prostate epithelium stained for prostate-specific antigen (PSA), before (b)
and after xMD (c). Cells recovered onto transfer film (d). e Basal epithelial cells (ar-
rows) remaining after procurement of PSA positive secretory cells. f Retrieval of ba-
sal epithelial cells
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has been applied to varying fixative processed histological sections, includ-
ing snap-frozen tissue, formalin-fixed, paraffin-embedded specimens, and
ethanol-fixed, paraffin-embedded samples, to evaluate the consistency of
dissection. In each case where cellular staining was observed, xMD was
successful in retrieving the labeled cells. Importantly, no film activation oc-
curred in nontargeted regions of the tissue. Several examples of cell pro-
curement by xMD are illustrated in Fig. 6.3. Figure 6.3 A demonstrates re-
covery of prostate glands from a human tissue section onto transfer film
using cytokeratin as a targeting antibody. The epithelium from a 10-mm*
area (approximately 100,000 cells) was precisely dissected in less than 200 s
(ratex~500 cells/s) using a prototype scanning laser system. Figure 6.3B, C
shows a section of prostate epithelium stained with an antibody against
prostate-specific antigen (PSA), before (B) and after (C) xMD. The pro-
cured cells are displayed on the transfer film in Fig. 6.3D.

Since activation of the film is specifically localized to the region of dye
deposition, xMD is extremely precise. Close inspection of the dissected
glands in Fig. 6.3 indicates that only the inner PSA positive secretory cells
were removed. The surrounding, PSA-negative basal stem cell layer (coun-
terstained with hematoxylin and eosin) was not procured (Fig. 6.3E). The
stem cells can then be subsequently dissected using either standard LCM,
or with a second round of xMD using an antibody specific for basal cells,
such as antibodies against high molecular weight cytokeratin (34betaE12
and p63; Fig. 6.3F; Zhou et al. 2003). Determining the role(s) that secretory
and basal stem cells play in normal prostate physiology and disease is of
great interest; however, until now it has been extremely difficult, if not im-
possible, to individually recover enough of these cells for analyses. The
wide range of antibodies available for tissue staining offers many possibili-
ties for xMD. For example, studies of normal prostate and prostate cancer
could be extended by using commercially available antibodies that target
tumor cells, normal epithelial cells, neovessels, proliferating cells, apoptotic
cells, infected cells, inflammatory cells, stromal cells, specific pathway-acti-
vated cells, p53 mutation-positive cells, or cells in a specific phase of the
cell cycle.

Our experience to date indicates that xMD is capable of dissecting target
structures smaller than a single cell. This is illustrated in Fig. 6.4 A-E. Fig-
ure 6.4 A shows a histological section of normal mouse colon stained for
proliferating nuclear cell antigen (PCNA), which stains nuclei in the lower
segment of colonic crypts. Superficial epithelium and upper segments of
the glands are PCNA negative. Figure 6.4B demonstrates successful pro-
curement of PCNA immunostained nuclei. Similarly, dissection of cytome-
galovirus (CMV) positive nuclei from infected human lung is seen in
Fig. 6.4 C-E. A standard hematoxylin and eosin stained section is shown in
panel C with characteristic nuclear viral inclusions (arrowheads). CMV im-
munopositive nuclei are evident in Fig. 6.4D, and the recovered nuclei after
xMD are shown on the transfer film in Fig. 6.4E. In both the PCNA and
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Fig. 6.4. Procurement of subcellular components using xMD. a Mouse colon section
showing proliferating nuclear cell antigen (PCNA) positive nuclei of cells in lower
segment of crypts. b Procurement of PCNA positive nuclei. c-e Dissection of cyto-
megalovirus (CMV) infected nuclei from infected human lung sections

CMV targeting experiments, three advantages of xMD are demonstrated:
(1) precise subcellular dissection of nuclei, (2) expression-targeted dissec-
tion of a specific subset of nuclei, and (3) operator-independent dissection.

The biomolecule integrity after xMD treatment has been thoroughly
evaluated using several common laboratory methods to analyze DNA,
mRNA and protein quality individually. Similar to standard LCM, the cells
are exposed to a brief thermal transient (5-10 ms) during film activation,
thus it was important to determine whether the biomolecules were dam-
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aged during the process. Analyses of DNA, protein and mRNA are shown
in Fig. 6.5A-G. Figure 6.5A demonstrates polymerase chain amplification
(PCR) of DNA at three sequence tagged sites (STS). In this example, xMD
used cytokeratin-based targeting of human prostate epithelium. Allelotyp-
ing of the sample using microsatellite marker D8S1786 was also performed
(Fig. 6.5B). Amplification of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) from DNA recovered from PCNA-positive nuclei is illustrated in

) xMD -250 kDa

-200bp -60 kDa i ka

) xMD

-220bp

186bp

Fig. 6.5a-g
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Fig. 6.5C. After xMD, protein lysates were evaluated by one-dimensional
polyacrylamide gel electrophoresis (Fig. 6.5D, smooth muscle actin-tar-
geted cells) and by immunoblot for a-tubulin (Fig. 6.5E, cytokeratin-tar-
geted cells). Neither quantity nor quality was adversely affected by xMD.
Gene-specific RT-PCR of mRNA was performed for f-actin from mRNA re-
covered from human prostate epithelium using cytokeratin-targeted as
shown in Fig. 6.5F, and for hypoxanthine guanine phosphoribosyl transfer-
ase (HPRT) from smooth muscle stromal cell mRNA using actin as a tar-
geting tool (Fig. 6.5G).

One can envision multiple embodiments of xMD. The simplest approach
is to immunostain a tissue section(s), cover the slide with transfer film,
and irradiate an entire field with a wide-field laser, scanning laser, or flash-
lamp. Employed in conjunction with an automated immunostainer, this
strategy will allow rapid recovery of a large number of target cells. For ex-
ample, a histological section of cancer typically contains several hundred
thousand tumor cells. xXMD will permit recovery of the entire cancer cell
population in as many as 40 sequential tissue section recuts (10’ or more
total cells) in less than a day. Thus, investigators can study a dissected tu-
mor cell population using analytical methods that have previously been im-
practical, such as those applied to cells in culture where the amount of ma-
terial is not limiting. Alternatively, investigators can efficiently dissect can-
cers from a study set of cases to assess the frequency of particular molecu-
lar profiles across large control and analysis groups. One can also envision
xMD being employed as a component of commercial laser dissection in-
struments, combining rapid and precise dissection with the useful features
(image archiving, phenotype-based dissection) of these systems.

6.4.1 Future Directions of Expression Microdissection
There are several areas that we are actively evaluating to extend the cap-

abilities of xMD. Firstly, the currently available transfer films used to date
are prototype versions developed in our research laboratory. Although

<
Fig. 6.5. DNA, protein and mRNA analysis after xMD. a Amplification (in duplicate) of
three sequence tagged site markers using DNA derived from prostate epithelium. b Al-
lelotyping of prostate epithelial-derived DNA after xMD at microsatellite marker
D851786. Two separate patients were analyzed both of whom were heterozygous at this
locus. ¢ Amplification of DNA from PCNA positive nuclei using a primer set for gly-
ceraldehyde 3-phosphate dehydrogenase (GAPDH). d Analysis of total protein from
smooth muscle actin (SMA) targeted cells by one-dimensional polyacrylamide gel
electrophoresis, followed by silver staining. e Immunoblot for a-tubulin protein from
cytokeratin targeted prostate epithelium. f RT-PCR of f-actin mRNA from cytokeratin-
targeted prostate epithelium. g RT-PCR of hypoxanthine guanine phosphoribosyl
transferase (HPRT) from smooth muscle actin positive prostate stromal cells
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these relatively low-quality films are capable of efficient and precise dissec-
tion, we anticipate that commercially produced, thin films optimized for
xMD will significantly improve the method, possibly allowing for more
precise subcellular dissection (even at better than normal optical diffrac-
tion resolution limits). Secondly, changing the amount of dye deposited on
a tissue section can be accomplished by simply adjusting the primary anti-
body concentration, and/or the time of the enzymatic reaction that gener-
ates stain. Since there is a threshold level that results in film activation, it
should be possible to use xMD to selectively procure cells that contain dif-
ferent amounts of target protein, in other words, high versus low expres-
sion levels. A lower intensity irradiation would bond the most highly
stained targets that would be isolated on the first transfer film. Then an-
other film placed on the same section would be irradiated at higher light
levels in order to isolate a population of cells expressing the immunostain
target protein at a lower level. Thirdly, the method should be readily
adapted to chromogenic in-situ hybridization (CISH), allowing procure-
ment of specific cells based on mRNA expression. Fourthly, it may be pos-
sible to utilize general, nonprobe-dependent tissue stains for xMD,
although the utility may be limited due to the indiscriminate cell staining
which typically occurs. Finally, in addition to dissection of cells from tissue
sections, xMD should be readily applicable to cytology specimens and cul-
tured cell samples, offering the same benefits of rapid cell procurement
and dissection precision as described above for tissue sections.

We have also considered the possibility of adapting xMD to fluores-
cence-based targeting of cells. In this way, the technique could be multi-
plexed, and perhaps used in conjunction with fluorescence resonance en-
ergy transfer (FRET). Because of low backgrounds compared to trans-
mitted light absorptive stains, fluorescence stains appear to have very high
contrast for detection. However, this is a false perception when it comes to
evaluating the effectiveness for absorbing sufficient light to activate a ther-
moplastic polymer. Thus, to date we have not had success developing a flu-
orescence-based application of xMD.

Another related approach to xMD is direct-label xMD. In this case, the
cells of the tissue section are targeted by a probe carrying an enzyme cap-
able of labeling the entire cellular proteome (or transcriptome) of the cells
of interest. Direct-label xMD is a virtual dissection in the sense that bio-
molecules from the cells of interest are specifically labeled, but remain ad-
mixed with those from nontarget cells. The labeled molecules are then “dis-
sected” via an appropriate detection system. The direct-label approach al-
lows the investigator to physically label the biomolecules within a cell type
of interest with an identifying tag. The antibody or nucleic acid probe,
used as the directing agent, provides a specific delivery mechanism for the
labeling enzyme, such as lactoperoxidase or reverse transcriptase
(Fig. 6.6 A). By using this specific delivery system, only the cells of interest
obtain the labeling enzyme, therefore, when the labeling reaction is cata-
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Fig. 6.6. a Schematic illustrating direct-label expression microdissection (xMD).
b Simplistic illustration of a direct-label xMD polymer. The labeling enzyme is indi-
cated by solid circles
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lyzed, only the biomolecules within that desired cell type become labeled.
The entire tissue section can then be collected and the biomolecules can
be extracted. Once extracted, the labeled and unlabeled biomolecules are
admixed. A detection method is then used which only detects the labeled
biomolecules.

For example, a direct-label xXMD polymer could be constructed which
contains lactoperoxidase (an enzyme that labels tyrosine and histidine resi-
dues of proteins with 1'*°) and a detection molecule such as a secondary
antibody (Fig. 6.6B). Using archived human prostate tissue, for example,
the tissue section can be incubated with the direct-label xMD polymer,
after a preliminary incubation with a primary antibody for prostate-specif-
ic antigen (PSA). The labeling enzyme, lactoperoxidase, is then activated
by the addition of hydrogen peroxide and the labeling reaction is allowed
to proceed. The labeling reaction is halted, the tissue is removed from the
glass slide and placed in a protein extraction buffer. Polyacrylamide gel
electrophoresis (PAGE) analysis of the sample can then be completed. Only
the labeled proteome from the PSA-positive epithelial cells will be detected
by autoradiography. These improvements to xMD will make the approach
more robust and thus applicable to a wider audience.

In summary, expression microdissection provides a new, operator-inde-
pendent method for tissue microdissection and analysis. The technique
significantly increases both dissection speed and precision, and likely will
facilitate studies of normal physiology, development, and disease processes.

6.5 Layered Expression Scanning

Layered expression scanning (LES) is another new technique that provides
a bridge between tissue analysis and molecular profiling. The technique al-
lows for multiple measurements of DNA, mRNA or proteins from a single
biological sample (e.g., various cellular phenotypes in a tissue section,
bands on a gel, individual wells of a microtiter plate, etc.; Englert et al.

>

Fig. 6.7. a, b Schematic illustrating the two systems of layered expression scanning
(LES). In the open system (a), the sample is passed through the layered membrane,
and each one captures a proportion of the molecules, thus generating replicates of
the samples. Each membrane can be tested with a different probe or antibody. In
the closed system (b), the membranes are coated with specific capture molecules
(PCR products/clones for nucleic acids, antibodies/peptide for proteins. In the ex-
ample, two messages are separated on a gel and passed through five membranes:
membrane one was blocked, membrane two coated with one message, membrane
three with another message, membrane four with both messages, and membrane
five used as a nonspecific trap. Each membrane captures a specific molecule from
the sample
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2000; Tangrea et al. 2003). LES was co-developed by the National Institutes
of Health and 20/20 GeneSystems, Inc. in 2000. The method is based on
the transfer of biomolecules from a single sample through a series of
layered membranes. As the biomolecules move through the membranes,
the original two-dimensional architecture of the sample is maintained and
a portion of the biomolecules is captured on each membrane. This permits
the concurrent measurement of each specific sample element retained on
the individual membranes. The LES method has a number of properties
that increase utility; it is conceptually simple, requires no moving parts,
can be used as an open or closed format, and maintains target biomole-
cules at a high concentration during the analysis process to produce sensi-
tive measurements. The technique can also be applied to a variety of life
science platforms, including; electrophoresis gels (one- and two-dimen-
sional protein gels, RNA or DNA gels), tissue sections, tissue arrays, cyto-
logical samples, or multi-well plates.

In the open format LES, each membrane captures a proportion of the
molecules, nonspecifically (Fig. 6.7 A). This approach allows for the genera-
tion of multiple replicates of the sample. Each membrane can then be used
to analyze a different probe or antibody, increasing the output of data gen-
erated from the original sample.

In the closed system, each membrane is coated with specific capture
molecules (Fig. 6.7B). In the case of nucleic acids, gene-specific PCR prod-
ucts or clones can be used to coat the membranes. Since only one specific
transcript or protein is captured on each membrane, the closed system of-
fers the potential advantage that many more membranes can be used in
each experiment, without obtaining a significant decrease in signals in
deeper layers. The closed system also offers the advantage that the hybridi-
zation step is performed while the molecules are moving, which signifi-
cantly shortens the protocol time.

6.5.1 Open Layered Expression Scanning System

Northern and immunoblots are utilized in laboratories worldwide, and of-
fer several important features for analyzing mRNA and protein expression
including accuracy, low cost, evaluation of probe specificity, and informa-
tion on transcript and protein forms based on molecular size. However,
standard blotting techniques are hampered by three factors: they require a
significant amount of input material, are laborious, and are capable of
measuring only one protein or transcript at a time. Therefore, the first goal
for the development of the LES technique was to specifically facilitate mul-
tiplex analysis of RNA and protein electrophoresis gels using a layered,
open system (Fig. 6.7 A; Tangrea et al. 2003). As a result, we developed a
unique, highly efficient hybridization membrane that permits multiple
blots to be produced from a single sample, eliminating a number of poten-
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tial experimental artifacts associated with standard blotting techniques in-
cluding: variance in sample preparation and solubility in loading buffer,
problems associated with sample storage and/or freezing-thawing, and the
typical variability seen among electrophoretic gel runs. Each blot can be
probed subsequently for individual transcripts or proteins using standard
detection procedures. The technique also maintains the advantages pre-
sented by standard blotting techniques, including information beyond sim-
ple expression levels such as transcript size(s) and protein processing sta-
tus. The LES system makes feasible quantitative determination of the ex-
pression level of a large set of genes and proteins, such as those typically
identified in array and proteomic studies.

6.5.1.1 Multiple Northern Blots

In order to assess the technical capabilities of the new LES membrane sys-
tem, we evaluated the following performance parameters: hybridization
characteristics, signal sensitivity, and reproducibility relative to standard
blots. A series of experiments were performed using similar conditions
comparing LES to standard Northern blotting experiments. Total RNA (15-
30 pg) from several cell lines was electrophoresed in a 1%, denaturing
agarose gel, washed and a standard Northern blot capillary transfer was
performed overnight, using either a regular nitrocellulose membrane or
the ten-layer LES membrane system. Measurement of total RNA content for
each LES membrane showed that the maximal variability ranged between
20-30% (Fig. 6.8 A). This degree of alteration has minimal effect on subse-
quent probe hybridization results, and is within the normal range of ex-
periment-to-experiment variability typically observed with standard North-
ern blots.

For experiments analyzing specific gene levels, the membranes were hy-
bridized with a glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
probe. A specific 1.3-kb band corresponding to each of the transcripts ana-
lyzed was seen in each membrane. Quantitation of the signal showed simi-
lar results to overall RNA levels. Only a relatively small variation between
the membranes is observed, ranging from 30-40%. Taken together, the to-
tal RNA and probe-specific quantitation data show that the layered array
system generates multiple blots that can be successfully probed for a spe-
cific gene. Hybridizations with specific probes for HPV-18, E6/E7, PCNA,
and cdc2 on three membranes using 20 pug of HeLa total RNA in a single
experiment are shown in Fig. 6.8 B.

In addition to its low binding capacity characteristic, the LES membrane
was also designed to provide increased hybridization efficiency. In other
words, even though it binds significantly less RNA or protein, the signal
intensity after probing approaches that of a traditional blot. This feature
significantly expands the utility of the system, as investigators can perform
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Fig. 6.8. LES Open system for RNA analysis. RNA (10 pg) was transferred through
ten-layered expression scanning membranes (a, above). A typical rRNA pattern was
seen in all membranes after total RNA staining. Multiple membranes were then
probed for f-actin, all of them showing a specific signal (a, below). HPV-18, PCNA,
and cdc2 expression levels using 20 pg of HeLa cell line total RNA on three layers
were analyzed in a single experiment (b)

multiple Northern or immunoblots from a single sample preparation. To
compare hybridization results between the layered array system and a stan-
dard blot, 15 pg of total osteosarcoma MG-63 cell line RNA was analyzed
by both methods in parallel. After the transfer of RNA out of the gels, all
membranes were probed, washed, and imaged under identical conditions.
Qualitatively, the results were similar between the two blots in terms of
specificity and hybridization background.

In general, we have observed that the layered array membranes produce
band intensities ranging from 50-95% of traditional blots for both mRNA
and proteins. For the membranes that show a 40-50% decrease in intensity,
it is necessary to expose the blots to a phosphoimager, or to autoradiogra-
phy film for an extended period of time to produce banding patterns that
are comparable to those seen on traditional blots.

The intermembrane and intramembrane variability of the LES system
has also been assessed (Tangrea et al. 2003). To evaluate intermembrane
variability, we analyzed the expression ratio of the same gene (e.g., a
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housekeeping gene or also total RNA measurement) within the same lane
between membranes. This is equivalent to repeating several Northern ex-
periments using the same probe. The LES intermembrane variability is
comparable to that observed when performing Northern repeats. The intra-
membrane variability has also been evaluated through the assessment of
expression ratios (e.g., a housekeeping gene or also total RNA measure-
ment), between different lanes within the LES membranes. It is important
to evaluate this ratio on several membranes, since a change on one mem-
brane could merely reflect loading variability. After thorough evaluation, it
is clear that intermembrane variability within the LES system is minimal.
In other words, whenever there is a fold difference in signal between LES
membranes in a lane (e.g., a twofold GAPDH increase on lane 1 in mem-
brane no. 2 compared to membrane no. 9), the same fold difference holds
up for all of the other lanes within the membrane (i.e., no. 2 vs. no. 9). We
recommend probing one membrane for a housekeeping gene to normalize
gel loading, and then performing expression measurements of additional
transcripts or proteins on the remaining layers. This is an optimal use of
the system and allows data to be generated quickly and efficiently.

6.5.1.2 Multiplex-Immunoblots

Generation of multiple protein blots using the LES system was assessed by
evaluating total protein staining on ten-layered membranes (Tangrea et al.
2003). Cell line protein extract was separated by polyacrylamide gel elec-
trophoresis (PAGE) and transferred to ten-layered membranes using stan-
dard immunoblotting methods. The evaluation of total and activated levels
of Raf and Erk proteins was used as a demonstration of the LES technique
(Fig. 6.9). After primary incubation with the antibody of interest, all of the
membranes were incubated with an anti-GAPDH antibody to confirm
equal loading and transfer from the gel.

As a rule, the membranes performed similarly for the protein applica-
tions as was observed for RNA analysis (Sect. 3.1.1). The difference in in-
tensity using total protein staining among the multiple membranes ranged
from 12-22% from the average value. We analyzed the EGFR pathway in a
single experiment, including total Raf protein, phosphorylated Raf, total
Erk protein, and phosphorylated Erk, respectively (Fig. 6.9). The data show
that the ratio of total to activated protein varies among the various cell
lines, indicating that protein expression and activation status are indepen-
dently regulated. Thus, it is important to measure both forms of Raf and
Erk proteins to understand the overall kinetics and activation state of the
pathway. Multiplex measurements such as these are likely to become in-
creasingly important in the future as investigators move toward a systems-
based understanding of biological processes.
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Fig. 6.9. A multilayered immunoblot showing the analysis of several members of the
EGFR pathway in a single experiment of eight different cell lines HaCat (lane 1),
Jurkat (lane 2), HeLa (lane 3), NIH3T3 (lane 4), SW480 (lane 5), MCF7 (lane 6),
293T (lane 7), S49 (lane 8)

6.5.2 Closed Layered Expression Scanning System

In the closed LES system, the biomolecules from the original sample are
also passed through a stack of layered membranes as with the open system,
but in this case the biomolecules hybridize to the membranes specifically
coated with capture molecules. A schematic showing this approach is
shown in Fig. 6.7B. Specific molecules (plasmid clones or PCR products
for nucleic acid capture, antibodies or peptides for protein capture) are
used to coat the membranes. With the use of a gel as the sample platform,
isotope- or fluorescently labeled products are separated on a gel and passed
through the stack of LES membranes. As the biomolecules move through
the stack of membranes, only the corresponding products from the gel are
captured on the appropriately coated membrane. In Fig. 6.10, an example
of nucleic acid analysis using the closed LES system is shown. Two PCR
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Fig. 6.10. Closed LES system. Labeled RT-PCR products for myc and jun were sepa-
rated by PAGE (left) and passed through membranes that were coated with unla-
beled products for myc, jun, and both, respectively. Specific capture of the products
is shown on the corresponding membranes: jun on layer 1, myc on layer 2, and
both on layer 3 (right)

products, one for the myc gene and one for the jun gene were generated to
coat the LES membranes: one membrane was coated with myc, one with
jun, and one with both (Fig. 6.10). To prevent nonspecific capture, the
coating molecules were suspended in a solution containing salmon sperm
and Denhardt’s solution. Two radiolabeled products were separated on an
acrylamide gel and then passed though the coated LES membranes. The
corresponding products were specifically captured by each of the mem-
branes (Fig. 6.10). It is important to retard the transfer of the biomolecules
to allow them a longer contact time with the coated membranes, in partic-
ular with the case of nucleic acid hybridization. We have been able to
achieve this by performing overnight capillary transfer. In addition, signifi-
cantly reducing the amount of transfer paper allows the transfer buffer to
start the movement out of the gel, but stay in contact with the membranes
for longer periods of time.

Dot blots or slot blots represent ideal platforms to apply the closed LES
system. The transfer can be controlled and therefore, optimal hybridiza-
tions can be achieved. Finally, antigen-antibody interactions occur on a
much shorter time scale than nucleic acid hybridizations, which represents
a distinct advantage for applying the closed LES system to protein analysis.
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6.5.3 Other Platforms for the Layered Expression Scanning Technique

One of the most exciting LES approaches is the direct use of preserved tis-
sue sections for protein analysis. The proteins from the tissue can be eluted
and moved through the stack of membranes, retaining the original two-di-
mensional conformation that was present in the original sample
(Fig. 6.11A). Even though the conditions for this approach have not yet
been optimized, current experiments allow for the identification of histo-
logical structures with total protein staining. For example, a whole mount,
ethanol-fixed, paraffin-embedded prostate section was used to elute the
proteins and pass them through the membranes. The total protein staining
on one membrane shows that normal glands, hyperplastic areas, and stro-
mal areas can be recognized (Fig. 6.11B). After transfer, each individual
LES layer can be used to assess a different protein expression level. To be-
gin such an experiment, a hematoxylin and eosin (H & E) stained tissue
section is first optically scanned and each microscopic area of interest is
recorded, including normal glands, prostatic intra-neoplasia (PIN), differ-
ent grades of cancer, etc. The H & E section can then be used as the refer-
ence layer, and each of the individual LES membranes treated with differ-
ent antibodies. Using specifically designed software packages, each mea-
surement on the individual layers can be determined based on the original-
ly defined microscopic area that was annotated from the H & E image. A
quantitative conversion of the staining intensity to a corresponding value
can then be achieved.

The LES approach provides a variety of advantages compared to stan-
dard immunohistochemistry (IHC) analysis. For example, accurate quanti-
tations can be achieved, since the dynamic range of intensity measurement
after enhanced chemiluminescence (ECL) staining of each membrane is
significantly higher than the standard on/off results obtained with in situ
IHC experiments. In addition, it is common that after a few recuts deep
into a tissue block, the morphology alters or the area of interest gets ex-
hausted. Using the LES system, several measurements can be performed
from a single tissue section, saving valuable clinical material and circum-
venting this common problem. Another advantage of the technique is that
the detection of proteins using the tissue LES system is performed on pro-
teins that are immobilized on a membrane, similar to standard Western
blotting. This approach facilitates the detection of proteins compared to
the antibody reaction of IHC, which occurs on a complex three-dimen-
sional tissue section, potentially increasing the spectrum of antibodies that
yield consistent signals.

Several other platforms can also be used as the sample source for LES
analysis including: Southern blot gels, protein lysates, tissue microarrays,
cytological samples, slot blots, hair, or microdissected cells. Some of these
different platforms are illustrated in Fig. 6.12. The generation of replicates
from cytological samples is especially attractive since it is impossible to
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Fig. 6.11. Direct application of LES to tissue analysis. Proteins from the tissues are
eluted, and passed through the membranes, each one capturing a proportion of the
proteins. Several antibodies can then be tested in a single experiment (a). The pro-
teins retain the original two-dimensional architecture of the sample. Total protein
staining of a whole mount prostate section shows areas of glandular hyperplasia, di-
lated ducts, urethra, stroma, normal glands (b)
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obtain recuts from these precious specimens. The only prerequisite for the
use of the LES system is that the original sample must allow for the move-
ment of biomolecules away from the sample and into the stack of LES
membranes. In most cases, standard molecular biology methods can be ap-
plied to the LES system, with minimum additional effort by the researcher.

6.5.4 Future Directions

Despite the exciting prospect of applying the LES system to tissues or blot-
ting methods, there are still some limitations to this first generation meth-
od that need to be considered. The primary issue is sensitivity. As a rule
of thumb, transcripts or proteins that produce a clear signal on a tradi-
tional blot will work well in the layered array system. However, in cases
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where the biomolecule of interest is difficult to detect on a standard blot, it
is likely that it will be similarly difficult (or impossible) to measure using
the layered membranes. This limitation is inherent to the difficulty in accu-
rately measuring low abundance mRNAs or proteins and is not unique to
the LES system per se. Nonetheless, we are actively working to optimize
performance of the membranes specifically for use with low abundant mol-
ecules.

For a subset of RNA and protein preparations, we have observed a less
regular distribution of biomolecule content among the membranes, with a
shift towards the first few layers. In these instances, the hybridization sig-
nal on membranes 1-3 often reaches 100-120% of that of standard blots,
while membranes 8-10 can show levels equal to 50-60% of the expected
amount. It is important to note that quantitation of transcript levels is not
compromised by this effect and all ten blots produce useful data. The de-
crease in signal intensity for layers 8-10 can generally be overcome by
using slightly more RNA or protein, for example, 25-30 pg rather than the
usual 10-20 pg. Moreover, as a practical matter, it is generally recom-
mended to probe membranes 1-6 for biomolecules of moderate (or un-
known) abundance levels, and to probe membranes 7-10 for transcripts or
proteins of higher abundance since these signals will be strong enough to
measure even when the sample content drops to 50% of that seen on a tra-
ditional blot.

To address these issues and to improve the overall method, the addition
of an amplification step to LES for nucleic acid analysis, and the antibody
release LES (ARLES) approach are currently being developed in our labora-
tory. An amplification step is necessary to consistently apply the LES sys-
tem to nucleic acid analysis directly from tissues. The total amount of RNA
contained in one tissue section is well below the sensitivity of standard de-
tection techniques. We are currently working on the application of in situ
global transcriptome amplification protocols. This amplification step would
allow for the generation of enough template to subsequently be eluted from
the tissue and allow the biomolecules to be captured on the LES mem-
branes. Even though the size information of the transcripts is lost, the re-
tention of the two-dimensional spatial relationship would allow for the cor-
relation of signals to each of the defined microscopic areas of interest.

The application of an amplification step could also be helpful for gel
analysis. After separating the products on a gel, an “in gel” PCR could be
applied, retaining the global size separation. After the PCR reaction was
completed, the enriched gel would be passed through the LES membranes
using the standard transfer method. This would allow for the analysis of
microdissected samples on Northern blots, which until this point was diffi-
cult, if not impossible to undertake, while maintaining the size information
of the transcripts.

Antibody release LES (ARLES) is another novel approach that utilizes a
closed LES system for multiple gene analysis. In this case, the capture mol-
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Fig. 6.13. Antibody release LES. Above Blank or uncoated membranes are coated
with three different peptides. Below The steps of an antibody release LES experi-
ment are described. The inverted “y” of different shades of gray represent the three
different antibodies used in this example

ecules are individual peptides, with which the LES membranes are coated.
Multiple antibodies are incubated on one sample (namely a tissue section)
and allowed to bind to their subsequent antigens. After a series of nonspe-
cific stringent washes, a release step is applied to the sample. The released
antibodies now move out of the sample and into the stack of LES mem-
branes. Each antibody is captured by its corresponding peptide-coated
membrane (Fig. 6.13). As with standard LES, several sample platforms can
be analyzed using this antibody release method, including one- and two-
dimensional protein gels, 384-well plate protein lysates, tissues, etc. More-
over, the design of a polymer conjugated to a specific cDNA probe and a
detection antibody would allow the method to be applied to the analysis of
nucleic acids (i.e., Northern, Southern, etc.) through the mechanism of in
situ hybridization.

6.6 Conclusion

In summary, there is an important need for novel techniques that provide
a means for more specific tissue microdissection and that facilitate follow-
up analysis of data from array-based studies. In this chapter we have pre-
sented two such new approaches, expression microdissection and layered
expression scanning. Other such methods are also currently under develop-
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ment, each with particular strengths and weaknesses, for example; tissue
microarrays (Kononen et al. 1998; Bubendorf et al. 1999; Dobrin and Ste-
phan 2003), protein microarrays (Lueking et al. 1999), molecular scanners
(Binz et al. 1999), and advances in mass spectrometry (Berndt et al. 1999;
Yates 2000). The xMD method provides a highly precise means by which
one can isolate specific cells of interest in an operator-independent manner.
This new technique should have relevance to many different tissue applica-
tions. Likewise, the LES approach represents another novel methodology
that also has immediate utility to researchers. The generation of gel repli-
cates represents the first practical application of this new technology that
will become valuable for the analysis of a variety of life science platforms.
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7 Standard Diagnostic Techniques

SERGIO GONZALEZ

7.1 Introduction

The conventional pathological analysis of tissue samples or biopsies en-
ables the diagnosis of a given lesion according to current nomenclature
and concepts, but new and evolving techniques are more rapidly and fre-
quently being applied. Light microscopy, immunohistochemistry and in
situ hybridization are routine diagnostic techniques in the pathology labo-
ratory and currently constitute the standard diagnostic approach to tissue
analysis. The application of new procedures from the basic research area
has opened a wide and novel field of potentially diagnostic techniques.
New information on the correlation between standard methods and new
techniques is published every day at a vertiginous rate. The accumulated
data give new information about the biology of human diseases, can be
contrasted with the conventional morphological studies. Thus, the conven-
tional diagnostic approach has become the gold standard to interpret the
new information and to validate these new techniques. Pathologists are try-
ing to keep pace and molecular biology and molecular pathology courses
and seminars are attended more and more frequently by general patholo-
gists. New generations of pathologists have formal training in molecular
pathology techniques. The conventional pathology laboratory has incorpo-
rated biochemists and biologists to support the new subspecialty, i.e., mo-
lecular pathology, and to satisfy the ever-increasing needs in this field.
Clinical research and routine diagnosis have obtained great benefits from
these changes. In this sense, Juan Rosai’s statement points in the right di-
rection: “the creation of teams composed of basic scientists with sufficient
understanding of pathology, (surgical) pathologists with sufficient under-
standing of basic science, and hybrids with a good formation in both
areas, working together towards a common goal” (Rosai 1997).

Because neoplasias comprise the most frequent and important group of
lesions investigated in the pathology laboratory, most of the new applica-
tions of modern techniques are in the field of tumor diagnosis. Enormous
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advances in the comprehension of tumor pathology have been made in the
last few years.

7.2 Diagnostic Histopathology

Histopathological analysis is conventionally carried out by means of the
light microscope and 80-90% of the lesions can be reliably diagnosed
using this method. It allows the identification of neoplastic and non-neo-
plastic conditions and the classification of tumor types, histological grad-
ing and tumor stage. Certainly, this is a low-cost and very effective tech-
nique, yielding valuable information. Moreover, it is rapid, simple, and reli-
able and, although the assessment of histopathological samples is subjec-
tive and reproducibility is still a matter of concern (Trotter and Bruecks
2003), the diagnostic error rates are very low. On the other hand, current
therapeutic modalities require more information about the tissular, cellular
and molecular status in a given lesion, so treatment can be adjusted to in-
dividual patients. The information obtained from histopathological diag-
noses does not always cover all these aspects. Tumor cells in the different
phases of tumor progression express a changing constellation of cellular
antigens and show a functional dynamic profile not visible under the mi-
croscope, except for changes in the differentiation grade and the appear-
ance of metastasis. Currently, this is relevant information for therapeutics.
Morphological features alone cannot explain different behavior and therapy
sensitivity for certain tumors. For instance, viral lytic infections produce
characteristic microscopic features such as nuclear inclusions, but latent
viral infections with a low number of viral copies and/or nonlytic infec-
tions in nonpermissive cells show no morphological abnormalities identifi-
able in tissues, the exception being HPV infection with so-called koilocyto-
sis changes.

7.3 Immunohistochemistry

The introduction of immunohistochemistry now offers the possibility of
assessing the so-called tumor markers, in order to identify cellular differ-
entiation of tumors and especially hormone-therapy targets and the new
monoclonal antibody therapy target antigens (Fig. 7.1), as well as a pheno-
typic profile characteristic and diagnostic importance for a given tumor.
Immunohistochemistry has become a routine diagnostic technique and has
replaced conventional histochemical or special stains to identify different
components of tissue sections, in particular molecules (Dodson 2000; Ta-
ble 7.1). In addition, immunohistochemistry is a sensitive and specific
technique that can be applied to virtually any immunogenic molecule. A
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Fig. 7.1. Gastrointestinal stromal tumor showing intense positive reaction for CD117
(c-kit); S-ABC technique with hematoxylin counterstaining. Original magnification
%200

Table 7.1. Immunohistochemical detection systems

Labeled Direct conjugate-labeled antibody method
Indirect (sandwich) method
Avidin-biotin conjugate method (ABC)

Unlabeled Enzyme bridge technique
Peroxidase-antiperoxidase method (PAP)
Biotin-avidin method
Biotin-streptavidin method
Alkaline phosphatase anti-alkaline phosphatase method (APAAP)

standard protocol for p53 immunohistochemistry staining is shown in
Chapter 11 (Sect. 11.5.3.3.2).

The immunophenotypic profile is the spectrum of antigens that are con-
stant and characteristic of a given tumor. Thus, the presence of a series of
antigens identified by monoclonal antibodies in biopsy samples allows the
identification of a defined cellular type and tumor differentiation. This sit-
uation is exemplified by the anaplastic large cell lymphoma typically show-
ing CD30 (Ki-1) antigen (Fig. 7.2), and also other major lymphoma groups
of T-cell (CD3+), B-cell (CD20+), NK-cell (CD56+), etc.

Among the many advantages of immunohistochemistry, it is worth men-
tioning that it can be applied to tissues with standard fixation in formalin
and paraffin embedding. Thus, it can be widely used in routine diagnosis
and also applied to archival tissues. Although fixation can alter the avail-
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Fig. 7.2a,b. Anaplastic large cell lymphoma of lymph nodes. a Immunohistochem-
ical staining for CD30 (Ki-1) showing intense membranous signal with paranuclear
dots. b ALK-1 intense staining in nuclei and cytoplasm of tumor cells. S-ABC tech-
nique with hematoxylin counterstaining. Original magnification x400

ability of some antigens, reliable antigen unmasking procedures have been
developed in the last few years (Miller et al. 2000). These retrieval tech-
niques use methods to increase accessibility of antigens that are “masked”
by formalin fixation and paraffin embedding, without damage to histologi-
cal sections and cellular details. However, care should be taken because
some antigens are modified by antigen retrieval and false negative results
can be obtained (Miller et al. 2000). Immunohistochemistry has reached an
acceptable level of automation that has eliminated the technical drawbacks
of manually performed procedures and antigen unmasking problems. How-
ever, interpretation of immunohistochemical results is still a problem be-
cause variable and unexpected patterns of immunostaining, especially in
tumors, do occur. Immunoreactive entrapped nonneoplastic cells, antigen
diffusion out of normal cells to tumor cells, and nonspecific adsorption of
antibodies may account for this problem. Automation includes application
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of reagents, incubation, and rinsing under controlled temperature and hu-
midity conditions as well as strict timing. Sectioning and mounting are
still manually performed. Automation allows in-house reproducibility, ac-
curate results, and shorter overall times. Poor tissue fixation or overfixa-
tion, poor sectioning, and selection of inadequate areas for staining are
still problems that occasionally occur. Protocolization of tissue handling
and processing and coordination with pathologists before biopsy to opti-
mize the tissue analysis are measures that ensure optimal results (Dabbs
2002).

One of the most valuable advantages of immunohistochemistry is the
possibility of evaluation with optimal preservation of tissue morphology
and cellular details, allowing precise identification of cells actually showing
positive and/or negative reactions, including proportion and distribution
of these cell populations.

Among the disadvantages, it can be mentioned that cross-reactions may
occur, poor preservation of tissues can give false negative results, and
many antigens are not as specific for certain tissues as initially thought.
Great variability in protocols and processing among different laboratories
exists, so protocol standardization remains limited to single laboratories.

Semiquantitative analysis is routinely used in estrogen and progesterone
and c-erbB-2 evaluation in breast cancer (Fig. 7.3), as well as in androgen
receptor in prostate cancer, and lymphoid subpopulations in lymphopro-
liferative disorders of nodal and extranodal sites. Quantitative immunohis-
tochemistry is also used in other routine situations like estimation of the pro-
liferative index with staining for Ki-67 (MIB-1), p53 staining, and lymphoid
subpopulations for mycosis fungoides diagnosis (CD4+, CD8-, CD7-;
Seidal et al. 2001; Dabbs 2002).

A selection of specific cell populations can be made for tissue microdis-
section and, properly guided by immunohistochemical staining, adequate
tissues can thus be selected for genetic studies. The target cell populations
are identified by previous immunohistochemistry and the selected cell sub-
populations can be used for further molecular studies. Immunohistochem-
istry can aid in correlation studies of molecular analysis and histopathol-
ogy studies. Molecular analyses are increasingly used as complementary
techniques in the study of many human diseases, for instance, clonality
analysis of lymphoid disorders. The diagnostic value of clonality can be
contrasted with the immunohistochemical results and conventional mor-
phological analysis.

A combination of tissue microarrays and immunohistochemistry enables
a rapid and cost-effective screening of marker expression (Bubendorf et al.
2001). Up to 1000 tumor samples can be arranged in a single paraffin
block, allowing the screening of a large number of tumors under the same
procedure conditions (see also Chaps. 10 and 11).

These markers correlate with disease course and treatment susceptibility
(CD20, CD117, CD41, CD25, ALK-1) and may help to identify tumor sub-
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Fig. 7.3a-d. Breast cancer. a Normal mammary acini showing nuclear staining for
estrogen receptor; original magnification x200. b Ductal infiltrating carcinoma
showing nuclear staining in 100% of tumor cells (grade 3); original magnification
%x200. ¢ Ductal infiltrating carcinoma showing nuclear staining in 80% of tumor
cells for progesterone receptor; original magnification x200. d Intraductal carcino-
ma showing intense membranous staining for c-erbB-2; original magnification
%400. S-ABC technique with hematoxylin counterstaining

sets with particular aggressive behavior. ALK-1 or anaplastic lymphoma
kinase 1 is present in about 40-70% of anaplastic large-cell lymphomas of
T-cell and null-cell types. It is a chimeric protein NPM-ALK localized to
the cytoplasm and nucleus of tumor cells, a product of t(2;5)(p23;q35)
translocation involving the nucleophosmin (NPM) gene and a gene coding
for a receptor tyrosine kinase (ALK; Morris et al. 1994). ALK immuno-
staining is rapid, specific, and inexpensive. Normally, it is expressed in
nerve cells, but not in lymphoid cells. Translocations of alk result in over-
expression of ALK and thus the immunostaining in tumor cells provides
indirect evidence for abnormalities and status of the alk gene.
Immunohistochemical detection of metastatic melanoma in sentinel
lymph nodes upstages 10% or more patients with occult metastases, i.e.,
metastases not detectable by light microscopy and immunohistochemistry



Chap. 7 Standard Diagnostic Techniques 107

using antibodies against protein S-100 and HMB-45 and/or Melan-A anti-
gens (Perrott et al. 2003). RT-PCR to detect melanoma-associated mRNA of
tyrosinase, MART-1, and gp100 have been successfully used. RT-PCR assay
has shown a positive reaction in 90% of initially negative cases by conven-
tional microscopy and immunohistochemistry. Patients with expression of
two or more markers by RT-PCR have shown significantly higher risk of
recurrences (Bostick et al. 1999).

7.4 In Situ Hybridization and PCR-in Situ Hybridization

In situ hybridization allows the detection of specific nucleic acid se-
quences, thereby permitting precise cellular location. It is used to diagnose
infectious diseases and to assess gene expression in certain neoplastic dis-
orders.

Tissues fixed in formalin and embedded in paraffin are cut and sections
are mounted on silanized glass slides. Protease predigestion allows accessi-
bility to tissue nucleic acids. Frozen sections do not need protease diges-
tion. Probes labeled with nonisotopic compounds are suitable because they
produce lower background, greater resolution, and prolonged stability of
reactions. Signals are easily detected in tissues after colorimetric reactions
(Fig. 7.4). Controls for ISH included hybridization of the same tissue with
a probe complementary to the test probe and identical to the target DNA
(same probe) and which serves as a negative control. ISH has been widely
used to identify specific viral sequences in tumors, especially human papil-
lomavirus, Epstein-Barr virus, hepatitis virus family, and HIV (Fig. 7.4). A
protocol for nonisotopic in situ hybridization is shown in Chapter 11
(Sect. 11.5.2.3).

Fig. 7.4. In situ hybridization for HPV in exocervical epithelium. Intraepithelial neo-
plasia, grade 2, with nuclear signal in the upper layers of the atypical epithelium;
APAAP technique without contrast. Original magnification x200
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ISH is less sensitive than amplification methods, but provides important
histologic information. ISH cannot detect latent viral infection due to the
low number of copies within infected cells (Nuovo and Cottral 1989; Nagai
et al. 1987). The detection threshold of ISH is ten copies per cell (Nuovo
1997). ISH is an excellent method for the analysis of gene therapy tissues
to determine the localization, distribution and expression of gene therapy
vectors administered to patients.

PCR-ISH combines the sensitivity of nucleic acids amplification and the
tissue localization of ISH reactions (Nuovo 1997). Limitations of this tech-
nique are related to drawbacks of PCR and ISH themselves. For instance,
ISH is limited by background staining and false positive reactions, so con-
trols are necessary for every reaction.

The main advantages of PCR-ISH are the combination of two powerful
techniques such as PCR (sensitivity) and ISH (morphology preservation),
information related to the localization of the reaction with pathogenic and
etiologic consequences, and the easy identification of false positive results
because of the possibility of localizing the signal in cells and thus discrimi-
nating true from false reactions.

Recently, RT-PCR-ISH has been applied to identify T-cell receptor beta
rearrangements in cutaneous T-cell infiltrates (Nuovo et al. 2001; Magro et
al. 2003). This technique allows the direct correlation of the molecular data
with histological features.

7.5 Microdissection

Laser capture microdissection (see also Chaps. 10 and 11) is used to isolate
defined cell populations. At present, array technologies cannot distinguish
whether a lesion is an in situ carcinoma, a microinvasive carcinoma, or an
invasive carcinoma with lymphatic spread, based exclusively on genetic
profiles. This technology cannot per se differentiate between primary and
secondary tumors (metastasis).

Any study of genetic expression must be completed with an analysis of
protein expression, because we know that, after protein synthesis, modifi-
cations appear that could invalidate extrapolations from one type of study
to another. Genetic microarray analysis allows the characterization of many
types of genes, but it does not reveal levels of protein expression or post-
translational modifications of proteins.

The adaptation of tumor cells is a known phenomenon showing dy-
namic transformation of the expression of proteins, giving variable protein
expression profiles that can be analyzed through proteomic techniques (see
Chap. 9). A combination of genetic expression analysis and the assessment
of the proteomic profile, measured quantitatively and qualitatively, may
lead to the identification of biomarkers for potential clinical application.
Correlation of genetic studies and conventional morphology is mandatory
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in order to obtain adequate information of clinical relevance and regarding
the biology of neoplasia.

7.6 Closing Remarks

Molecular techniques will still have to undergo a certain period of quality
control (Lakhani and Ashworth 2001), and conventional techniques includ-
ing light microscopy, immunohistochemistry, and in situ hybridization play
an important role as standard and reference procedures. Moreover, the
pathologist is the specialist in charge of diagnosing lesions and linking
and translating the conceptually and scientifically sound basic research
techniques with potential application in clinical diagnosis for the benefit of
the patients.
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8 DNA Applications

PaBLo UriBE and IgNAciO I. WISTUBA

8.1 Introduction

The study of normal and neoplastic genomes has been the most widely
used application of microdissected material in the study of cancer pathways
(Gillespie et al. 2001). Genetic changes in the multistep progression of can-
cer can involve amplification or gain of function mutations in dominant
oncogenes, or they may involve loss of function by deletion, mutation or
methylation in recessive tumor suppressor genes. According to Knudson’s
classical two-hit hypothesis of tumor suppressor gene function, one paren-
tal allele is lost by deletion, while the second is inactivated by mutation
(Knudson 1985). Thus, if tumors are analyzed with respect to the integrity
of their parental alleles at a given polymorphic locus, both alleles would be
present in the constitutional DNA while one allele would be lost in the tu-
mor (a phenomenon called “loss of heterozygosity” or LOH). Microdissec-
tion has made a remarkable difference in the application of LOH analysis
to the study of cancer pathways, specially in formalin-fixed and paraffin
embedded tissues (FFPET; Maitra et al. 2001). The logistics of LOH analy-
sis are such that virtually pure populations of tumor cells or preneoplastic
foci are required, since contamination by even a few unwanted cells will
mean the second allele deleted in the cell population of interest will be am-
plified by the PCR reaction. LOH analysis has been invaluable for mapping
tumor suppressor genes (TSGs), localization of putative chromosomal “hot
spots” and the study of sequential genetic changes in preneoplastic lesions.
The use of microdissected material from preneoplastic lesions has shown
that many of the genetic alterations found in cancers actually begin in his-
tologically normal appearing tissue (Wistuba et al. 1997b).

Besides LOH analysis, other studies that can be performed on microdis-
sected DNA include analysis of X-chromosome inactivation to assess clon-
ality, single strand conformation polymorphism (SSCP) and restriction
fragment length polymorphism (RFLP) analyses for mutations in critical
genes, comparative genomic hybridization (CGH) and the analysis of pro-
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moter hypermethylation (Maitra et al. 2001). All of these methods are ap-
plicable to FFPET. In some of them no more than 100-200 sectioned cells
are required per PCR reaction and even fewer cells if material from cryo-
stat sections or methanol-fixed specimens is used. CGH, which until re-
cently was limited by large quantities of fresh/frozen DNA, has been suc-
cessfully performed using 20-100 microdissected cells (Taguchi et al. 1997;
Paris et al. 2003). The combination of microdissection with newer technol-
ogies such as primer extension pre-amplification and whole genome ampli-
fication will make genomic analyses possible on smaller quantities of cells,
even from FFPET, thereby permitting the study of microscopic normal cells
and preneoplastic lesions (Wang et al. 2001; Heinmoller et al. 2002).

DNA extracted from FFPET has been considered to be a poor substrate
for molecular studies (Diaz-Cano and Brady 1997; Legrand et al. 2002).
However, in this chapter, we will discuss different successful methodologies
for genetic analysis of FFPET-derived DNA based on PCR amplification,
the method used most frequently in the molecular analysis of this type of
sample. Their applications as well as the underlying causes of methodolog-
ical problems and the potential techniques to overcome them will also be
reviewed.

8.2 DNA Extraction

There are several protocols available for DNA extraction after microdissec-
tion from FFPET (de Lamballerie et al. 1994; Hung et al. 1995; Coombs et
al. 1999; Sato et al. 2001; Legrand et al. 2002). The most common method-
ology used is that based on proteinase K digestion. For proteinase K diges-
tion to extract DNA from microdissected FFPET, important technical issues
that need to be addressed are discussed in the Protocols section
(Chap. 11.4.1.2).

8.3 DNA PCR Amplification

All the genomic applications for FFPETs discussed in this section are based
on the ability to successfully amplify DNA sequences using PCR-based
strategies. It has been demonstrated that for PCR DNA amplification, the
success rate decreased proportionally with the time of formalin fixation
and, consequently, with the size of the required DNA template (Legrand et
al. 2002). Short alleles have shown higher efficiencies than long alleles, and
uniplex reactions perform much better than multiplex amplifications. The
main role in DNA degradation has to be attributed to formalin fixation
time. Formalin-induced degradation starts early, after the first 3 h of fixa-
tion, even in phosphate buffered formalin (Legrand et al. 2002). However,
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successful amplifications have been reported for fixation times varying
from 1 to 7 days, and up to 70 days (Savioz et al. 1997). There is abundant
scientific literature regarding PCR amplification in this type of DNA, there-
fore, a few basic practical key aspects of this procedure are shown in the
Protocols section (Chap. 11.5.1.3).

8.4 Microsatellite Analysis

Microsatellites are highly polymorphic short tandem repeat (dinucleotide
and multinucleotide) DNA sequences. Several of these microsatellite mark-
ers have been used extensively for DNA fingerprinting and are very useful
in genetic linkage analysis. Loss of heterozygosity (LOH) analysis utilizing
polymorphic microsatellite markers is frequently used to identify allelic
losses at specific chromosomal loci in tumors and precursor lesions (Wis-
tuba et al. 1999, 2000, 2001, 2002). In addition to those specific genetic
changes, other evidence indicates that genetic instability occurs in human
cancers. This evidence includes changes in the length of microsatellite
markers, frequently present in a wide variety of cancer types, and is
known as microsatellite instability (MSI; Boland et al. 1998; Wistuba et al.
1998). MSI represents changes in the size of simple nucleotide repeat poly-
morphic microsatellite markers, resulting in altered electrophoretic mobili-
ty of one or both alleles, associated with a deficiency in the DNA mismatch
repair system. The development of methodologies for PCR-based assays in

Loss of Microsatellite
Heterozygosity Instability
N T N T
a D3S1537 b D3S2432

Fig. 8.1. Examples of loss of heterozygosity (LOH) and microsatellite instability
(MSI) analyses of DNA extracted from microdissected FFPET obtained from lung
cancer specimens. Both panels demonstrate microsatellite analysis of microdissected
DNA of paired nonmalignant (N) and tumor (T) tissue samples from individual pa-
tients. a Tetranucleotide repeat marker D3S1537 (located in chromosome 3p22-24.2
region), demonstrating LOH of the upper allele in the tumor sample; b tetranucleo-
tide repeat marker D3S2432 (3p22-24.2), demonstrating loss of one tumor allele
and a mobility shift (MSI) of the remaining allele
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small number of cells from FFPETs, and of precise microdissection tech-
niques have facilitated the analyses of LOH and MSI in tissues processed
using conventional histopathological techniques (Boland et al. 1998; Maitra
et al. 2001). Primers amplifying specific and known microsatellites are
available in the Genome Database website (http://www.gdb.org).

For LOH and MSI analyses in a particular case, constitutional microsat-
ellite pattern is determined by examination of paired nonmalignant tissue
(Maitra et al. 2001). LOH is scored by visual or image analysis detection of
complete absence or reduction of the one tumor allele in heterozygous
(i.e., “informative”) cases (Fig. 8.1). On the other hand, MSI is detected by
a shift in the mobility of one allele, irrespective of whether it is accompa-
nied by LOH. MSI either consists of deletions (recognized by increased
electrophoretic mobility), or insertions (recognized by decreased electro-
phoretic mobility; Fig. 8.1).

The basic PCR reaction used by us for amplification and electrophoresis
analysis of polymorphic microsatellite DNA sequences in our LOH and
MSI studies is summarized in the Protocols section (Chap. 11.5.1.4).

8.5 Mutation Analysis

Several strategies have been used to screen and confirm gene mutations in
DNA extracted from FFPET (Frayling 2002). The most frequently used
screening methods for PCR-based mutation analyses used in this type of
material, SSCP (single-strand conformation polymorphism) and RFLP (re-
striction fragment length polymorphism) analyses, will be discussed in this
chapter.

8.5.1 Single-Strand Conformation Polymorphism

This method has been designed to detect DNA sequence changes as minor
as a single base difference. The conformation of single-stranded DNA, un-
der nondenaturing conditions, is dependent mainly on intra-strand interac-
tions. Consequently, the mobility characteristics of the single-strand DNA
in polyacrylamide gel electrophoresis will be based on its nucleotide se-
quence. In this technique, genomic DNA PCR amplified fragments are de-
natured and examined under nondenaturing polyacrylamide gel conditions
(Fig. 8.2). Electrophoretic mobility changes of the DNA bands have been
found to be indicative of base sequence changes. Single base changes in
DNA fragments up to 200 nucleotides long can be detected as mobility
shifts. The characteristics of SSCP allow one to analyze specific amplified
DNA sequences extracted from FFPET, and it has been applied to screen
mutations in a number of genes and tumor types (Wistuba et al. 1997a;
Frayling 2002).
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Fig. 8.2. SSCP examples for detection of mutations and polymorphisms in DNA ex-
tracted from FFPETs. a Exon 15 BRAF gene mutations in melanoma specimen and
then confirmed sequence of the suspicious cases. b Tumor suppressor gene RASS-
FIA codon 133 polymorphism (GCT to TCT) in gallbladder carcinoma. Note that
the suspicious bands are present in normal DNA 2. Black arrow indicates suspicious
bands; * indicates confirmed changes in the sequencing analysis

The basic methodological considerations for SSCP analysis from FFPET
are shown in the Protocols section (Chap. 11.5.1.5).

8.5.2 Restriction Fragment Length Polymorphism

This technique can be used to detect nucleotide changes by comparing the
sizes of restriction endonuclease-cleaved genomic DNA fragments. For mu-
tation analysis, PCR-amplified DNA sequences are subjected to RFLP. This
methodology can be applied in cases in which the nucleotide change intro-
duces an artificial restriction enzyme cleavage site or the particular muta-
tion abolished an existing cleavage site (Franklin et al. 1997; Uribe et al.
2003). In the first situation, enzyme restriction digestion is seen in samples
containing the mutant allele, and in the second in samples having the
wild-type allele only. A representative example is shown in Fig. 8.3. In ad-
dition, a designed-RFLP method utilizing inner mismatched primers in the
PCR amplification can be used to introduce a new restriction site into the
PCR product derived from wild-type or mutant-type alleles, and the PCR
product thus obtained is digested using a corresponding restriction en-



116  P. Uribe and I.1. Wistuba

Common Nevi Atypical Nevi Melanoma

e S St et () W] e oot —

L LSS SR NN S N S —y

Normal Atypical Nevi #4 Melanoma #7
E A T C G _A T C E A T C
— : —
2 —-_.-_ ] —l-_-—-_ 3 —.—-_
Al B AT = AN B
G - TA == e | G -
N o S o GIA [~ ¢
A — [v} ____ é __-
C /- — A /- — A / —
AL |- — —
i — / s d |y
T g P — —
— — [ .
Wild-type Mutation Mutation
b T1796A GT1795-96AA

Fig. 8.3. RFLP mutation analysis of the oncogene BRAF at codon 599 in DNA ob-
tained from microdissected FFPET melanocytic lesions of the skin. Mutation pro-
duces a loss of a restriction site for TspRI that can be detected by PCR-RFLP analy-
sis. Three bands are shown: undigested, 170 bp; mutant, 135 bp; and wild type,
87 bp. Fragment lengths are given in bp on the left. L 50-bp DNA ladder, U uncut
DNA, M mutated DNA control, N normal DNA control. Mutations were confirmed
using manual sequencing methodology

zyme (Sugio et al. 1997). The most important methodological issues to
consider for applying this methodology to FFPETs are shown in the Proto-
cols section (Chap. 11.5.1.6).

8.6 Gene Methylation Analysis

Aberrant methylation (referred to as methylation) of normally unmethyl-
ated CpG islands in gene promoter regions is an important method for si-
lencing tumor suppressor genes (TSGs; Herman and Baylin 2003). Methyla-
tion results in transcriptional inactivation of several TSGs in human cancer
and serves as an alternative for the genetic loss of gene function by dele-
tion or mutation. Development of new techniques that couple bisulfite
modification with PCR has enabled these alterations to be studied in all



Chap. 8 DNA Applications 117
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Fig. 8.4. Gene promoter methylation analysis using methylation-specific PCR (MSP)
methodology from DNA extracted from FFPET from gallbladder carcinoma speci-
mens. The amplified methylated and unmethylated allele products after step two of
the nested MSP for the tumor suppressor gene P16 are shown. T Tumor, N normal
tissue

types of biological samples, including FFPETs (Herman et al. 1996). The
methylation-specific PCR (MSP) method can rapidly assess the methylation
status of virtually any group of CpG sites within a CpG island, independent
of the use of methylation-sensitive restriction enzymes. This assay entails
initial modification of DNA by sodium bisulfite, converting all unmethyl-
ated cytosines (but not the methylated cytosines, 5-methylcytosines) to ur-
acil, and subsequent amplification with primers specific for methylated ver-
sus unmethylated DNA (Herman et al. 1996; Fig. 8.4). MSP requires only
small quantities of DNA, is sensitive to 0.1% methylated alleles of a given
CpG island locus, and can be performed on DNA extracted from FFPETs
(Herman et al. 1996; Lee et al. 2002; House et al. 2003). MSP circumvents
the false positive results inherent to previous PCR-based approaches, which
relied on differential restriction enzyme cleavage to distinguish methylated
from unmethylated DNA.

For MSP analysis using FFPET samples, see Protocols section
(Chap. 11.5.1.7).

8.7 Clonality Analysis
8.7.1 Overview

Several techniques have been used to determine clonal association between
tumors and lesions with the potential to develop into invasive tumors,
namely microsatellite examination for LOH and MSI, X-chromosome inac-
tivation, specific gene mutation and mitochondrial mutations analyses
(Diaz-Cano et al. 2001). Specific technical information will be provided
only for methodologies not discussed in other sections of this chapter.
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8.7.2 Microsatellite Analysis

Microsatellite analysis measuring LOH and MSI have been used as clonal
markers to determine the origins of synchronous or metachronous tumors
and precursor lesions in several tumors (Tang et al. 2003). Because LOH
frequencies are variable among chromosomal regions, and the informative
(markers showing polymorphism) rates are also variable among markers,
multiple markers must be used to gather the necessary information (Diaz-
Cano et al. 2001; Tang et al. 2003). In addition, because there are three
possible genetic patterns for any informative marker (i.e., retention, loss of
upper allele, or loss of lower allele), about 33% of any paired lesions may
exhibit an identical genetic pattern by chance alone. To increase confidence
in the determination of clonal origin between two lesions, genetic patterns
from multiple informative markers should be obtained. If two lesions share
identical genetic patterns in a substantial number of markers, then they
are likely to be derived from the same clone (Fig. 8.5A). However, a lack of
shared genetic patterns in some markers between two lesions may occur
even though the lesions derive from the same clonal origin because certain
genetic changes may occur independently during tumor progression.

8.7.3 Gene Mutations

Specific gene mutations have been also used as genetic markers to distin-
guish the clonal relationship of multiple malignant and premalignant le-
sions (Diaz-Cano et al. 2001). The probability of the same clonal origin is
very high if tumors share an identical particular mutation in a given gene.
Some of those analyses have been based on mutations identified in tumor
suppressor gene TP53, the most frequent oncogene mutated in human can-
cers (Harris 1996). However, there are two important limitations to this
approach. Firstly, lesions need to contain the particular gene mutation, and
secondly, some of those mutations occur relatively late in the tumorigenic
process, therefore it may not be suitable for analyzing premalignant lesions
or histologically normal appearing epithelium.

8.7.4 X-Chromosome Inactivation

The majority of investigators have used the human androgen receptor (HU-
MARA) assay for X-chromosome inactivation analysis (Mashal et al. 1993;
Diaz-Cano et al. 2001; Jovanovic et al. 2003). There are two Hhal and two
Hpall restriction sites within the first exon of the X-linked HUMARA gene.
They are located less than 100 bp 5’ from a highly polymorphic CAG mi-
crosatellite repeat. Methylation of these restriction sites is associated with
X-chromosome inactivation in females. Therefore, digestion with methyla-
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Fig. 8.5. Examples of clonality analysis in microdissected FFPET using microsatellite
(a) and mitochondrial C-tract (D310) alterations (b). a Examples of microsatellite
analysis (loss of heterozygosity, LOH, and microsatellite instability, MSI) for clonal-
ity in primary tumor and metastasis from autopsies. For each case, histopathology
(T1 primary tumor, T2 metastasis), microsatellite abnormality pattern, and repre-
sentative autoradiographs for LOH (closed arrowhead) and MSI (open arrowhead)
are shown. Both cases showed identical or similar patterns of microsatellite abnor-
malities between primary tumor and metastasis, indicating a clonal relationship.
Horizontal bars on the left of the autoradiographs indicate the main allelic bands.
b Gel radiographs of mitochondrial C-tract (D310) alterations analysis by a length-
based PCR assay run in a 6% polyacrylamide gel in DNA extracted from microdis-
sected FFPET gallbladder cancer specimens. A case of gallbladder carcinoma with
adjacent gallbladder epithelia showing the same D310 sequence deletion pattern in-
dicating clonal relationship is shown. S stromal cells, N normal epithelium, T tumor,
and D dysplasia. D310 sequence abnormalities were confirmed using manual se-
quencing methodology

tion-sensitive enzymes followed by PCR-amplification with primers flank-
ing the sites can be used to distinguish between transcriptionally active
and inactive X-chromosomes in heterozygous female subjects. In polyclonal
tissues, one X-chromosome is active in some cells and the other in other
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cells. In contrast, in monoclonal tissues, all cells have inactivated the same
X-chromosome. Therefore, if two lesions show hypermethylation in differ-
ent X-chromosomes, then they must derive from different cell progenitors.
If two lesions show an identical pattern of X chromosome hypermethyla-
tion, then there is a 50% chance that they have a common clonal origin.
Although the HUMARA assay has been successfully used to determine
clonality of clinical and research specimens, including FFPETs, this meth-
odology is limited to female patients, and certain technical difficulties such
as incomplete enzyme cleavage, inconsistent results and suboptimal PCR
amplification frequently affect the interpretation of the results (Diaz-Cano
et al. 2001).

The most important technical issues for X-chromosome inactivation
analysis to assess clonality based on the HUMARA assay are (Jovanovic et
al. 2003) analyzed in the Protocols section (Chap. 11.5.1.1.2).

8.7.5 Genotyping Assay of the D310 Repeat

Recently, a new marker has been added to the arsenal for determination of
clonal outgrowth, the deletions/insertions examination at a polycytosine
tract (C-tract) in displacement loop (D-loop) of human mitochondrial
DNA (mtDNA), known as D310 sequence (Sanchez-Cespedes et al. 2001).
Those abnormalities have been reported in a number of tumors (Sanchez-
Cespedes et al. 2001) and in premalignant lesions associated to head and
neck (Ha et al. 2002) and gallbladder carcinomas (Tang et al. 2003). Similar
to the deletions/insertions measured by microsatellite analysis, the C-tract
deletions/insertions appear to be good markers to determine clonal origin
among multiple malignant and premalignant lesions (Fig. 8.5B). It will be
interesting to see whether combining the C-tract and other clonality ana-
lyses can substantially increase the informative rate and provide sufficient
information to determine the clonal origin of multiple cancers and prema-
lignant lesions in most patients (Mao 2002). The most important protocol
considerations for this type of analysis in DNA extracted from FFPETs are
summarized in the Protocols section (Chap. 11.5.1.8).

8.8 Summary

The study of normal and neoplastic genomes has been the most widely
used application of microdissected material in the study of cancer path-
ways. Genetic changes in the multistep progression of cancer can involve
amplification or gain of function mutations in dominant oncogenes, or
they may involve loss of function by deletion, mutation or methylation in
recessive tumor suppressor genes. Microdissection has made a remarkable
difference in the application of DNA analysis to the study of cancer path-
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ways as well as allowing the study of sequential genetic changes in preneo-
plastic lesions. Although DNA extracted from formalin-fixed and paraffin-
embedded tissues (FFPET) has been considered to be a poor substrate for
molecular studies, several reliable methodologies for the examination of
genetic abnormalities in FFPET-derived DNA have been well established
and are discussed in this chapter. Their applications as well as the underly-
ing causes of methodological problems and the potential techniques to
overcome them are also reviewed.
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9.1 Introduction

Gene expression profiling has become an increasingly popular tool to sur-
vey the transcriptional landscape of human and animal tissues. This ex-
perimental approach has led to exciting new insights in biological signal-
ing networks (Stuart et al. 2003) and advances in clinical diagnostics
(Huang et al. 2003). However, the complex cellular heterogeneity of eukary-
otic tissues such as human adenocarcinoma may often obscure significant
patterns of gene transcription present in subpopulations of cells when
homogenized tissue is considered in its entirety. If nothing else, this
approach precludes a comparative analysis of expression profiles from in-
dependent cell populations within the same tissue specimen. Accordingly,
laser capture microdissection (LCM) is an attractive tool to analyze gene
expression profiles from microdissected cells in heterogeneous tissue sec-
tions (Leethanakul et al. 2000; Alevizos et al. 2001; Luzzi et al. 2001; Ma et
al. 2003).

Use of LCM tissue for gene expression profiling poses three technical
challenges. The first is the limited availability of properly preserved tissue
specimens. Although less problematic for animal tissues, human clinical
specimens are often preserved in formalin and paraffin wax, rendering
RNA derived from these specimens generally unsuitable for current micro-
array technology. Second, the quantity of RNA derived from LCM tissue
(often in the picogram to nanogram range) is insufficient for standard mi-
croarray target preparation, thus necessitating the use of transcript ampli-
fication. Finally, production of quality microarray data is highly dependent
upon a high-quality RNA template and requires stringent quality assurance
measures.

In this chapter, we will provide a theoretical overview and sample proto-
cols for performing RNA isolation, transcript amplification, microarray
analysis, and RT-PCR confirmation of gene expression profiles from LCM
tissue. Figure 9.1 provides a generalized flow diagram of this approach.

Principles and Practice

Emmert-Buck et al. (Eds.):

Dissecting the Molecular Anatomy of Tissue
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Fig. 9.1. Experimental approach for microarray analysis and RT-PCR validation of
gene expression from LCM tissue. A set of reasonably accessible fresh frozen clinical
specimens (A) are used for LCM to isolate cell populations of interest (B). Nano-
gram quantities of RNA are isolated from dissected cells (C), which is then quanti-
fied and qualitatively assessed for integrity. Approximately 10-30 ng of RNA is am-
plified using T7 RNA polymerase-based in vitro transcription (D) and labeled cRNA
is applied to the microarray (E). After bioinformatic analysis of gene expression
patterns (F), a set of candidate sequences are chosen for further analysis (G). Ex-
pression patterns are validated using qRT-PCR (J) with either the originally isolated
RNA sample (H) or an aliquot of the amplified RNA (I). Additional specimens, of-
ten derived from FFPE tissue blocks (K), can then be used to further validate or ex-
pand patterns of gene expression identified in the pilot sample set

Although these methods are applicable to all animal tissues, we will focus
on the analysis of human clinical specimens, which can be particularly
challenging. Examples of microarray analysis will be based on the use of
Affymetrix GeneChip microarrays, although most protocols and guidelines
presented are equally applicable to other microarray platforms. In addition
to practical considerations and protocols, a number of troubleshooting
guidelines based on our own experience will be provided.

9.2 Tissue Selection for Gene Expression Analysis

Previous chapters in this volume as well as other sources (Huang et al.
2002) have described the critical parameters necessary for optimized tissue
processing for LCM. For gene expression analysis using nucleic acid micro-
arrays, fresh frozen tissue remains the gold standard from which to isolate
RNA. Frozen tissue may be more difficult to procure and store, provides
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poorer histological detail, and requires considerable care to isolate high
quality RNA. However, until more robust methods are available for per-
forming microarray experiments on RNA derived from formalin-fixed, par-
affin-embedded (FFPE) tissues (Karsten et al. 2002), fresh frozen tissue is a
necessity.

On the other hand, clinical tissue specimens embedded in paraffin are
plentiful (although it may be increasingly difficult to request these speci-
mens from surgical pathology departments). The histological detail of
FFPE tissue is obviously excellent and these tissues are easy to work with.
Although the RNA isolated from FFPE tissue is severely degraded and/or
chemically modified (Masuda et al. 1999) making it unsuitable for most
microarray platforms, it can be successfully utilized for quantitative RT-
PCR (qRT-PCR) assays with appropriately designed primers (Godfrey et al.
2000; Specht et al. 2001).

Based on these constraints, a reasonable experimental approach is to
perform LCM on a limited number of fresh frozen tissue samples for mi-
croarray analysis, identify candidate transcripts of interest, and then vali-
date gene expression patterns using qRT-PCR and a larger number of RNA
samples derived from microdissected FFPE tissue (Fig. 9.1).

9.3 RNA Isolation

9.3.1 Overview

Protocols for the isolation of RNA from frozen LCM tissue, as well as from
FFPE LCM tissue, are shown in the Protocols section (Chap. 11.4.2.2).
There are generally two methodological approaches for RNA isolation from
LCM tissue. The first involves differential binding and elution of cell lysates
to microspin columns. Several commercial reagent systems are available
from vendors such as Arcturus (Mountain View, CA), Ambion (Austin,
TX), and Stratagene (LaJolla, CA). The second approach involves organic
extraction and precipitation using a scaled-down version of traditional
RNA isolation methods. The reagents necessary for this protocol can be
purchased independently and are also packaged as commercial reagent sys-
tems from vendors such as Ambion and Stratagene. Spin column protocols
are fast and convenient, and avoid the use of toxic chemicals such as phe-
nol and chloroform. They may be particularly efficient when the yield of
RNA is expected to be very low (<10 ng). However, in our experience, the
organic extraction and precipitation method more consistently yields high
quality RNA, particularly when tissue is collected from more than 1000
cells (i.e., an anticipated RNA yield of >10 ng). The protocol presented in
the Protocols section (Chap. 11.4.2.2) is routinely used in our laboratory to
isolate high quality RNA from frozen LCM tissue. A protocol for the isola-
tion of RNA from FFPE LCM tissue is presented in Chapter 11.4.2.3.
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Fig. 9.2. Qualitative analysis of RNA derived from LCM of frozen or FFPE tissue.
RNA isolated from fresh frozen tissue (a-c) or FFPE tissue (d) was analyzed using
the Agilent Bioanalyzer 2100 and RNA Nano Chip Assay. The graphs (a-d) demon-
strate fluorescence intensity as a function of migration time. Peaks corresponding
to 28S and 18S ribosomal bands along with their calculated band intensity ratios
are noted. a High quality RNA; b moderate quality RNA; c¢ severely degraded RNA;
d RNA derived from FFPE tissue. Samples a and b were used for transcript amplifi-
cation and produced microarray data of comparable quality (see Table 9.1, samples
14 and 15). Note the lack of a 28S ribosomal band and increased intensity of low
molecular weight RNA in degraded sample c. Distinct ribosomal bands are not pre-
sent in RNA derived from FFPE LCM tissue, only a low molecular weight nucleic
acid smear with a mean size of 100-150 nucleotides. The sharp low molecular peak
is a reference standard. E Pseudoelectrophoretogram of RNA samples a-d; molecu-
lar weight markers are indicated
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9.3.2 Expected Results

Figure 9.2 illustrates typical pseudoelectrophoretograms obtained with
RNA samples isolated from fresh frozen and FFPE tissues by LCM. Ideally,
the intensity ratio of 28S to 18S ribosomal RNA bands should be 2.0 in in-
tact RNA preparations derived from frozen tissue. However, this is seldom

Table 9.1. Representative yields and quality of cellular RNA isolated from LCM of
fresh frozen breast epithelial tissue (tumor and nonmalignant cells). The number of
30-pm laser shots performed for each dissection is indicated; 285/18S, ratio of ribo-
somal RNA band intensities determined by Agilent RNA 6000 Nano Chip. Resulting
yields of biotin-labeled cRNA synthesized from 20 ng of each total cellular RNA,
and corresponding quality of GeneChip microarray data derived from each cRNA
hybridization are also indicated. %P, Percentage of microarray probes with a signal
that was statistically above background, as determined by Affymetrix Microarray
Analysis Suite 5.0 software. All targets were hybridized to Affymetrix U95A human
GeneChip microarrays, representing approximately 12,600 gene transcripts. Note
that RNAs with 28S/18S ribosomal ratios of less than 0.8 yield low amounts of
cRNA and poor results from microarray hybridization (samples 1, 2). In rare cases,
relatively high yields of cRNA may still result in poor results after microarray hy-
bridization (sample 3)

Sample No. of shots RNA yield 285/18S cRNA yield %P
(ng) (kg)
1 1700 30 0.7 18 14
2 2454 74 0.3 18 15
3 3467 40 1.2 40 17
4 3245 190 1.6 18 19
5 1100 40 0.2 18 23
6 4323 130 0.9 21 24
7 1097 45 1.0 20 27
8 2800 190 1.2 20 27
9 4212 100 0.9 18 29
10 5425 220 1.0 30 30
11 1700 70 0.9 18 31
12 3000 180 1.1 40 31
13 2500 130 1.3 18 33
14 3700 150 1.5 40 33
15 3400 110 0.9 24 34
16 2750 140 1.0 30 34
17 3245 190 1.6 18 35
18 1428 55 1.2 20 36
19 1500 110 0.8 24 36
20 1552 120 1.0 23 36
21 2357 40 0.8 18 38
22 3100 130 1.2 40 38

23 3300 100 1.3 40 39
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the case. Ribosomal 28S/18S band ratios may be as low as 1.0, and RNA
may still yield satisfactory microarray data (Table 9.1). Of greater impor-
tance is the presence or absence of a low molecular weight ‘smear’ below
the 18S band. The presence of such a smear suggests severe RNA degrada-
tion. Moreover, the complete absence of a 28S ribosomal band is indicative
of degraded RNA that will not perform well in microarray analysis. On the
other hand, RNA isolated from FFPE LCM tissue almost always appears as
a low molecular weight smear, with a mean size of 100-200 nucleotides.

When suspended in nuclease-free water, RNA samples with a UV 260/
280 absorbance ratio of less than 1.6 are likely contaminated with trace or-
ganics or protein, even if their electrophoresis profile appears acceptable.
This is particularly problematic when RNA is isolated by organic extrac-
tion rather than spin-column-based protocols. Trace organics or protein
contaminants can inhibit downstream enzyme reactions. Therefore, if mea-
sured 260/280 ratios are significantly lower than 1.6, RNA should be re-
precipitated.

Table 9.1 summarizes representative yields of RNA obtained from LCM
of fresh frozen tissue. Depending on the tissue and cell type dissected,
1000 laser pulses with a 30-um beam should yield 20-60 ng of total RNA.
Yields of RNA from FFPE tissues are generally comparable. Note that esti-
mation of RNA yield by electrophoresis and ribosomal band intensities
may be as much as twofold discrepant with calculated yields based on UV
absorbance or dye binding assays.

9.3.3 Troubleshooting

If RNA isolated from frozen LCM tissue is degraded or undetectable, it is
useful to examine RNA isolated from the tissue section remaining after
LCM (the ‘tissue control’). If the quality of the tissue control RNA is ac-
ceptable, this suggests that an insufficient amount of tissue was dissected
or that RNA was lost or degraded during the LCM process. If RNA isolated
from the tissue control is also degraded, consider whether the tissue was
properly preserved (i.e., snap frozen and maintained in a frozen state), the
staining procedure was not performed correctly, or RNA isolation was not
performed correctly. A single fresh frozen section from the tissue block
may be cut and placed immediately into lysis buffer. If the resulting RNA
from this tissue section is also degraded, this suggests a problem with tis-
sue preservation or RNA isolation procedure. Consider using freshly iso-
lated tissue or performing a control RNA isolation using tissue culture
cells. If RNA from the tissue block is of high quality, but post-LCM tissue
RNA is degraded, the tissue staining protocol should be re-evaluated. Make
certain that stains compatible with RNA retrieval are used (Huang et al.
2002).
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9.4 Transcript Amplification

9.4.1 Overview

Protocols for transcript amplification, cDNA synthesis and purification
(round 1), in vitro transcription and purification (round 1), cDNA synthe-
sis and purification (round 2), and biotin labeled in vitro transcription
and purification (round 2) are shown in the Protocols section
(Chap. 11.5.2.4). Because the quantity of RNA isolated from LCM (0.1-
100 ng) is at least an order of magnitude less than that required for micro-
array target labeling (1-10 pg), amplification of LCM-derived RNA is nec-
essary for most microarray platforms. RNA amplification may be per-
formed using PCR-based (exponential) or in vitro transcription-based (lin-
ear) methods. Although PCR-based methods were originally thought to in-
troduce significant amplification bias, newly modified protocols have dem-
onstrated that this approach can result in accurate representation of tran-
script pools and have been used successfully in a number of recent gene
expression profiling studies (Iscove et al. 2002; Chiang and Melton 2003).
Nonetheless, use of T7 RNA Polymerase mediated in vitro transcription as
originally described by Van Gelder et al. (1990) remains the most popular
approach for transcript amplification. Commercial reagent systems from
vendors such as Arcturus (Mountain View, CA), Ambion (Austin, TX), and
Agilent (Palo Alto, CA) are readily available, reliable, and easy to use. For
example, we routinely use the RiboAmp reagent system (Arcturus) to gen-
erate amplified targets (Luzzi et al. 2003).

The principle of T7 RNA polymerase amplification is outlined in
Fig. 9.3. Total RNA is converted into first strand cDNA using a dT-T7 RNA
polymerase promoter primer. A double-stranded cDNA is then created
using either traditional Gubler-Hoffman second-strand synthesis or by
priming with randomers. The double-stranded cDNA pool serves as a tem-
plate for in vitro transcription, where T7 RNA polymerase creates a several
1000-fold amplification of antisense (aRNA) or complementary (cRNA)
transcripts corresponding to the original cellular mRNA pool. This process
is repeated for a second round of amplification, creating first strand cDNA
using randomer priming of the aRNA, followed by second-strand synthesis
with the dT-T7 promoter primer, and then in vitro transcription using T7
RNA polymerase. The level of amplification can be adjusted by performing
a variable number of rounds of cDNA synthesis and in vitro transcription.
Starting with 10-50 ng of cellular RNA, two rounds of amplification gener-
ally produce a sufficient quantity of target for array hybridization. This
approach can be adapted to any microarray platform by incorporating di-
rect or indirect labels at the appropriate step in the protocol during in vi-
tro transcription for RNA-based targets and during cDNA synthesis for
cDNA-based targets. A protocol for transcript amplification is presented in
the Protocols Section (Chap. 11.5.2.4).
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Fig. 9.3. Outline of linear amplification procedure. Cellular RNA is converted into
first strand cDNA using an oligo-dT/T7 RNA polymerase promoter primer (1) and
double-stranded (DS) cDNA is then made using standard Gubler-Hoffman synthesis
(2). The resulting cDNA template is used for in vitro transcription to generate cRNA
(3). Amplified cRNA is converted back into first strand cDNA using random prim-
ers (4) and then into double-stranded DNA using the dT/T7 primer (5). The ampli-
fied cDNA can be used again for in vitro transcription to generate labeled cRNA tar-
get for microarray hybridization (6). Alternatively, another round of transcript am-
plification may be performed (7)

9.4.2 Expected Results

Table 9.1 provides representative data of cRNA vyields, starting with 20 ng
of total RNA from microdissected human breast epithelium. Using the pro-
tocol provided above, approximately 20 pg of biotin-labeled cRNA should
be generated for every 10 ng of input RNA. Significantly lower yields than
this suggest amplification failure. However, the total yield of nucleic acid is
not always an indicator of successful target amplification. In some cases,
perfectly acceptable yields of labeled cRNA have produced low signal inten-
sities upon microarray hybridization (Table 9.1). This phenomenon may be
due to spurious amplification of non-mRNA templates or amplification of
truncated (degraded) mRNA. Since the protocol results in truncated cDNAs
subsequent to first strand cDNA synthesis with randomers (Fig. 9.3, step
4), the average size of labeled aRNA is slightly smaller after two rounds of
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Fig. 9.4. Qualitative analysis of amplified cRNA. In lane A, 5 pg of total cellular
RNA was utilized with a single round of transcript amplification to generate labeled
cRNA. In lane B, 20 ng of the same total cellular RNA was utilized with two rounds
of transcript amplification to generate labeled cRNA. A 1-pl aliquot of each cRNA
was analyzed using an Agilent Bioanalyzer 2100 and RNA Nano Chip assay. Molecu-
lar weight markers are indicated. Note the similarity in size distribution of the
cRNA populations, with cRNA generated from two rounds of amplification being
slightly shorter

amplification as compared to a single round (Fig. 9.4). If microarray
probes (e.g., spotted oligonucleotides) are not biased toward the 3’ end of
their intended transcripts, this can result in a diminished number of posi-
tive probe signals. This is rarely the case for GeneChip microarrays and
full length spotted cDNA microarrays.

When technical replicates are performed, even from independent dissec-
tions of the same tissue, reproducibility should be comparable to tradi-
tional target synthesis methods (Luzzi et al. 2003). A representative exam-
ple of this reproducibility is illustrated in Fig. 9.5. However, compared to
standard approaches, performing subsequent rounds of transcript amplifi-
cation does introduce bias into the transcript pool (Fig. 9.5). For this rea-
son, it is highly recommended that all targets for a given experiment be
prepared in parallel using the same methodology.

9.4.3 Troubleshooting

Initially, 10 ng of control RNA (consisting of a high quality RNA source di-
luted to 10 ng/pl) should be utilized with all experimental samples for tar-
get amplification and microarray analysis. Successful amplification and hy-
bridization of the control RNA, but only a few or none of the experimental
RNAs suggests problems with RNA isolation. Qualitatively re-assess the
RNA by any of the methods discussed in Chapter 11.4.2.2. If neither ex-
perimental nor control RNAs yield successful results, the reagent most
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commonly associated with failed target syntheses is the T7T,, oligonucleo-
tide primer. Any degradation or truncated synthesis of the promoter prim-
er can destroy the T7 RNA polymerase site and result in cDNA templates
with nonfunctional transcription promoters. The primer should be HPLC-
or gel-purified to ensure that only full-length primer is used. Fresh primer
should be utilized and primer stocks should be aliquoted to avoid repeated
freeze-thaw cycles. The second most common source of systematic error is
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carry over of ammonium acetate salts from precipitation into subsequent
enzyme reactions. Be certain to centrifuge samples at room temperature
and perform thorough washings with 70% ethanol prior to drying the nu-
cleic acid pellets. Conversely, because pelleted nucleic acid is often invisi-
ble, extra care should be exercised to avoid washing away pellets.

9.5 RT-PCR Validation

9.5.1 Overview

Protocols for the RT-PCR validation are shown in the Protocols section
(Chap. 11.5.2.5). While gene expression microarrays are an excellent dis-
covery tool, their relative expense and requirement for high quality RNA
make them less attractive validation assays. Since most microarray data
sets consist of large numbers of variables (genes) with fewer numbers of
observations (samples), independent validation of candidate gene expres-
sion profiles identified by microarray analysis is almost mandatory. Quan-
titative RT-PCR (qRT-PCR) is a convenient means by which to perform val-
idation. Compared to frequently unavailable or poorly performing antibod-
ies used for immunohistochemical studies, optimized gene-specific oligo-
nucleotide primers can be readily designed and synthesized cheaply. As its
name implies, the assay is quantitative (with at least 1.5- to 2.0-fold preci-
sion) and it can be performed in a relatively high-throughput fashion. Fi-
nally, qRT-PCR is particularly suited for the analysis of small quantities of
often-fragmented RNA, such as that routinely obtained from LCM of FFPE
tissue blocks.

<

Fig. 9.5. Reproducibility and comparability of amplified RNA samples. a Two inde-
pendent LCM dissections were performed on fresh frozen human breast tissue to
isolate the same population of nonmalignant epithelial cells from serial tissue sec-
tions. RNA was extracted from each LCM specimen independently and 20 ng of
each RNA was utilized for transcript amplification and biotin labeling as described
in this chapter. Biotinylated targets were applied to Affymetrix U95A GeneChip mi-
croarrays, and the scaled signal intensity from the two replicate samples are repre-
sented as a scatter plot, where transcript signal intensity in one sample is plotted
on the x-axis and signal intensity for the same transcript in the second sample is
plotted on the y-axis. Black points represent transcripts with signals that were statis-
tically above background in one or both samples (‘P’ calls). Gray points represent
transcripts with signals that were not statistically above background in either sam-
ple (‘A calls). Diagonal lines represent limits of twofold difference in signal between
the two samples. b In this experiment, 5 ug of RNA was converted into biotinylated
cRNA using a single round of in vitro transcription while 10 ng of the same RNA
was converted into biotinylated cRNA using two rounds of in vitro transcription.
An equal amount of biotinylated cRNA was hybridized to each of two Affymetrix
U95A GeneChip microarrays. Data are represented as described in a
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“Validation” may consist of two independent or parallel processes. First,
the same RNAs utilized for initial microarray studies may be used to con-
firm patterns of gene expression with qRT-PCR (“technical validation”).
For this purpose, we routinely attempt to isolate 50-100 ng of RNA from
LCM of fresh frozen tissue. Approximately 10-30 ng of RNA is used for mi-
croarray analysis and the remainder can be used for this first set of valida-
tion studies (Fig. 9.1H). If cellular RNA is limiting, it may also be possible
to reliably utilize amplified cRNA (Fig. 9.11) for validation studies (Kab-
barah et al. 2003; Ma et al. 2003). A second, larger independent set of
RNAs not utilized for microarray analysis may also be used with qRT-PCR
to extend or refute expression patterns identified in the pilot set of samples
(“biological validation”, Fig. 9.1K). Often, this sample set may consist of
archived FFPE blocks from the surgical pathology department.

The qRT-PCR method is performed by converting LCM-isolated RNA
(either from frozen or FFPE tissue) into first strand cDNA using either an
oligo-dT, randomer, or gene-specific primer. The first strand cDNA is then
used as a template for PCR, where accumulation of the gene-specific ampli-
fication product is monitored by direct or indirect fluorescent detection.
With each subsequent PCR cycle, the amount of amplification product in-
creases and so does the fluorescence. At some cycle number, fluorescent in-
tensity exceeds an arbitrarily defined threshold. This is referred to as the cy-
cle threshold (Ct). The number of PCR cycles required to reach this threshold
is inversely proportional to the starting amount of gene-specific cDNA (and
hence RNA) template present in the reaction. By comparing normalized Cr
values between samples, the relative (or absolute) abundance of original
RNA present in the sample can be calculated (Bustin 2002).

9.5.2 PCR Assay Design

For the uninitiated, there is a plethora of options for designing qRT-PCR
validation assays. One consideration is whether to employ “one-step” or
“two-step” enzymology. In the single step protocol, RNA is converted to
cDNA (usually with a gene-specific primer) and the cDNA is then ampli-
fied in the same tube. This approach is more convenient, but offers less
flexibility. In the two-step protocol, RNA is converted to cDNA with oligo-
dT or random hexamers. The resulting cDNA is then partitioned into sev-
eral different PCR reactions, each employing a different set of gene-specific
amplification primers. In this manner, PCR assays for each transcript are
performed on the same common pool of cDNA.

There are also two basic fluorescent chemistries that may be employed
in qRT-PCR assays. SybrGreen is a dye that fluoresces when bound to dou-
ble stranded DNA. When added to a PCR reaction, increasing SybrGreen
fluorescence is proportional to accumulation of double stranded amplifica-
tion product, presumably that of the specific gene transcript to which am-
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plification primers have been designed (Morrison et al. 1998). The advan-
tage of the SybrGreen approach is that it is relatively inexpensive, requiring
only one pair of standard amplification primers. Using individual reaction
components, assays can be performed for less than 50 cents per reaction.
The disadvantage of this method is that SybrGreen lacks sequence-binding
specificity such that fluorescence from nonspecific amplification and prim-
er dimer products is indistinguishable from that generated by the se-
quence-specific amplicon. This translates into a generally lower signal to
noise ratio (particularly when using small amounts of input RNA) and a
need to carefully validate primers before using them.

An alternative to using SybrGreen dye is the use of sequence-specific flu-
orescent probes. In this approach, transcript amplification occurs through
the use of a pair of standard PCR primers, but a third fluorescent probe is
required to bind to the amplified product to generate a fluorescent signal.
This signal may be generated by polymerase cleavage of a fluorescent
quencher (i.e., Applied Biosystems’ TagMan assay) or through a conforma-
tional change of the probe upon binding to the amplified product (i.e., Mo-
lecular Beacons). In either case, the use of a third gene-specific sequence
greatly increases the specificity of the assay. Furthermore, pre-validated
primer/probe sets for many human and mouse transcripts are commer-
cially available (e.g., Applied Biosystems’ Assay-on-Demand program),
making assay set-up quick and convenient. The main disadvantage of this
approach is the expense associated with fluorescent probes. When attempting
to validate the expression pattern of 15-30 independent transcripts identified
through microarray studies, the cost is often prohibitive. Furthermore, in our
experience, while commercially prepared primer/probe sets work robustly on
nanogram quantities of RNA, they often fail to perform with RNA isolated
from LCM of FFPE tissue. A likely explanation for this anecdotal result is that
the amplicon sizes of these assays exceed the average length of cDNA gener-
ated from the highly fragmented, FFPE-derived RNA.

No matter which of the several enzyme chemistries discussed above are
employed, many vendors such as Applied Biosystems, Qiagen, Invitrogen,
and Stratagene market pre-formulated enzyme mixes to which are added
cDNA template and primer. Although convenient, these commercial re-
agents can cost two- to threefold more (US$ 0.85-1.25) per reaction, an
important consideration when attempting to validate the expression of
many genes on a large number of samples.

9.5.3 Quantification

There are three basic approaches to quantifying gene expression data from
qRT-PCR assays. The absolute copy number method uses a synthetic RNA
standard corresponding to the gene of interest (such as that created from
in vitro transcription of a cDNA expression plasmid) at defined copy num-
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bers. This RNA is used to create a standard curve that relates absolute
number of RNA molecules to Cr number and that can be used to interpo-
late the number of mRNA copies in each experimental sample. While this
approach provides the most definitive quantitative data, it is extremely la-
bor-intensive to create RNA standards for each transcript to be assayed,
particularly when many transcripts are to be examined.

A second approach relies on the generation of a relative standard curve.
Here, a reference cellular RNA is serially diluted, reverse transcribed, and
amplified to create a standard curve that relates fold dilution of input RNA
to Cr number and that can be used to interpolate the relative fold differ-
ence in transcript abundance between samples. This method is consider-
ably simpler than the absolute copy number method, but still requires a
set of standard curve reactions to be performed along with every set of ex-
perimental samples.

The simplest approach to quantifying data uses the AACr calculation
(Livak and Schmittgen 2001). In this approach, the Cr of the target gene in
the experimental sample is normalized to that of a control gene in the ex-
perimental sample, and then expressed relative to this difference in a base-
line sample. The appeal of this method is that a standard curve is not nec-
essary to express relative changes in gene expression between samples.
However, an important caveat of this approach is that the efficiency of tar-
get gene and control gene amplification must be comparable (Fig. 9.6).

9.5.4 Normalization Controls

An important aspect of qRT-PCR validation studies is the selection of an
appropriate “housekeeping gene” with which to normalize the expression
levels of target genes across samples. Practically, the purpose of a house-
keeping gene is to compensate for differences in RNA concentration and
enzyme reaction efficiency between samples and therefore, the expression
of the housekeeping gene should be invariant between all samples in the
experiment. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 18S ri-
bosomal RNA (18S), beta-glucuronidase (GUSB), and beta-actin (ACTB)
have all been used as housekeeping genes and several reports have pub-
lished compendiums of other suitable control genes (Hamalainen et al.
2001; Vandesompele et al. 2002;). In reality, the selection of an appropriate
control gene is entirely dependent upon the experimental paradigm. While
GAPDH may be a suitable normalizing transcript in some studies, expres-
sion levels can vary greatly between nonmalignant cells and more meta-
bolically active microdissected tumor cells. In practice, if QRT-PCR is being
performed to validate microarray results, it is often useful to use the mi-
croarray data itself to identify a highly and invariantly expressed transcript
in the experimental sample set. Assuming that the set of validation samples
will be of similar composition, such transcripts identified within the mi-
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Fig. 9.6. Validation of primer pairs for qRT-PCR. a PCR amplification plot obtained
from serial dilutions of cDNA standard, performed in duplicate. The ARn of Sybr-
Green fluorescence is plotted as a function of cycle number. The horizontal line in-
tersecting the four pairs of amplification plots indicates the defined fluorescence
threshold. Note a linear shift in the amplification curves as replicate samples of
cDNA containing the equivalent input RNA of 20 ng (1), 10 ng (2), 5 ng (3), and
2.5 ng (4) are amplified. A plot of log [cDNA] vs. Cr (inset) demonstrates this rela-
tionship. b Melt curve analysis of the amplicons generated in a. The derivative of
SybrGreen fluorescence is plotted as a function of increasing temperature. Note a
single and specific change in fluorescence at ~83°C, consistent with a single, uni-
form amplification product. ¢ Plots of log [cDNA] vs. Cr using a primer pair for a
normalizing control gene, “C”, and two experimental gene primer pairs, “EI1” and
“E2”. Each primer pair was tested with a serial dilution of control cDNA as de-
scribed in a. Note that the slopes of the plots for control and El primer pairs are
comparable, making the use of the AACy quantification method applicable. The
slope of the plot for E2, however, is sufficiently different so that the AACt method
should not be used
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croarray data should serve as suitable controls for qRT-PCR validation. A
protocol for RT-PCR validation is presented in the Protocols section
(Chap. 11.5.2.5).

9.5.5 Expected Results

Figure 9.6 demonstrates typical results of a primer validation experiment
performed using SybrGreen chemistry on an Applied Biosystems SDS7000
instrument. Duplicate reactions should be less than a single Cy apart. A
plot of log [input cDNA] vs. Cr for twofold serial dilutions of control
cDNA should be linear. In addition, if the AAC method is to be used for
relative quantification, the slopes of both target sequence and “housekeep-
ing” normalizing control sequence should be parallel. The Cr values for
samples at all dilutions should be less than 35 cycles. Melting curve analy-
sis should indicate a uniform amplification product. In addition, template
from the cDNA synthesis reaction in the absence of reverse transcriptase
(i.e., negative control reaction) should result in an amplification plot that
never reaches the defined fluorescence threshold and/or is suggestive of
only a nonspecific amplification product upon melting curve analysis. Doc-
umentation of these features suggests that the primer sequences are suffi-
ciently robust for quantitative analysis of the experimental LCM specimens.

When gene expression patterns defined by robust microarray data are
selected for technical validation by qRT-PCR, results should be at least

Table 9.2. Representative fold-change values in gene expression between preinvasive
(DCIS) and invasive breast tumor cells obtained from LCM of six different frozen
human breast adenocarcinoma tissue specimens. The same RNA was used for both
transcript amplification (30 ng) followed by U95A GeneChip microarray analysis,
and cDNA synthesis (50 ng) followed by qRT-PCR analysis to validate the expres-
sion pattern of three genes. Fold change in gene expression between the two differ-
ent dissected cell populations in each tumor was calculated using Affymetrix Micro-
array Analysis Suite 5.0 software for microarray data and the DDCr method (see
text) for qQRT-PCR data. Note the general qualitative concordance between methods,
but that absolute fold change is frequently underestimated by microarray analysis
relative to qRT-PCR assay (bold)

Specimen Gene A (downregulated) Gene B (upregulated) Gene C (variable)

Microarray qRT-PCR Microarray qRT-PCR  Microarray qRT-PCR

1 -3.7 -10.9 1.5 1.4 0.8 -1.8
2 -3.1 -7.4 2.1 4.7 -1.8 -1.3
3 -2.9 -2.3 2.3 7.4 2.2 1.6
4 -5.6 -15.9 2.2 4.4 -1.8 -3.3
6 -5.2 -40.6 1.3 1.2 -3.6 -52.2
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qualitatively concordant. In our experience, fold-change values identified in
microarray experiments are frequently underestimated relative to results
obtained by qRT-PCR. That is, a threefold change in gene expression iden-
tified by a microarray experiment may appear as a three to twentyfold
change in gene expression as determined by qRT-PCR (Table 9.2). As ex-
pected, these discrepancies are greatest when comparing microarray data
at the very low or very high end of signal intensity. Furthermore, unless
qRT-PCR primers are designed to the same target sequence as microarray
probes, alternative splicing of cellular transcripts may produce discrepant
data.

9.5.6 Troubleshooting

Unless using prevalidated commercial primer/probe assays, the first techni-
cal hurdle of the qRT-PCR validation process is to define a robust set of
amplification primers for the gene(s) of interest. Problematic primers are
those that yield no product (Cr>40 cycles), generate multiple products (a
complex melting curve profile), or do not perform efficiently in the range
of ¢cDNA template utilized (a nonlinear or attenuated slope of a standard
curve plot). Sometimes primers will also generate nonspecific amplification
products or (very rarely) specific amplification products with a -RT en-
zyme negative control. In this latter case, it is important to consider
whether some reagent may be contaminated with the target amplicon. It is
also possible that the primers may be amplifying trace amounts of genomic
DNA that are sometimes present in RNA preparations. When this is identi-
fied as the problem, it is generally easier to redesign one or both primers
to span a known exon junction rather than trying to treat precious LCM-
derived RNA with DNAse. Changing reaction conditions (Mg** or thermal
profile) can increase performance characteristics of some primers, but it is
often easier to simply redesign problematic primers. Fortunately, the inex-
pensive cost and rapid turnaround time of oligonucleotide synthesis greatly
facilitate this process. If several rounds of primer synthesis still do not
yield a set of primers that amplify their intended target, consider the accu-
racy of the source sequence and whether there may be some error in anno-
tation from the microarray probe sequence, to the gene annotation of the
probe, to the selection of the corresponding reference mRNA sequence, to
the accurate sequence and orientation of amplification primers. It also may
be useful to design primers to the same target sequence interrogated by
the microarray. For example, if a probeset represented on a GeneChip mi-
croarray spans a sequence of 170 nucleotides at the 3’ end of a gene tran-
script, use this 170-nucleotide sequence as the source for qRT-PCR primer
design. This strategy should eliminate the possibility of an alternate
splicing event causing discrepant results between the two assays. It is also
obviously important to perform a set of control reactions with previously
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validated primers, to ensure that the RNA and serial dilutions of cDNA
used for the validation experiments are not degraded.

In the event that validated primers perform poorly with the experimental
LCM RNA4, it may be instructive to reconfirm the integrity of the RNA and
to include appropriate RNA controls, such as diluted RNA isolated from cell
lines. We have observed that RNA and especially cDNA stored at low con-
centrations is not stable after several (more than four) freeze-thaw cycles.
Moreover, if primers are to be used with RNA extracted from FFPE tissue,
it is important that their performance is validated on FFPE tissue RNA
controls.

An inability to technically validate patterns of microarray gene expres-
sion using the same RNA in qRT-PCR is not uncommon. As discussed
above, quantitative differences in the results between the two methods may
occur if signals are not within the linear range of the microarray platform.
Qualitative discrepancies may be due to alternative splicing events that are
differentially detected by microarray probes and PCR primer sequences or
due to errors in gene annotation. However, the most common reason for
failure to validate patterns of gene expression identified by microarray
analysis is that too few microarray replicates led the investigator to inter-
pret random fluctuations in signals between microarrays as “real” changes
in gene expression. In other words, there is no substitute for primary ex-
perimental replicates.

Finally, even if patterns of microarray-based gene expression can be vali-
dated using the same RNA samples in qRT-PCR assays, this does not con-
firm the “biological” validity of the result. Since primary microarray analy-
sis may involve an often small and sometimes biased set of specimens, pat-
terns of gene expression identified in a pilot set of dissected cell popula-
tions may not be confirmed in a larger set of samples. While not so pro-
blematic for genetically defined experimental animal models, this is a for-
midable problem when dealing with the genetic and environmental varia-
bility associated with human clinical specimens. No degree of technical so-
phistication or troubleshooting can address this issue. This final level of
validation can only be achieved by careful study design, higher, more auto-
mated throughput LCM of study specimens, and most of all, perseverance.
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10 Proteomic Applications

Davip H. GEHO, LANCE A. LiorTA and EMANUEL E. PETRICOIN

10.1 Introduction

The hallmark and distinguishing feature of tissue proteomics is its focus,
namely, the direct proteomic study of patient specimens. Rapid technologi-
cal developments are enabling tissue-based proteomics to characterize dis-
tinctive proteomic features present in healthy and diseased clinical materi-
als. These proteomic efforts delve directly into clinical material, seeking pa-
tient-based information that could revolutionize clinical care by enabling
individualized molecular assessments (Liotta et al. 2001; Petricoin et al.
2002 ).

Primary defects leading to a particular disease, such as a cancer, may re-
side in the nucleic acid content of a cell. However, the downstream patho-
physiology of that disease is determined by alterations in the level of ex-
pression or behavior of the protein encoded by a gene. Chromosomal dele-
tions, rearrangements, or mutations are preserved during tumorigenesis
because the derangements generate a proteomic environment that is condu-
cive to tumor survival (Hanahan and Weinberg 2000; Hunter 2000; MacDo-
nald et al. 2001). The proteomic environment may elaborate a hyperactive
or otherwise defective signaling pathway that enables tumor cells to grow,
become motile, and metastasize. As such, diseases often thought of as hav-
ing significant genetic components, such as cancer, can be alternatively,
and fruitfully, recast as proteomic disorders. Consider the aforementioned
example. Genetic mutations can cause a cancer cell to grow in an uncon-
trolled manner through altering the behavior of a key regulatory protein.
However, alterations in a particular protein are not restricted to changes in
its polypeptide sequence, but may include posttranslational modifications
as well. Because of the posttranslational covalent addition of carbohydrates,
lipids, or phosphate groups that might aberrantly occur in proteins resid-
ing in disease environments, subtle protein-based, disease-related changes
would be missed if the evaluation of the disease were limited to a genetic
analysis. For instance, an isolated gene array analysis of cancer cells would
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not reveal the level of important posttranslational modifications, such as
phosphorylation, so critical in cell circuitry signaling (Bowden et al. 1999;
Hunter 2000; Jeong et al. 2000; Blume-Jensen and Hunter 2001; Celis and
Gromov 2003). Even if a gene array detected an increase in the transcrip-
tion of an enzyme that elaborated certain posttranslational modifications
on a protein surface, it would still not be evident which proteins were re-
ceiving the modifications and the relative proportion of proteins that were
modified.

In tissues, numerous protein-protein interactions mediate communica-
tion within a cell’s interior and also with its surrounding microenviron-
ment (Pawson 1995; Legrain et al. 2000; Liotta and Petricoin 2000; Schwi-
kowski et al. 2000; Blume-Jensen and Hunter 2001; Ideker et al. 2001; Liotta
and Kohn 2001). Protein-protein interactions carry the flow of vital signals
that orchestrate cellular behavior. These interactions, in a constant state of
fluctuation, allow information to be passed from one protein to the other.
The information is contained in modifications that occur during the pro-
tein-protein associations. These modifications include phosphorylation
and cleavage of peptide bonds, among others. The interactions can be
thought of as networks of proteins that form upon certain stimuli and dis-
sociate when the stimuli are withdrawn (Petricoin et al. 2002 c). Dysfunc-
tions in the signaling networks can drive a cell towards pathologic behav-
ior as in cancer, enabling the tumor cell to lose growth control, become
motile, and metastasize (Liotta and Kohn 2001). A fundamental goal of tis-
sue proteomics is to decipher these circuits. A comprehensive understand-
ing of how protein circuitries behave in disease states will open new doors
in revealing pathophysiological mechanisms and in therapeutic design and
implementation (Petricoin et al. 2002 c).

In health, proteins perform numerous and varied tasks that sustain cel-
lular life. In disease, pathologic protein functions may ultimately destroy
the organism. The remarkably diverse roster of cellular protein activities
include structural, enzymatic, adhesion, recognition, motility, and signal-
ing functions. The central role proteins play in cellular functions will un-
doubtedly link specific, unique subsets of the proteome to the pathophysi-
ology of most diseases, either directly or indirectly. Accordingly, under-
standing how protein populations reflect the state of health of the organ-
ism should yield rich clinical dividends, both diagnostically and therapeu-
tically. This type of analysis lies within the realm of tissue proteomics.

The interrelatedness of the tumor with its surrounding microenviron-
ment underscores the importance of studying the proteomic signatures of
disease directly in tissue specimens (Liotta and Kohn 2001). In order to
most effectively utilize the array of therapeutic agents currently available, it
would be optimal to match a drug with its complimentary target from the
initiation of therapy rather than undergoing a trial of similar, but distinct
agents that may or may not be effective in a particular individual’s unique
tumor (Karpati et al. 1999; Cheng et al. 2000; Frankel et al. 2000; Gasparini
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and Gion 2000; Brown and Kirkwood 2001; Cimoli et al. 2001; Kolonin et
al. 2001). To achieve this goal, direct evaluation of each patient’s clinical
biopsy material is required. Historically, a previous impediment to analyz-
ing tissue proteomes has been the limited amounts of patient material
available in biopsy specimens. This has been a limitation for proteomic
technologies such as electrophoresis, mass spectrometry (MS), and iso-
tope-coded affinity tagging (ICAT) (Gygi et al. 1999; Gorg et al. 2000; Gygi
and Aebersold 2000; Hanash 2000). While electrophoresis has been used in
limited clinical testing in diseases, such as sickle cell disease, high
throughput testing of heterogeneous protein mixtures for diagnostic pur-
poses requires testing platforms that can utilize the scant amounts of tissue
present in most biopsies and aspirates. Development of new microtechnolo-
gies has been mandated in order to extract the maximal amount of infor-
mation out of the limited material.

Fig. 10.1. Clinical applications of tissue proteomics. Tissue proteomics tools such as
reverse phase protein microarrays and MS pattern diagnostics can be applied to di-
agnosis and therapeutic assessments. Biopsied materials or body fluid specimens
can be profiled using these complimentary approaches, thereby enabling personal-
ized, combinatorial therapies to be employed (see color illustration at the end of the
book) (Figure from Petricoin et al. 2002 c)
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In the young discipline of tissue proteomics, two major issues are the
objects of current study. First, can direct proteomic examination of clinical
specimens be reproducibly performed in patient-care settings? Secondly, in
proteomic pattern diagnosis, do the signatures of diseased tissues effec-
tively predict clinical outcomes? These questions are currently being as-
sessed using two technological partners, namely, protein microarrays (Ge
2000; MacBeath and Schreiber 2000; Paweletz et al. 2001; Zhu and Snyder
2001, 2003; Charboneau 2002; Lal et al. 2002; MacBeath 2002; Cutler 2003;
Espina et al. 2003; Liotta et al. 2003 a; Wilson and Nock 2003) and mass
spectrometry (MS) proteomic profiling (Adam et al. 2002; Chaurand and
Caprioli 2002; Li et al. 2002; Petricoin et al. 2002a, b; Conrads et al. 2003;
Hingorani et al. 2003; Petricoin and Liotta 2003; Yanagisawa et al. 2003;
Schwartz et al. 2004; Fig. 10.1, see also color illustration at the end of the
book). These technologies are well-paired, for they explore these questions
from two different perspectives. With protein microarrays, well-defined
protein effectors of important cell signaling activity are surveyed for levels
of activity in well-defined disease states. On the other hand, MS pattern
proteomics starts with no preliminary understanding of the identity of pro-
teins that are surveyed. Coupled with bioinformatics computer programs,
MS patterns yield important diagnostic information in varying diseases
and tissue types. Rapid technical advances in diverse methodologies are
driving the field of proteomics closer and closer to clinical applicability,
the underlying goal of tissue proteomics. These technologies will help
translate proteomics into bedside applicability through defining drug tar-
gets, assessing response to treatments, and early diagnostics (Liotta et al.
2001).

10.2 Laser Capture Microdissection

A major contribution to the field of tissue proteomics was the development
of laser capture microdissection (Emmert-Buck et al. 1996). Sites of disease
within a tissue have polymorphic populations of cells, with some being
diseased cells and others surrounding stromal cells. The surrounding cells
can be epithelial, endothelial, hematopoietic, and mesenchymal in deriva-
tion. Each type of cell contributes its own unique palette of proteins into
the surrounding interstitium. In order to parse the molecular events occur-
ring within such a complex environment, it is essential to be able to purify
distinct subsets of cellular populations for study. Studies of tumor cells
grown in culture and microdissected tumor cells have demonstrated that
there are marked molecular differences generated by the two types of
growth conditions (Ornstein et al. 2000). LCM technology has been used to
define numerous new molecules that can serve as drug targets (Emmert-
Buck et al. 1996, 2000a; Ornstein et al. 2000; Knezevic et al. 2001; Wulf-
kuhle et al. 2001, 2002, 2003 b; Ahram et al. 2002; Craven et al. 2002; Jones



Chap. 10 Proteomic Applications 149

et al. 2002). LCM is an essential component in tissue proteomics and has
provided pure patient-derived specimens for both protein microarrays and
MS-based protein pattern diagnostics.

10.3 Protein Microarrays

Protein microarrays provide a high throughput means of measuring many
different tissue-derived proteins on the same surface, or microarray. Two
formats for protein microarrays have been developed (Ge 2000; Liotta and
Petricoin 2000; MacBeath and Schreiber 2000; Paweletz et al. 2001; Zhu
and Snyder 2001, 2003; Charboneau 2002; Lal et al. 2002; MacBeath 2002;
Cutler 2003; Wilson and Nock 2003; Fig. 10.2, see also color illustration at
end of book). One of them, the forward phase array, has a bait molecule
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Fig. 10.2. Protein microarrays. With forward phase arrays, a capture, or bait mole-
cule is immobilized on a substrate. Analytes in a solution are then incubated on the
array. Using another antibody, binding of analytes is determined. Alternatively, the
analyte itself may be labeled. An alternative approach is the reverse-phase array. In
this platform, analytes are immobilized directly on a substrate. Then a probed mole-
cule, such as an antibody, is incubated on the array. Following this step, the pres-
ence of the probe is detected by a labeled secondary molecule such as an antibody.
For low abundance molecules, the signal can be amplified (see color illustration at
the end of the book) (Figure from Liotta et al. 2003 a)
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attached to the array surface (Liotta et al. 2003 a). The surface is then incu-
bated with a mixture of analytes. Analytes that bind are then detected with
a labeled probe. This approach requires that two different binding mole-
cules, such as antibodies, be used in a sandwich-type assay. Finding two
antibodies with distinct epitopes on the same target analyte can be diffi-
cult, given the limited spectrum of commercially available high quality an-
tibodies.

The alternative approach is the reverse phase array (RPA; Paweletz et al.
2001; Charboneau 2002; Grubb et al. 2003; Wulfkuhle et al. 2003 a). In this
type of array format, multiple analytes, such as extracted cellular lysate
components, are immobilized onto an array surface directly. Each spot is
its own self-contained specimen, allowing multiple test spots to be probed
by an individual detection molecule on the same array. In tissue-based pro-
teomics, systems that maximize the use of limited patient material are se-
lected over systems that have higher sample requirements. In this setting,
the reverse phase array has emerged as a primary vehicle for measuring
activity levels of protein signaling pathways in tumor cells.

Reverse phase microarray technologies, though in constant state of im-
provement and development, have been reduced to basic, well-practiced
methodologies. These microarrays consist of a substrate, such as nitrocellu-
lose, silica, or nylon (Stillman and Tonkinson 2000; Tonkinson and Still-
man 2002; Espina et al. 2003), upon which proteins are applied in discrete
areas, or spots (Espina et al. 2003). The qualities of the surface of the array
should include low background and a large surface area to maximize bind-
ing of protein. Moreover, the surface chemistry should not significantly al-
ter the conformational structure of the bait molecules (Espina et al. 2003).
As a substrate, nitrocellulose offers a high surface area, low background,
and does not significantly interfere with detection of the bait molecule
(Espina et al. 2003). Nitrocellulose binds very tightly to proteins through
electrostatic interactions. Because of this, it is difficult to strip the surface
for multiple uses (Stillman and Tonkinson 2000; Tonkinson and Stillman
2002). Using arrayers such as the Affymatrix (GMS417, Affymetrix/MWG
Biotech), many replicate slides can be printed of the same clinical material.
Depending on the application, the spot may consist of a mixture of mole-
cules or a homogenous population. For clinical purposes, the spotted mate-
rial is most often a heterogeneous mixture of proteins derived from cellular
lysates harvested using laser capture microdissection.

For example, a core needle biopsy (16-18 gauge needle) from a cancer
patient is flash frozen and stored at -80°C for preservation purposes.
These biopsies yield roughly 2000-8000 cells (Espina et al. 2003). As re-
quired, proteases can be delivered to the staining elements or in extraction
buffers (Simone et al. 2000). Specimens are frozen rather than fixed in for-
malin because fixation can drastically alter the properties of proteins that
are studied using the microarray technique (Emmert-Buck et al. 2000b;
Gillespie et al. 2002; Ahram et al. 2003). The frozen material is then sec-
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tioned at 5-10 pum thicknesses, yielding frozen sections that can be stained.
Laser capture microdissection using a machine such as the AutoPix (Arc-
turus Engineering, Inc., Mountain View, CA) is then performed on the fro-
zen section material from the original biopsy that has been completely de-
hydrated using alcohol and xylene (Emmert-Buck et al. 1996, 2000b). This
allows pure populations of tumor cells or stromal cells to be procured and
studied. It is estimated that approximately 5000 cells/10 pl of lysis buffer
are required for successful array production (Espina et al. 2003). Stringent
extraction of proteins from lysed microdissected cells is required to liberate
as many proteins as is possible (see review, Espina et al. 2003).

Using an arrayer, spots comprising a minute specimen of a cellular pro-
teome are placed on the substrate surface. Spotting is often done such that
a dilution curve of lysate sample is present in triplicate on the substrate.
Because many spots can be arrayed on the same slide, it is possible to
compare a patient’s material before and after treatment with a therapeutic
agent or to compare groups of patients receiving the same treatment. For
quality control purposes, a recombinant protein, a peptide, or a reference
lysate can be spotted on the array. Such a reference allows comparisons to
be made across test samples for each of the probing antibodies. A new for-
mat for protein microarrays, the sector array, will significantly expand the
amount of information that can be gleaned from an individual microarray
slide (Espina et al. 2003). This format entails placement of a reservoir
around a substrate pad. A different antibody can be used to probe each of
the sectors. Since multiple substrate areas are present on a single array sur-
face, multiplexed probing with different antibodies can occur on the same
array surface.

After spotting, the array surface can then be probed with molecules,
such as antibodies that specifically recognize proteins of interest within the
lysate. Each slide is probed with a separate antibody, since nitrocellulose is
not amenable to stripping and reprobing. An important aspect of microar-
ray implementation is acquisition of specific ligands (antibodies) that bind
with high affinities (Templin et al. 2002). An initial step in assessing the
applicability of a particular antibody in a microarray setting is to validate
its specificity and relative affinity using a Western blot assay.

Multiple detection systems can be employed, including chromogenic,
fluorometric, radioisotopic, and luminescent systems (Espina et al. 2003; Ku-
kar et al. 2002; Liotta et al. 2003 a; Morozov et al. 2002; Wiese 2003). Because
proteins of interest are often in low abundance, amplification strategies have
been utilized in the detection arm of the assay (King et al. 1997; Schweitzer et
al. 2002). One such detection strategy is the catalyzed reporter deposition
technology (Bobrow et al. 1989, 1991; Hunyady et al. 1996; King et al. 1997;
Graf and Friedl 1999). The presence of the probe provides a signal, or a pos-
itive spot. A comparison of the degree of positive signals is made across the
array. The intensity of the probe signal is proportional to the number of la-
beled probes bound to the spot’s bait molecule (Espina et al. 2003).
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For data analysis, the array is scanned, the signal intensity is assessed,
and a normalized data value is assigned for each spot. This enables com-
parison of signal intensity across an array. Total protein present in a spot
is assessed using a SyproRuby blot assay (Molecular Probes, Eugene, OR).
This allows adjustment for variability in protein amounts in various sam-
ples harvested by LCM. Data generated from the microarray can then be
studied using the PSCAN system (Carlisle et al. 2000; Liotta et al. 2003 a).

All new technologies face challenges, and protein microarrays are no ex-
ception to this rule. For one, the proteins to be studied can vary in intra-
cellular concentrations by up to a factor of 10'°. Therefore, it is important
to develop probes, such as antibodies that will detect low abundance pro-
teins with high specificity and sensitivity. It has been estimated that sensi-
tivity within the femtomolar range is required for some signaling proteins
(Schweitzer et al. 2002). Moreover, antibodies must be developed that effec-
tively demonstrate subtle posttranslational modifications. The Human Pro-
teome Organization (HUPO) is leading an effort to produce and character-
ize antibody libraries to meet these needs (Hanash 2003; Tyers and Mann
2003). Further, cellular lysates contain molecules that can confound protein
microarray detection systems, such as peroxidases, avidin, biotin, immuno-
globulins, fluorescent molecules, and alkaline phosphatases (Espina et al.
2003).

Reverse phase arrays have a number of advantages over other array
types. For one, denatured lysates can be used in RPAs, which is not the
case for tissue arrays. On the other hand, nondenatured lysates can be used
in RPAs as well, which allow macromolecular complexes of diverse biomo-
lecular complexes that do not survive denaturants to be studied. Another
benefit of the RPA is that dilution curves are built into the spotting of the
cellular lysates. This allows the linear component of the antibody-analyte
binding event to be quantitatively ascertained. Finally, since the cellular ly-
sates in the reverse phase arrays are not labeled, the proteins of interest are
not modified, helping to generate a more reproducible assay (Petricoin et
al. 2002 c; Espina et al. 2003).

Presently, reverse phase microarrays are now being integrated into clini-
cal trials at the National Cancer Institute. Reverse phase microarrays enable
profiling of posttranslational modifications of proteins involved in signal-
ing pathways. For example, as mentioned previously, phosphorylation of
proteins is a primary means for cellular signals to be transmitted. Activa-
tion of signaling pathways can be assessed by direct comparisons of the
phosphorylated, or active, form of a signaling protein versus the total
amount of the same protein. Thus, by studying the activation state of im-
portant proteins, or “nodes”, within a signaling network, trends can be ob-
served in disease states as well as after treatments (Liotta et al. 2001; Petri-
coin et al. 2002c). As more and more pathways are described and corre-
lated with disease states, physicians will be able to employ their under-
standing of the molecular anatomy of an organism. Familiarity with the



Chap. 10 Proteomic Applications 153

signaling infrastructure of a patient’s tumor cells will enable individualized
therapeutic plans to be developed and will serve as a springboard for drug
discovery (Liotta et al. 2001; Petricoin et al. 2002c).

For example, reverse phase arrays have been applied to investigating
fundamental aspects of tumor pathophysiology. One previously addressed
question was whether premalignant transformation of cells is due to de-
creased apoptosis (via activation of apoptosis-inhibiting signaling path-
ways), or due to activation of mitogenic growth pathways (Paweletz et al.
2001). In this study using prostate cancer specimens, LCM was used to iso-
late cells from patient-matched normal epithelium, premalignant epithe-
lium, and invasive prostate cancer. Microarray analysis of the specimens
demonstrated that phosphorylation, and thus activation, of the signaling
protein Akt is a pivotal event in the development of prostate cancer. Thus,
on histopathologic slides the cell accumulations within prostate glands, or
prostatic intraepithelial neoplasia, is not caused by activation of mitogenic
pathways, but rather by activation of apoptosis-inhibiting pathways. This
study demonstrates how reverse phase protein microarrays can be used to
drive drug discovery efforts. Drugs that target Akt function might have
therapeutic applicability in treating prostatic disease.

Proteomic techniques have recently been brought to bear on other inter-
esting, unresolved areas of study. For example, tissue proteomic work has
been performed on the classical question of tumor-altered metabolism. For
the first time since Warburg’s initial work in the 1920s implicating a great-
er reliance of tumor cells on anaerobic function (Warburg et al. 1924), di-
rect comparison of some of the metabolic machinery in tumor and normal
cells has been made (Herrmann et al. 2003). Without the tissue proteomic
techniques of laser capture microdissection (LCM) and reverse phase pro-
tein microarrays, such studies would be almost impossible. Another inter-
esting area of research facilitated by advances in tissue proteomics is an as-
sessment of the proteomic content of lymph (Leak et al. 2002).

10.4 Mass Spectrometry in Tissue Proteomics

Mass spectrometry analysis of human tissues is a rapidly growing field
within tissue proteomics. MS has applicability both for biomarker discov-
ery and development of clinical diagnostics. A major focus within the field
of tissue proteomics is MS protein profiling (Paweletz et al. 2000; Stoeckli
et al. 2001; Chaurand and Caprioli 2002; Petricoin et al. 2002 a; Yanagisawa
et al. 2003; Schwartz et al. 2004). In MS pattern-based diagnostics, the pat-
tern within a mass spectra holds the diagnostic key, even without knowl-
edge of the identity of molecules generating the discriminating pattern.
This approach provides the potential for high throughput assessments
using small amounts of patient material and has been used to classify tis-
sues into groups that match previously derived histopathological diagnoses.



154  D.H. Geho et al.

MS protein pattern diagnostics have been applied to body tissues, both sol-
id tissue specimens and body fluids (Adam et al. 2002; Li et al. 2002; Petri-
coin et al. 2002b, c; Conrads et al. 2003; Hingorani et al. 2003; Petricoin
and Liotta 2003).

MS technologies include surface-enhanced laser desorption/ionization
(SELDI; Fig. 10.3, see also color illustration at end of book). With this as-
say system a subset of proteins within a heterogeneous mixture binds to a
chip surface (which has chemically based retention properties). The pro-
teins may be from a cell lysate or a body fluid specimen. Unbound proteins
are removed by washing. Proteins bound to the chip are then covered with
a matrix followed by drying and crystallization. The chip is then placed
into a vacuum chamber. A laser beam directed at the chip and the matrix
transfers energy to the protein, ionizing and desorbing it (Hillenkamp and
Karas 1990). Once an ion is launched, the time of flight required for the
ion to reach a detection element is measured generating a mass to charge
value with smaller ions reaching the detection element earlier than the
larger species.

An initial MS pattern study was performed on microdissected human
solid tumor cells (Paweletz et al. 2000). Laser capture microdissection was
used to isolate pure tumor cells. The proteins from the cells were extracted
and the lysate was dried upon a prepared surface for surface-enhanced la-
ser desorption ionization time-of-flight (SELDI-TOF) spectrometry. This
work used cellular lysates from a limited number of microdissected cells to
generate MS patterns that, when interrogated by bioinformatic programs,
distinguished early from late malignancy. MS has also been directly applied
to tissue slices, which obviates the necessity for LCM (Stoeckli et al. 2001;
Chaurand and Caprioli 2002; Yanagisawa et al. 2003; Schwartz et al. 2004).
In this technique, frozen sections of clinical specimens are dried onto a
matrix assisted laser desorption/ionization (MALDI) plate. The specimen is
then coated with an ionization matrix. After this preparation, a laser is di-
rectly applied to the specimen in a vacuum chamber. Thus, direct probing
of the tissue specimen results in the mass spectral pattern. This approach
has been used for lung and brain tumors (Yanagisawa et al. 2003; Schwartz
et al. 2004), both of which had MS patterns that bioinformatic programs
placed into tumor and normal groupings, which corresponded to previous
histologic diagnoses.

Another use of MS-based proteome diagnostics is disease detection
through assessment of body fluids, such as blood components. The
approach was first described for the serum-based diagnostic classification
of ovarian cancer (Petricoin et al. 2002b). Serum samples were subjected
to MS analysis followed by bioinformatic analysis. This approach was able
to differentiate patients with cancer from those who had no malignancy.
This technique was even able to distinguish those patients with early dis-
ease stage. This approach has been applied to numerous other disease
states as well (Adam et al. 2002; Li et al. 2002; Petricoin et al. 2002 a; Con-
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Fig. 10.3a,b. Mass spectroscopy using a SELDI-TOF format. For the sake of repro-
ducibility and high throughput testing, a robotic system delivers 1 pl of native se-
rum to a protein-binding chip surface. The surface chemistry of the chip immobil-
izes a subset of the proteins from the heterogeneous mixture (a). Unbound proteins
are removed by washing and a matrix is applied to the remaining, bound proteins
(a). After washing and drying, the chip is irradiated with a laser in a vacuum cham-
ber. The proteins, desorbed by the laser, are launched in a charged ionic state. The
length of time required for the ion to reach a detector provides a measure of the
mass to charge (m/z) value. A proteomic signature of the serum emerges comprised
of up to 15,500 data points (data readings between 500 and 20,000 m/a; b). Higher
resolution MS technologies generate many more data points (up to 400,000 data
points for an m/z range of 500-12,000). Using bioinformatics techniques, the data
can be analyzed for the presence of diagnostic serum patterns (see color illustration
at the end of the book) (Figure from Wulfkuhle et al. 2003)
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rads et al. 2003; Hingorani et al. 2003; Petricoin and Liotta 2003). Higher
resolution MS technology has recently become available that is refining
and enhancing the MS approach. These MS machines utilize hybrid quad-
ruple time of flight mass spectrometer (QSTAR pulsar i, Applied Biosys-
tems Inc., Framingham, MA) fitted with a ProteinChip array interface (Ci-
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phergen Biosystems Inc.). Systems such as these provide much richer reso-
lution, which can generate spectral patterns yielding increased sensitivity
and specificity when applied to ovarian cancer detection (Conrads et al.
2003). Even low resolution MS proteomic profiles generate massive data
sets. These require data mining by bioinformatic programs that interrogate
the data and employ pattern recognition systems (Petricoin et al. 2002b).

The proteome expressed in a disease state reflects disease-specific altera-
tions. As the proteome is turned over through enzymatic degradation, a
subset of degradation products likely seeps into the interstitium and then
into the circulation. As such, the serum represents a rich source of low mo-
lecular weight biomarkers that reflect organismal processes (Liotta et al.
2003 b; Mehta et al. 2003). Recent work indicates that these low molecular
weight biomarker molecules become associated with carrier proteins, such
as albumin, which allow them to survive renal clearance mechanisms in
the serum (Liotta et al. 2003 b; Mehta et al. 2003). As such, numerous intact
and degraded proteins comprise the serum proteome. There is reinvigo-
rated interest in characterizing the serum proteome (Tirumalai et al. 2003).
In the past, biomarker discovery focused on trying to find single markers
that distinguished normal from disease (Adam et al. 2001; Xiao et al. 2001;
Anderson and Anderson 2002; Carter et al. 2002; Kim et al. 2002; Rosty et
al. 2002). It is most likely that proteins within a cancer patient are modi-
fied forms of normal proteins. As such, defining a single marker for a giv-
en cancer may not be as fruitful an approach as seeking patterns of pro-
tein modifications that reflect the widespread effects of disease within a
patient. Because of this, abundant serum proteins, previously thought of as
contaminants, are now being sought for the cargo they carry, such as de-
graded forms of proteins carrying disease-specific alterations.

In the future, custom-designed nanoparticles will be developed that
mimic the low molecular weight molecule binding properties of native se-
rum carrier proteins (Liotta et al. 2003 b). These will be introduced into se-
rum to seek out and bind low molecular weight signatures of disease, ef-
fectively amplifying them for MS-based analysis. These particles could di-
rectly interface with MS platforms and be joined with new ultra-high reso-
lution MS such as Fourier transform ion cyclotron resonance MS (Shen et
al. 2001, 2004). This approach would allow for both the diagnostic analysis
as well as identification of the protein species contributing to diagnostic
discrimination.

Integration of MS into patient care settings will require thorough evalua-
tion of the reproducibility of the technology in diverse environments. Be-
cause body fluids are labile, uniform handling will be required for diagnos-
tic specimens as MS technology is able to detect such subtle distinctions
in structures. Reference standards must be developed for calibration of sys-
tems. For these purposes, the NCI-FDA Clinical Proteomics program uses a
pooled reference standard from NIST (SRM-1951A) applied at random on
each array.
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MS pattern-based proteomics is a high throughput technique with direct
applicability to clinical settings. For one, it could be possible to process a
vast number of samples on each MS instrument. This can be achieved even
with limited patient materials, such as a blood sample. The patterns gener-
ated by MS proteomics yield multiple potential biomarkers that provide an
increased level of discrimination when compared to a single biomarker,
which is important when dealing with large patient groups. As MS technol-
ogy develops further, it will be possible to not only generate diagnostic
patterns, but also gain identity data on particular MS ion spectra. This will
usher in a new era of biomarker and therapeutic target discovery. The hall-
marks of MS diagnostics are early detection using limited patient material,
elements that are highly desirable in clinical settings.

10.5 Conclusions

Tissue proteomics utilizes complimentary technical tools to decipher the
many roles that proteins play in diseases. This field has much broader ap-
plicability than solely creating a list of proteins found in various pathologi-
cal conditions. Rather, it has the opportunity of being directly applied
within clinical decision-making settings. Early diagnosis of disease through
evaluation of serum proteomic disease signatures could radically transform
the stage at which many diseases are detected. For example, ovarian cancer
is more often than not discovered when the disease has reached an ad-
vanced stage (Hoskins et al. 2000). At that point, the cancer cells have me-
tastasized and 5-year survival rates are dismal. On the other hand, early
stage disease can be treated effectively (Bast et al. 1983; Jacobs et al. 1999;
Menon and Jacobs 2000; Cohen et al. 2001; Wulfkuhle et al. 2003b). Ob-
viously, early, preclinical detection of ovarian cancer via serum-based MS
pattern diagnostics is an exciting alternative to diagnosis when the disease
is clinically apparent (Petricoin et al. 2002b).

Protein microarrays are paving the way for proteomic assessments of
biopsy materials in cancer patients. The goal of this work is to thoroughly
define the numerous signaling pathways that run in and out of a cell and
correlate changes in the pathways with disease entities. Understanding the
molecular anatomy of this signaling infrastructure will yield drug targets,
biomarker candidates, and prognostic information. As multiple important
signaling proteins, or nodes, within a pathway are delineated, the possibili-
ty of treating multiple nodes within a deranged signaling pathway using a
combinatorial therapy approach may yield higher efficacy and fewer side
effects (Liotta and Petricoin 2000; Schwikowski et al. 2000; Ideker et al.
2001).

The most relevant uses of tissue proteomic techniques are focused upon
patient care. A good physician understands that each patient is unique and
requires specialized care. One important aspect of each patient’s unique-
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ness has been locked away until now, namely, each patient’s molecular indi-
viduality. Tissue proteomics is unlocking this realm. Soon, it is hoped, doc-
tors will have access to the molecular anatomy of their patient’s disorder,
just as they now have access to tissue-based histopathologic assessments.
In the future, molecular anatomy profiles will enable and guide individu-
alized patient assessments and therapeutic interventions, a process enabled
by present research in tissue proteomics.
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11 Protocols for Tissue Handling
and Molecular Analysis

This section of the book details the protocols for the preparation of tissue
along with the analysis of DNA, RNA, and proteins from tissue samples.
Most of these protocols are derived from our experience at the Pathoge-
netics Unit of the National Cancer Institute. Protocols contributed from
other groups are specified.

11.1 Tissue Preparation for Prostate Prepared
as Whole-Mount

11.1.1 70% Ethanol Fixation

Materials. 70% ethanol at 4°C

Method

1.

The fixation of tissue in 70% ethanol is similar for subsequent embed-
ding in either low-melt polyester or paraffin.

. Immediately after resection, the tissue specimen is placed on wet ice or

into 70% ethanol at 4 °C.
TIP: Placement into 70% ethanol may restrict subsequent processing,
e.g., inking of surgical markings.

. Transport to the pathology department for evaluation and further pro-

cessing.

. Grossly cut the specimen into thin sections to allow rapid penetration of

fixative (maximum thickness of 3 mm).

TIP: This is particularly important for molecular profiling studies be-
cause ethanol does not penetrate tissue as rapidly as formalin and it is
critical to minimize the interval between surgical removal and cellular
fixation.

. Place in sufficiently larger container with a 10x volume of cold 70%

ethanol.

Principles and Practice

Emmert-Buck et al. (Eds.):

Dissecting the Molecular Anatomy of Tissue
© Springer Berlin Heidelberg 2005
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6.

Fix overnight at 4°C.
TIP: Small biopsy samples can be fixed for shorter time intervals, typi-
cally 4-6 h.

11.1.2 Embedding

11.1.2.1 Low-Melt Polyester Embedding

Materials

1.
2.

AN U W

70, 90, 99, and 100% ethanol
Embedding molds, super metal-based, 66x54x15 mm (Surgipath Med.
Ind. Inc.)

. Embedding hardwood block, 1.5x1.5%1.0 in. (Shandon Lipshaw)
. Microtome (Leica Microsystems Inc.)

. Positively charged glass microscope slides (Brain Research Labs.)
. Low-melt polyester (Gallard-Schlesinger Industries, Inc.)

Method

1.

Large tissue specimens (several cm size)

a) After tissue fixation in 70% ethanol, place tissue in fresh 70% ethanol
at 4°C for 2 h (x2)

b) Place tissue in 90% ethanol at 4°C for 1.5 h.

c) Place tissue in 99% ethanol at 4°C for 1.5 h.

d) Place tissue in 100% ethanol at 25°C for 2.5 h.

e) Melt the low-melt polyester at 38 °C in an incubator and prepare two
polyester : ethanol mixtures:

50:50, polyester: 100% ethanol
90:10, polyester: 100% ethanol

TIP: Do not use a microwave for heating nor exceed 45°C as these con-

ditions will alter the properties of the polyester.

f) Infiltrate tissue in the above 50:50 polyester:ethanol mixture at 45°C
for 2.5 h with agitation.

g) Infiltrate tissue in the above 90:10 polyester: ethanol mixture at 45°C
overnight with agitation. Discard unused polyester after melting and
do not reuse.

h) Transfer tissue to an embedding mold in 90:10 polyester:ethanol
mixture and chill until a pellicle has formed on the surface of the
polyester adjoining the tissue.

i) Trim the tissue block of excess polyester leaving a small margin
around the tissue.
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j) Attach the tissue block to a hardwood block by melting the back of
the tissue block with a warm spatula and firmly pressing the two to-
gether.

k) Allow the tissue block to solidify at room temperature.

1) Store tissue blocks in the refrigerator at 4 °C.

2. Small Tissue Specimens and Biopsies (mm to 2-cm size)

a) After tissue fixation in 70% ethanol, place tissue in fresh 70% ethanol
at4°Cfor1h

b) Place tissue in 90% ethanol at 4°C for 1 h.

c) Place tissue in 99% ethanol at 4°C for 1 h.

d) Place tissue in 100% ethanol at 25°C for 1 h.

e) Infiltrate tissue in 50:50 polyester:ethanol mixture at 45°C for 2 h
with agitation.

f) Infiltrate tissue in 90:10 polyester:ethanol mixture at 45°C for 1 h
with agitation.

g) Transfer tissue to plastic embedding mold in 90% polyester:100%
ethanol and chill on ice.

h) Store tissue blocks in the refrigerator at 4°C.

3. Histology Slide Cutting Procedure

a) Use a standard microtome to cut 8-um-thick sections.

b) Place sections in deionized water bath at room temperature.

c) Place the sections on positively charged glass slides and drain excess
water.

d) Dry slides for 5 min at 30°C.

e) Store slides at 4 °C until use.

11.1.2.2 Paraffin Embedding

Materials

1. Sakura FineTek V.I.P. tissue processor (Sakura FineTek Inc.)
2. 70, 80, 95, 100% ethanol

3. Paraffin wax (Paraplast; melting point 58°C)

4. Xylenes, Reagent Grade (Sigma)

5. Embedding molds

Method

1. Fix tissue overnight in 70% ethanol at 4°C.

2. Place the tissue in the tissue processor and process with the times and

temperatures described in Table 11.1.

. Embed the specimen in paraffin and block.

. Cut sections into 5-8 pm thickness.

6. Both paraffin blocks and sections may be stored at or below room tem-
perature.
TIP: Tissue processors in standard histopathology laboratories generally
include formalin fixation as the first two steps in the paraffin infiltration

> W
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Table 1. Conditions for processing tissues

Station Solution Concentration (%) Time (min) Temperature (°C)
1 Ethanol 70 30 40
2 Ethanol 80 30 40
3 Ethanol 95 45 40
4 Ethanol 95 45 40
5 Ethanol 100 45 40
6 Ethanol 100 45 40
7 Xylenes 100 45 40
8 Xylenes 100 45 40
9 Paraffin 30 58

10 Paraffin 30 58

11 Paraffin 30 58

12 Paraffin 30 58

procedure. Make certain these steps are avoided when processing tissue
intended for molecular profiling.

11.2 Slide Preparation for Microdissection
to Perform Subsequent DNA, RNA, and Protein Analysis

11.2.1 Slide Preparation for Laser Capture Microdissection (LCM)

Materials

. 70, 95, and 100% ethanol

. Xylenes, mixed, ACS reagent (Sigma)

. Deionized water

. Hematoxylin solution, Mayer’s (Sigma)

. Eosin Y solution (Sigma)

. Complete, mini-protease inhibitor cocktail tablets (Roche Corp.)
Important: For all protein analyses, dissolve one protease inhibitor cock-
tail tablet per 10 ml of each reagent except the xylenes.

AUl W~

Storage of Sections

1. Recut paraffin sections are stored at or below room temperature. Do not
deparaffinize until immediately prior to microdissection.

2. Low-melt polyester sections are stored at 4°C.

3. Frozen sections are stored at —-80 °C or below.

Methods

TIP: Use the minimal amount of staining to visualize the tissue for micro-
dissection. This will significantly improve macromolecule recovery. For ex-
ample, hematoxylin and eosin can be used at 10% of their standard con-
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centrations. Since the slides are microdissected without a coverslip, the tis-
sue is not index-matched and substantial light scattering occurs, typically
producing “dark” images. Thus, both image quality and molecular recovery
can be improved by decreasing stain concentrations.

11.2.1.1 Paraffin-Embedded Sections and Frozen Sections

a) If a paraffin-embedded section is to be stained, start from step 1.

b) If the section was frozen-embedded, melt it gently (e.g., on the back of
the hand) for approximately 30 s after removal from the freezer. This
will create a “rougher” tissue surface and allow for better adhesion to
the LCM cap. Start at step 5.

¢) Place the sections in the following solutions:

1  Fresh xylenes (to deparaffinize the sections) 5 min
2 Fresh xylenes 5 min
3 100% Ethanol 15 s

4 95% Ethanol 15s

5 70% Ethanol 15 s

6. Deionized water 15 s

7  Mayer’s hematoxylin 30s

8 Deionized water, rinse (2X) 15s

9 70% Ethanol 15s
10 EosinY 5s
11 95% Ethanol 15 s
12 95% Ethanol 15s
13 100% Ethanol 15s
14  100% Ethanol 15 s
15 Xylenes (to ensure dehydration of the section) 60 s

16  Air-dry for approximately 2 min or gently use air gun to
completely remove xylenes
17 The tissue is now ready for LCM

11.2.1.2 Low-Melt Polyester-Embedded Sections

TIP: Proceed gently when staining sections embedded in polyester wax.
Even though the sections are placed on charged slides, the tissue has a ten-
dency to detach from the slide and should be monitored carefully through-
out the staining procedure.

Place the sections in the following solutions:
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1  100% Ethanol (to remove polyester wax) 5 min
2 100% Ethanol 5 min
3 95% Ethanol 15s

4  70% Ethanol 15 s

5 Deionized water 15s

6 Mayer’s hematoxylin 30 s

7 Deionized water 15 s

8 70% Ethanol 30 s

9 EosinY 5s
10  95% Ethanol 15 s
11 95% Ethanol 15 s
12 100% Ethanol 15s
13 100% Ethanol 15 s
14  50:50, Xylenes:100% ethanol 10 s

15  The tissue is now ready for LCM

TIP: The xylene-ethanol step at the end of the procedure is critical for sub-
sequent LCM. The length of time may need to be adjusted depending on
the tissue type and goals of the study. For example, if the tissue is left in
this solution longer than 10-15 s, the tissue may detach from the slide dur-
ing dissection. Conversely, if the xylene-ethanol step is too short, the tissue
may be strongly bound to the slide and may not dissect well.

TIP: The tissue section should be completely dry before LCM. Use of an
Accuduster or similar device may facilitate drying for efficient microdissec-
tion.

11.2.2 Slide Preparation for Manual Microdissection

Materials

. 70, 95, and 100% ethanol

. Xylenes, mixed, ACS reagent (Sigma)

. Glycerol, ultra-pure (Gibco)

. Deionized water

. Hematoxylin solution, Mayer’s (Sigma)

. Eosin Y solution (Sigma)

. Complete, mini-protease inhibitor cocktail tablets (Roche Corp.)
Important: For all protein analysis, dissolve one protease inhibitor cock-
tail tablet per 10 ml of each reagent, except xylene.
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Storage of Sections

1. Recut paraffin sections are stored at or below room temperature. Do not
deparaffinize until immediately prior to microdissection.

2. Low-melt polyester sections are stored at 4°C.

3. Frozen sections are stored at -80 °C or below.
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Methods

TIP: Use the minimal amount of staining to visualize the tissue for micro-
dissection. This will significantly improve macromolecule recovery. For ex-
ample, hematoxylin and eosin can be used at 10% of their standard con-
centrations. Since the slides are microdissected without a coverslip, the tis-
sue is not index-matched and substantial light scattering occurs, typically
producing “dark” images. Thus, both image quality and molecular recovery
can be improved by decreasing stain concentrations.

11.2.2.1 Paraffin-Embedded Sections and Frozen Sections

a) For paraffin-embedded sections, start at step 1.
b) For frozen-embedded sections, start at step 4.
¢) Place the sections in the following solutions:

1  Fresh xylenes (to deparaffinize the sections) 5 min
2 Fresh xylenes 5 min
3 100% Ethanol 30 s
4  95% Ethanol 30 s
5 70% Ethanol 30 s
6 Deionized water 30 s
7  Mayer’s Hematoxylin 30 s
8 Deionized water Rinse
15 s (2X%)
9 70% Ethanol 30 s
10 EosinY 15s
11  Deionized water 30 s (2%)
12 3% Glycerol in deionized water 30 s

13 After removing the slide from the 3% glycerol step, shake
the slide in the air to remove the layer of glycerol/water

TIP: Soaking in 3% glycerol is particularly helpful in preparing the tissue
for microdissection because it renders the tissue less brittle and dissected
tissue fragments are easier to procure.

TIP: The next 5-10 min are the optimal time for microdissection. The
tissue is dry, but retains a soft consistency. If the dissection takes more
than a few minutes, the tissue will become increasingly brittle and the dis-
sected fragments may be repelled as the needle is brought in proximity to
the tissue. If the tissue becomes overly dry, resoak in the 3% glycerol/water
solution for 1-2 min.
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11.2.2.2 Low-Melt Polyester-Embedded Sections

TIP: Proceed gently when staining sections embedded in polyester wax.
Even though the sections are placed on charged slides, the tissue has a ten-
dency to detach from the slide and, therefore, should be monitored care-
fully throughout the staining procedure.

Place the sections in the following solutions:

1 100% Ethanol 5 min
2 100% Ethanol 5 min
3 95% Ethanol 30 s
4 70% Ethanol 30 s
5 Deionized water 30 s

6  Mayer’s hematoxylin 30 s
7 Deionized water 30 s

8 70% Ethanol 30 s
9 Eosin Y 15s
10  Deionized water 30 s (2%)
11 3% Glycerol in deionized water 30s

12 The tissue is now ready for microdissection

TIP: It is important to ensure that the thin coat of fluid covering the slide
after removal from the glycerol/water is removed. Dissection with this fluid
layer present results in diffusion of tissue fragments with potential to “con-
taminate” samples. In addition, dissection of the tissue under fluid produces
large strips of tissue that are not easily homogenized in extraction buffers.

11.3 Techniques for Tissue Microdissection
11.3.1 Laser Capture Microdissection

Method
1. Once the tissue has been properly processed, sectioned, and stained, it
is ready for microdissection.
2. The tissue section is placed on the stage of the laser microscope.
. A cap with attached thermoplastic film is placed onto the tissue.
4. The tissue is visualized under the microscope and an initial road map
image is taken.
5. The laser is fired repeatedly encompassing the cells to be dissected.
6. Pre-dissection image is taken.
7. The cap is lifted from the tissue removing the targeted cells from the
tissue section.
8. A post-dissection image is taken.
9. The cap with dissected cells is imaged.
10. The cap is placed into an Eppendorf tube containing the appropriate
buffer depending on the analysis being performed.

w
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TIPS:

1.

It is essential that there are no irregularities on the tissue surface or
near the area to be microdissected. Wrinkles will elevate the LCM cap
away from the tissue surface and decrease the membrane contact dur-
ing laser activation.

. Occasionally, there are subtle irregularities on the tissue surface (under

the LCM cap) that cannot be visually appreciated; however, these can
be noted by a decrease in the laser activation spot size. This can be
partially or completely alleviated by adding an extra weight to the cap
support arm, or temporarily increasing the laser power.

. Use an adhesive pad after microdissection to remove cells that may

have attached nonspecifically to the LCM cap. Place the cap on the ad-
hesive pad three separate times and then view it microscopically to en-
sure that all of the nonspecific material has been removed.

. A cap-alone control is recommended for each experiment to ensure

that nonspecific transfer is not occurring during microdissection. This
is best performed by placing an LCM cap on the tissue section being
dissected and aiming and firing the laser at regions where there are no
cells or structures present, e.g., lumens of large vessels, cystic struc-
tures, etc. (alternatively, one can place a portion of the LCM cap “off”
the tissue and target this region). The cap should be processed through
the buffer and analysis methodology being utilized in the study and
serves as a negative control.

11.3.2 Immuno-Laser Capture Microdissection

Materials

U s W N =
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. 1x phosphate-buffered saline, pH 7.4

. Acetone

. 70, 95, and 100% ethanol

. Xylenes, mixed, ACS grade (Sigma)

. DAKO Quick Staining kit (DAKO Corp.), a three-step streptavidin-bio-

tin technique with prediluted mono- or polyclonal (rabbit) primary an-
tibodies optimized for very short staining times.

. Diaminobenzidine, DAB

. Hematoxylin solution, Mayer’s (Sigma)

. Superfrost Plus glass slides (Fisher Scientific)

. Placental RNase inhibitor (Perkin Elmer, Branchburg)
. DEPC-treated H,0O (Research Genetics)

Important: Add placental RNase inhibitor to the primary antibody and
the DAB solution in a concentration of 200-400 U/ml. All solutions are
prepared with DEPC-treated water.
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Method (under RNase-free conditions)

1. Cut 8-um serial sections of snap-frozen tissue blocks on a standard
cryostat with a new disposable cryostat blade.

2. Mount the tissue sections on Superfrost Plus glass slides and store im-
mediately at -80 °C.

3. Thaw the frozen sections at room temperature for 30-60 s without dry-
ing.

4. Fix by immersing immediately in cold acetone for 5 min.

. Rinse the slides briefly in 1x phosphate-buffered saline, pH 7.4.

6. Using the DAKO Quick Staining kit, immunostain the slides by incu-
bating them at room temperature with the primary and secondary anti-
bodies and the tertiary reagent for 90-120 s each, rinsing briefly with
1x PBS between each step.

7. Develop the color with diaminobenzidine (DAB) for 3-5 min and coun-
terstain with hematoxylin for 15-30 s.

8. Dehydrate the sections sequentially in 70, 95, and 100% ethanol (15 s
each) and xylenes (twice for 2 min each).

9. Air dry.

10. The immunostained sections are then ready for LCM.
TIP: For primary antibodies other than the prediluted DAKO Quick
Staining kit antibodies, the dilutions should be determined individually.

U

11.3.3 Manual Microdissection

Method

1. Dissection is performed on a standard inverted microscope using a

30 gauge needle on a syringe as the microdissecting tool.
TIP: To stabilize the dissecting hand, the dissector should prop elbow on
a solid surface adjacent to and at the same height as the stage of the mi-
croscope. It is helpful to rest the ulnar aspect of the dissecting hand on
the stage of the microscope and move the needle into the microscopic
field, a few millimeters above the tissue. In this way, the dissecting arm
and hand can be rested on solid support surfaces.

2. While viewing the tissue through the microscope, the cell population of
interest should be gently scraped with the needle. The dissected cells will
become detached from the slide and form small dark clumps of tissue
that can be collected on the needle by electrostatic attraction. Several
small tissue fragments can be procured simultaneously. Collection of an
initial fragment on the tip of the needle will assist in procuring subse-
quent tissue. The tip of the needle with the procured tissue fragments
should be carefully placed into a small PCR tube containing the appro-
priate buffer. Gentle shaking of the tube will ensure the tissue detaches
from the tip of the needle.
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TIP: Pressing down on the shaft of the syringe to inject an air bubble
into the extraction solution helps to detach the tissue from the needle
and prevents any fragments from remaining lodged in the barrel of the
needle.

. Placement of frozen tissue sections directly on agarose-coated slides can

be helpful in maintaining enzyme stability. In addition, the agarose gels
can be prepared or soaked in custom buffers that will bathe the frozen
section prior to and during the microdissection, e.g., pH, salt concentra-
tion, proteinase inhibitors, etc., can be varied specifically for a given en-
zyme. Some members of the NCI Group also prefer to use the agarose-
coated slide microdissection approach for recovery of mRNA. Slides for
microdissection are prepared by placing 200 pl of warm agarose on
standard uncoated glass slides, covering with a glass coverslip, and al-
lowing the gel to polymerize. The glass coverslip is removed from the
slide and the frozen tissue section is immediately placed onto the agar-
ose gel. The freshly cut section should be transferred directly from the
cryostat to the agarose-coated slide.

. Microdissection can be performed similar to the method described

above. However, the dissector may find it easier to “tease” the tissue
apart since the tissue remains bathed in the fluid from the gel and can
be gently pulled apart. The tissue will also separate along tissue planes,
e.g., stroma and epithelium will easily separate from each other. The dis-
sected tissue can be gently picked up from the slide, or alternatively, the
dissector can use the needle to physically cut the agarose and procure
both the agarose and the tissue fragment together.

11.4 Processing of Microdissected Tissue
for Molecular Analysis

11.4.1 DNA-Based Studies

11.4.1.1 Protocol from Pathogenetics Unit

1.

More than 10,000 cells

a) If the amount of microdissected material is substantial (> 10,000
cells), then any of the standard procedures for isolating DNA are ac-
ceptable.

. Less than 10,000 cells

a) If the number of cells procured is minimal, e.g., dissection of pre-ma-
lignant lesions, then a simple proteinase K treatment prior to PCR is
recommended.

b) Procured cells are suspended in buffer containing 10 mM Tris-HCI,
1 mM ethylenediamine tetraacetic acid (EDTA), 1% Tween 20, and
0.1 mg/ml proteinase K, pH 8.0, and incubated overnight at 37°C.
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Longer incubation times, higher incubation temperatures, and higher
concentrations of proteinase K have been reported to improve the
quality of DNA recovered from fixed tissue sections. The sample is
subsequently boiled for 8 min to inactivate the proteinase K and the
DNA is ready for PCR analysis.
TIP: If a lesion or particular cell population containing very small
numbers of cells is desired, it is recommended that the identical le-
sion from as many consecutive histologic recuts as possible be dis-
sected to maximize the total number of cells procured.
TIP: There is no optimal number of cells that should be collected
from a microdissection since results vary significantly depending on
the tissue source. For frozen tissue approximately 20 cells/pl of ex-
traction buffer is recommended as a good starting point; however,
more cells per PCR reaction may be needed for DNA recovered from
formalin-fixed, paraffin-embedded tissue.
3. Formalin-fixed, paraffin-embedded tissue
a) PCR amplification of DNA recovered from standard formalin-fixed,
paraffin-embedded tissue is possible and allows investigators to per-
form studies on archival patient material. Studies on processed tissue
have the general advantages of abundant samples for study, high
quality of histologic detail for studying dysplastic and pre-malignant
lesions, and frequent availability of follow-up clinical information on
patients. However, these studies are often technically challenging.
The type of fixative used and the fixation time impact heavily on the
quality of the DNA recovered after microdissection, thus PCR ampli-
fication signals may be widely disparate among samples in a study.
TIP: If a sample does not initially give a PCR product, a tenfold dilu-
tion of the boiled sample may yield a strong PCR product due to di-
lution of tissue inhibitors of DNA polymerase.
TIP: Utilization of PCR primer sets that produce products in the
150-200 bp range is optimal since the DNA is often cross-linked and/
or fragmented, and larger products may not be reliably amplified.
4. Other fixatives
a) Fixatives containing heavy metals or low pH should be avoided. Non-
formalin-based fixatives generally result in recovery of better DNA
and may become increasingly important for routine processing of tis-
sue samples in the future as the field of molecular pathology evolves.
5. Timing
a) Routine care in tissue processing is also helpful, including immediate
processing of samples after surgery and slicing of tissue samples into
thin sections to allow rapid penetration of fixative. Overfixation
(>24 h) should be avoided.
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11.4.1.2 DNA Extraction (Protocol from Wistuba)

NOTE: For proteinase K digestion to extract DNA from microdissected for-
malinfixed, paraffin embedded tissue (FEPET), there are several important
issues which need to be addressed:

1. Estimate accurately the number of cells microdissected.

TIP: Although fluorometrical assessment of DNA concentration is avail-
able for minute amounts of FFPET, DNA quantitation is a very difficult
task if microdissection of small lesions have been performed.

2. Optimize the PCR protocol for the minimum number of cells that pro-
vides reproducible results.

3. The basic protocol for DNA extraction suggests a proteinase K concen-
tration of 200 pg/ml, containing 20 mM Tris (pH 8.0), 1 mM EDTA
(pH 8.0) and 0.5% Tween 20.

4. Use 5 pl of extraction buffer for each set of 200 microdissected cells. In-
cubate at 37°C for 24-48 h and heat-inactivate proteinase K in boiling
water bath for 10 min.

5. The use of DNA purification methods is optional, and they may cause a loss
of DNA if small numbers of microdissected cells are analyzed. The most
frequently used DNA purification procedures are: incubation with Chelex
(25% wi/v), ethanol precipitation with 7.5 ammonium-acetate (pH 7.4),
buffer exchange using spin columns, organic extraction with Tris-saturated
phenol-chloroform (1:1; pH 8.0), and a combination of methods (i.e., phe-
nol-chloroform with ethanol precipitation and Chelex incubation).

6. Preservation of extracted DNA at 4°C is preferred if it is to be used
within days. For longer preservation, keep samples at -20°C. DNA de-
gradation is enhanced with frequent thawing.

11.4.2 RNA Isolation
11.4.2.1 Isolation of Total RNA from Microdissected Frozen Tissue

Recovery and analysis of RNA from frozen tissue sections can be achieved
using slight modifications of standard methods. We obtain total RNA from
microdissected samples using the Micro RNA Isolation kit (Stratagene, La
Jolla, CA).

Materials
Stratagene Microisolation Kit.

Method
1. Before beginning, clean all pipettes with RNase away or a similar product.
2. Place the LCM cap in an Eppendorf tube containing 200 pl RNA dena-
turing buffer (GITC) and 1.6 pl 2-mercaptoethanol.
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Invert several times over the course of 2 min to digest the tissue.
Transfer the solution from the reagent tube to a sturdy RNase-free 1.5-
ml tube.

. Add 20 pl (0.1X volume) 2 M sodium acetate, pH 4.0.
. Add 220 pl (1x volume) water-saturated phenol (take bottom layer of

1:1 mixture).

. Add 60 pl (0.3 volume) chloroform-isoamyl alcohol.

. Shake the tube vigorously for 15 s.

. Place on wet ice for 15 min.

. Centrifuge for 30 min at 4°C to separate the aqueous and organic

phases.

Transfer upper aqueous layer to a new tube.

TIP: If any of the lower organic phase was accidentally transferred and
may be contaminating the aqueous phase, this will interfere with the
subsequent isopropanol precipitation. To remove any residual organic
material from the aqueous layer, add one volume of 100% chloroform,
mix well, and centrifuge for 10 min at 4°C to separate the aqueous and
organic phases. Transfer the upper layer to a new tube.

Add to aqueous layer, 1-2 pl glycogen (10 mg/ml) and 200-300 pl cold
isopropanol (i.e., equal volume).

TIP: Glycogen facilitates visualization of the pellet, which can be pro-
blematic when using small amounts of RNA.

Place samples at -80 °C for at least 30 min. They may also be left over-
night.

TIP: Before centrifuging, the tubes may need to be thawed slightly if
they have solidified during the isopropanol precipitation.

Centrifuge for 30 min at 4°C with cap hinges pointing outward so that
the location of the pellet can be better predicted.

Remove the supernatant and wash with 300 pl cold 70% ethanol. Spin
for 5 min at 4°C.

Remove the supernatant.

Let the pellet air-dry on ice to remove any residual ethanol (Overdry-
ing prevents the pellet from resuspending easily).

The pellet may be stored at —-80°C until use or proceed to DNase treat-
ment (below).

Optional DNase Treatment

TIP: DNAse treatment is highly recommended for microdissected cells.
Genomic DNA contamination is often problematic with these samples, pos-
sibly due to the small DNA fragments that are created during tissue proces-
sing and are difficult to purify from RNA.

1.

2.
3.

To RNA pellet, add 15 pl DEPC water and 1 pl 20 U/ul RNase inhibitor
(Perkin Elmer).

Gently mix by flicking until the pellet is dissolved.

Quickspin.
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. Add 2 pl 10xDNase buffer (GenHunter) and 2 pl 10 U/ul DNase I

(GenHunter; 20 U total).

. Incubate at 37°C for 2 h.
. Re-extract RNA by adding: 2 ul 2 M sodium acetate, pH 4.0, 22 pl

water-saturated phenol, 6 pl chloroform-isoamyl alcohol.

. Vortex vigorously for 15 s.

. Place on wet ice for 15 min.

. Centrifuge 10 min at 4°C.

. Transfer upper layer to a new tube.

TIP: If any of the lower organic phase was accidentally transferred and
may be contaminating the aqueous phase, this will interfere with the
subsequent isopropanol precipitation. To remove any residual organic
material from the aqueous layer, add one volume of 100% chloroform,
mix well, and centrifuge for 10 min at 4°C to separate the aqueous and
organic phases. Transfer the upper layer to a new tube.

Continue with RNA extraction from step 10 in Total RNA Isolation, ad-
justing the volume of isopropanol accordingly.

11.4.2.2 Protocol for Isolation of RNA from Frozen LCM Tissue
(Protocol from Watson)

1.

Prepare lysis buffer by adding 7.2 pl of 14.4 M 2-mercaptoethanol to
1 ml of denaturation solution (4 M guanidine isothiocyanate/20 mM
sodium citrate/0.5% sarkosyl). Mix well.

. Tissue microdissection is performed using the Pixcell II LCM instru-

ment (Arcturus) and CapSure LCM transfer films. When all target cells
within the transfer film area have been captured, remove the cap and
place it in a 0.5-ml microcentrifuge tube containing 100 pl of lysis buf-
fer. Invert the tube so that the lysis buffer covers the cap and incubate
at room temperature for at least 10 min to allow tissue digestion off
the cap.

. While tissue captured on the first transfer film is being lysed, place a

new film over an additional area of the section or on a new slide. Re-
peat laser capture of the desired cell populations.

. Briefly spin the first cap and tube to collect the lysis buffer and lysed

tissue. Remove the first cap and replace it with a new cap of dissected
tissue. In this manner, multiple dissections of the same target cell pop-
ulation may be pooled into a single volume of lysis buffer.

. After dissecting all areas of interest, scrape the remaining tissue from

the slide into a tube containing 100 pl of lysis buffer to serve as a posi-
tive control for RNA isolation (‘Tissue Control’).

. Transfer the tissue lysate from the 0.5-ml tube to a 1.5-ml tube. Add

2 ul of nuclease-free water and 10 pl of 2 M sodium acetate (pH 4.0).
Vortex briefly. Add 100 pl water-saturated phenol and vortex briefly.
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Add 20 pl chloroform:isoamyl alcohol (24:1) and vortex vigorously for
1 min.

. Place on wet ice for 15 min and then centrifuge at 12,000xg for 5 min

at room temperature to separate the aqueous and organic phases.

. Transfer the upper aqueous layer (~100 pl) to a new 1.5-ml tube. Add

2 pl glycogen (10 mg/ml) as a carrier to the aqueous layer and mix
well. Add 100 pl cold isopropanol and mix well. Place in a -20°C free-
zer for at least 30 min. Samples may be stored indefinitely in isopropa-
nol.

. Centrifuge at 16,000-20,000xg for 30 min at 4°C to precipitate RNA.

Carefully wash RNA pellet with 400 pl of chilled 70% ethanol. Centri-
fuge at 16,000-20,000xg for 5 min at 4°C and then remove as much
supernatant as possible without disturbing the pellet. Allow the pellet
to air dry for 5-10 min. Be certain that no ethanol is remaining in the
tube (although a small amount of water may be present). Do not allow
the pellet to over-dry as the precipitated RNA pellet may become diffi-
cult to resuspend in water. Resuspend the RNA pellet in 10 pl of nucle-
ase-free water. Do not resuspend the pellet in DEPC-treated water, Tris-
EDTA, or RNA stabilization buffers, as these may inhibit downstream
enzymatic reactions. Store the RNA at -80°C.

Note that treatment with DNase is not necessary for microarray analy-
sis and, in fact, may result in significant degradation or total loss of
RNA. Treatment with DNase is also not necessary for quantitative RT-
PCR, assuming that primers can be designed to span across exon
boundaries. In our experience, negative control reactions consisting of
cDNA synthesis in the absence of reverse transcriptase enzyme (-RT
control) seldom yield amplification signals before a cycle threshold
(Ct) of 38 cycles, indicating that amplification of contaminating geno-
mic DNA is usually not problematic.

Generation of high quality gene expression microarray data is depen-
dent upon high quality input RNA. Therefore, whenever possible, RNA
isolated from microdissected tissue should be directly assessed by UV
spectroscopy and/or electrophoresis. The Nanodrop ND-100 fiberoptic
spectrophotometer (Nanodrop Technologies, Rockland, DE) provides a
convenient means to quantify 1 pl of isolated RNA with nanogram sen-
sitivity. We also routinely use the Agilent 2100 Bioanalyzer (Agilent,
Palo Alto, CA) with RNA Nano or RNA Pico Chip microcapillary gel
electrophoresis assays. This system allows qualitative assessment and
some degree of quantification of nanogram or picogram quantities of
RNA, respectively. It also provides a convenient means to digitally ar-
chive electrophoretic images of RNA samples. However, as this
approach requires specialized and relatively expensive instrumentation,
other methods of RNA assessment may be more acceptable. For exam-
ple, small amounts of RNA may be quantified by dye-binding fluores-
cence assays (e.g., RiboGreen assay, Molecular Probes, Eugene, OR).
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Small amounts of RNA may also be qualitatively analyzed by mini-
agarose gel electrophoresis followed by staining with sensitive fluores-
cent dyes (e.g., SybrGold dye, Molecular Probes, Eugene, OR). Although
less convenient, this approach has been successfully utilized to qualita-
tively assess nanogram quantities of total RNA from microdissected tis-
sue (Kabbarah et al. 2003 from references Chapter 9). If too few cells
have been captured to analyze the microdissected RNA directly, RNA
isolated from the remaining dissected tissue section (‘Tissue Control’ -
see step 5 above) should be assessed.

11.4.2.3 Protocol for Isolation of RNA from Formalin-Fixed,
Paraffin-Embedded LCM Tissue (Protocol from Watson)

NOTE: Several methods have been published for the isolation of RNA from
FFPE tissue (Krafft et al. 1997; Coombs et al. 1999; Macabeo-Ong et al.
2002; Korbler et al. 2003 from references Chapter 9). These methods in-
volve optional pretreatment with proteinase K for varying lengths of time
and incubation temperature and/or organic extraction followed by precipi-
tation. The results of these studies provide conflicting data with regard to
the best approach for optimizing RNA yield and quality. Therefore, we rou-
tinely use a commercial reagent system from Ambion (Austin, TX), slightly
modified for processing of LCM FFPE tissue.

1. Add 20 pl of Ambion proteinase K digestion buffer and 1 pl of protein-
ase K to a 0.5-ml tube. Attach the LCM cap with tissue to the tube. In-
vert the tube to allow the digestion buffer to cover the cap and tissue.
Incubate the inverted tube at 45°C for 15-30 min. Then, briefly spin the
tube to collect the tissue lysate and remove LCM cap. Multiple caps from
one dissection may be pooled into the same volume of lysis buffer as
discussed in Sect. 11.4.2.2 above.

2. Add 120 pl of Ambion RNA extraction buffer to the tissue lysate, vortex
briefly, and transfer the resulting 140-pl volume to a 1.5-ml tube. Incu-
bate at room temperature for 5 min and then add 140 pl of acidic phe-
nol/chloroform to the sample.

3. Vortex, incubate at room temperature for 5 min, and spin at room tem-
perature for 15 min at 12,000 xg. Transfer the aqueous (upper) layer to a
new 1.5-ml tube.

4. Add 1 pl of linear acrylamide (5 mg/ml) to the aqueous sample and vor-
tex. Then add an equal volume (~140 pl) of isopropanol to the sample
and vortex.

5. Incubate at -20°C for 30 min to overnight and then spin at >16,000xg
for 30 min at 4°C.

6. Carefully decant the supernatant and wash the pellet (which may be in-
visible) with 500 pul of nuclease-free 70% ethanol. Spin again at
>16,000xg for 5 min at 4 °C.
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7. Carefully decant the supernatant and allow the pellet to air dry for no
more than 5-10 min. Resuspend the pellet in 10 ul of nuclease-free
water.

8. 1 ul of RNA may be quantified and qualitatively assessed as discussed
above in Section 11.4.2.2.

11.4.3 Protein-Based Studies
11.4.3.1 Sample Preparation for 2-D PAGE

1. To lyse a 5-8 um tissue section obtained from a paraffin-embedded
block
a) Place the tissue section in a 1.5-ml Eppendorf tube.
b) Add xylenes to cover the tissue.
¢) Vortex vigorously for ~15 s.
d) Incubate at RT for 5 min.
e) Vortex again.
f) Spin down for 3 min to pellet the tissue.
g) Remove xylenes.
h) Add 1 ml xylenes.
i) Vortex 5-10 s.
j) Spin down.
k) Remove xylenes.
1) Speed vacuum the sample for a few minutes to evaporate the remain-
ing xylene.
m) Add 400 pl isoelectric focusing buffer (IEF).
n) Vortex vigorously for 1 min.
o) Incubate for 5 min at RT.
p) Vortex vigorously for 1 min.
q) Spin sample down at 14,000xg for 5-10 min at RT.
2. To lyse a 5-8 um tissue section obtained from a polyester-embedded
block
a) Follow steps a-o above for a paraffin-embedded block section, EX-
CEPT use 100% ethanol instead of xylenes.
3. To lyse a 5-8 um frozen tissue section OR a microdissected tissue sam-
ple
a) Place the tissue section or microdissected tissue sample in a 1.5-ml
Eppendorf tube.
b) Add 400 pl IEF buffer.
c) Vortex vigorously for 1 min.
d) Incubate for 5 min at RT.
e) Vortex vigorously for 1 min.
f) Spin sample down at 14,000 xg for 5-10 min at RT.
4. To lyse a paraffin-embedded section on a slide
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Deparaffinize the tissue by immersing the slide into xylenes, twice
for 5 min each.

Allow the tissue section to dry.

Add 200 pl of the IEF buffer to the tissue and pipette up and down
several times.

Remove the buffer into a microfuge tube.

Scrape the tissue with a razor blade and transfer into the same mi-
crofuge tube.

Add 200 pl to the lysates for a total of 400 pl.

Vortex vigorously for 1 min.

Incubate for 5 min at RT.

Vortex vigorously for 1 min.

Spin sample down at 14,000 xg for 5-10 min at RT.

5. To lyse a polyester-embedded section on a slide

a)

b)

Remove the polyester by immersing the slide into ethanol, twice for
5 min each.

Repeat steps b-j, directly above, as for a paraffin-embedded section
on a slide.

6. To lyse a frozen section on a slide

a)
b)
c)

Thaw the slide to room temperature.

Immerse the tissue section into xylenes for 1 min.

Repeat steps b-j, directly above, as for a paraffin-embedded section
on a slide.

11.4.3.2 Immunoblot

1. Staining and laser capture microdissection

a)
b)

<)

Place a pellet of the protease inhibitor cocktail into each of the stain-
ing dishes.

Stain the 8-12 um frozen section via the traditional LCM H & E
staining protocol.

TIP: Hematoxylin staining decreases subsequent protein recovery and
should be avoided if possible. If hematoxylin is absolutely required
for visualization during microdissection then approximately twice as
many cells should be utilized.

Microdissect 1000-2000 cells from the stained frozen section. Limit
time spent microdissecting to 30 min or less per slide to minimize
protein degradation.

TIP: For lower abundance proteins, more cells may be required for
protein detection.
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11.5 DNA, RNA, and Protein Analysis

11.5.1 DNA Analysis

11.5.1.1 Clonality X-Chromosome Inactivation

11.5.1.1.1 Protocol from Pathogenetics Unit

Materials

1.

DNA sample (see Sect. 11.4.1).

2. Proteinase K (Sigma).

3. Proteinase K buffer (0.05 M Tris-HCL, 0.001 M EDTA, 1% Tween 20,
0.1 mg/ml proteinase K, pH 8.0) Phenol:chloroform:isoamyl alcohol
(1:1:1, v:v:v; Gibco).

4. 3 M Na acetate, pH 5.2 (Life Technologies).

5. Isopropanol.

6. Glycogen, 10 mg/ml (GenHunter).

7. 70% ethanol.

8. Buffer 1 (50 mM Tris-HCI, pH 8.0, 10 mM MgCl,, 50 mM NaCl)

9. Hha I restriction enzyme (Life Technologies).

10. REact 2 buffer (Life Technologies).

11. 10x PCR buffer (100 mM Tris-HCl pH 8.3, 500 mM KCL, 15 mM
MgCl,, 0.01% w/v gelatine, autoclaved; Perkin Elmer).

12. dNTP, each 10 mM (Perkin Elmer).

13. 7-deaza dGTP, 10 mM (Boehringer Mannheim).

14. DMSO, minimum 99.5%, GC (Sigma).

15. Forward and reverse primers, each 20 uM (Human Androgen Receptor
Gene (HUMARA) CAG trinucleotide repeat microsatellite primers are
described in Allen et. al. (1992: Am ] Hum Genet 51(6):1229-1239)

16. AmpliTaq Gold, 5 U/ml (Perkin Elmer).

17. 32°-dCTP, 20 uCi/pul (NEN).

18. Gel-Mix 6 (Life Technologies).

19. 10x TBE (1 M Tris-HCI, 0.9 M Boric acid, and 0.01 M EDTA; Life Tech-
nologies).

20. Loading dye (95% formamide, 20 mM EDTA, 0.05% bromophenol blue,
0.05% xylene cyanol).

Methods

TIP: Investigators must be especially careful when using this methodology
to analyze archival tissue specimens. Formalin-fixation in particular results
in DNA that is difficult to amplify and often produces inconsistent PCR re-
sults, including artifactual allelic loss and poor amplification of large prod-
ucts. If this technique is utilized for analysis of archival samples, we highly
recommend that replicate experiments (multiple independent dissections,
triplicate PCR reactions, etc.) be used to verify results.
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1. LCM and proteinase K treatment
a) Obtain microdissected cells using the LCM procedure.
TIP: The number of cells needed to successfully perform the assay
varies depending on the quality and processing conditions of the tis-
sue samples. 1000 cells is recommended as a good starting point.
b) Suspend approximately 1000 microdissected cells in 20 pl proteinase
K buffer.
¢) Incubate overnight at 37°C.
2. DNA purification
a) Lyse the cells overnight at 42°C, in 50 pl phenol: chloroform:isoamyl
alcohol.
b) Boil 10 min at 95°C.
c) Vortex 1 min.
d) Centrifuge 20 min at 14,000 rpm at RT.
e) Pipette upper phase into new tube and discard lower phase.
f) Add 5 pl 3 M NaAc.
g) Add 250 pl isopropanol.
h) Add 2 pl glycogen.
i) Vortex briefly.
j) Place on dry ice for 30 min.
k) Centrifuge 14,000 rpm for 30 min.
1) Add 300 pl 70% ethanol.
m) Vortex briefly.
n) Centrifuge 2 min at 14,000 rpm at RT.
o) Discard supernatant.
p) Dry pellet at RT for 5 min, or 37 °C for 2 min.
q) Resuspend the pellet in 20 pl buffer 1.
r) Incubate at 37°C for 3 min to completely dissolve the pellet.
3. DNA digestion
a) Pipette 8 pl of the resuspended DNA into a reaction tube.
b) Add 1 pl REact buffer 2.
c¢) Add 1 pl Hha L.
d) Incubate overnight at 37°C.
e) Incubate at 90 °C for 10 min.
f) Use 2 pl of this digested DNA for PCR (see below).
g) Use 2 ul of the non-digested DNA from step 2r above as a negative
control for PCR.
TIP: Parallel analysis of control DNA that is known to be from a
monoclonal population is recommended to verify the efficiency of
the restriction digest. DNA recovered from a tissue specimen that
was processed similar to the tissue sample under study is ideal.
4. PCR
Set up the following PCR reaction:
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2.0 ul
2.0 ul
0.4 pl
0.4 pul
0.4 pl
0.4 pl
0.4 pl
0.4 pl
0.2 pl
0.4 pl
1.0 ul
12 pl
Total volume=20 pl

DNA sample
10x PCR buffer
dATP

dCTP

dTTP

7-deaza dGTP
Forward primer
Reverse primer
AmpliTaq Gold
32" dCTP
DMSO
DEPC-H,0

Cycles are as follows:

Cycles Temperature (°C) Time
1 94 20 s
40 94 45 s
60 45 s
72 2 min
1 72 20 min

5. Gel electrophoresis
a) Prepare gel consisting of 6% acrylamide as in LOH protocol.

b) Add 4 pl dye to 20 ul PCR product.
¢) Denature the samples for 5 min at 94°C.

d) Load 3 pl onto gel.

e) Electrophorese at 1800 V for 1-2 h.

TIP: In clonality analysis, the PCR products are ~200 bp. Therefore,
do not overload the gel with sample and run the gel for a longer per-

iod of time to sharpen the bands and increase separation.
f) Transfer the gel to 3 mm Whatman paper and dry.

g) Perform an autoradiograph with Kodak BIOMAX film as described
in LOH protocol.
TIP: Try a short exposure (1 h) time first and only re-expose de-

pending on the results.
6. Interpretation of results

A sample is considered to be composed of a monoclonal cell population
when two alleles are recognized in the undigested DNA sample and com-

plete absence of one allele is seen in the digested DNA sample.

TIP: DNA that is recovered from microdissected samples and “semi-pu-
rified” using a one-step proteinase K buffer strategy will sometimes pro-
duce “non-specific” PCR products in addition to the true alleles. Nor-
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mal-cell DNA from archival specimens from control subjects serves as a
good comparator and can assist in interpretation of allele patterns.

.5.1.1.2 HUMARA Assay (Protocol from Wistuba)

NOTE: The most important technical issues for X-chromosome inactivation
analysis to assess clonality based on HUMARA assay are (Jovanovic et al.
2003 from references Chapter 8):

1.

11

Proteinase K denaturation after DNA extraction has to be done at 75°C,
so proteinase K is denatured while DNA is maintained in double-
stranded form for subsequent restriction digestions.

. DNA purification has been demonstrated to be important to greatly im-

prove restriction digestion.

. PCR amplifiability of DNA needs to be addressed before restriction en-

donuclease digestion.

. Between 200 and 450 ng of DNA are incubated with 40 U Hhal, 40 U

Hpall, and 40 U Mspl. The latter is an isoschizomer of Hpall, which
cleaves the CCGG restriction site within the HUMARA irrespective of
the methylation status of the internal C residue, thus serving as a posi-
tive digestion control.

. In all restriction endonuclease digestion experiments, negative and posi-

tive control reactions without enzymes and positive control reactions
using both high-quality male reference DNA and bacterial DNA are
strongly suggested.

. Restriction enzyme incubation is recommended overnight at 37°C, and

the reaction is terminated by heat-inactivating the enzyme at 70°C for
20 min.

. For HUMARA PCR amplification, the following primer sequences are re-

commended: TCCAGAATCTGTTCCAGAGCGTGC (sense) and
GCTGTGAAGGTTGCTGTTCCTCAT (antisense).

. For FFPETs, touch-down PCR protocol has been suggested. These cy-

cling conditions include 7 cycles with annealing at 67 °C, followed by 5
cycles at 65°C and 28 cycles at 63 °C.

. The methods for amplification visualization include gel electrophoresis

using radioactive isotopes or gel silver staining.

.5.1.2 Loss of Heterozygosity (LOH)

Reagents

1.

DNA sample (see Chap. 11.4.1, Processing of microdissected tissue-
DNA-based analysis)

. Proteinase K (Sigma)
. Proteinase K buffer (0.05 M Tris-HCl, 0.001 M EDTA, 1% Tween 20,

0.1 mg/ml proteinase K, pH 8.0)

. AmpliTaq Gold Buffer (Perkin Elmer)
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16.
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. dANTP mixture (Perkin Elmer)

Primers
DEPC-treated H,0

. AmpliTaq Gold Polymerase (Perkin Elmer)

. a-32"7 dCTP, 6000 Ci/mmol (NEN Dupont)

. Formamide, 99% (Fluka)

. Bromophenol blue-xylene cyanole (Sigma), reconstituted as directed in

Gel Mix-6 sequencing gel solution (Life Technologies)

. Ammonium persulfate (Biorad)
13.

10XTBE buffer (0.89 M Tris base, 0.89 M Boric acid 0.02 M Disodium
EDTA; Advanced Biotechnologies)

Acrylease (Stratagene)

Glass cleaner (e.g., Windex, Glass Plus)

95% ethanol

Equipment

. Thermal cycler (M] Research)

. Sequencing gel electrophoresis apparatus (Gibco BRL)
. High voltage power supply

. Gel dryer (Life Technologies)

. Glass plates, 31.0x38.5 cm (Life Technologies)

0.4-mm spacers (Life Technologies)

. Casting boot (Life Technologies)

. Shark tooth comb (Life Technologies)

. Small clamps

. Whatman blotting paper, 3 mm thickness
. Kodak Biomax MR or AR film

. Film cassette (Amersham Life Science)

. Film processor

Time Requirements

1.

4.
5.
6.

Gel preparation: 1.5-2 h. Polymerization requires 1 h, but may stand
overnight.

. LOH reactions: 2.5 h (approximately 1 h for setup, 1.5 h for PCR)
. High-resolution denaturing polyacrylamide gel electrophoresis: 1-3 h;

20 min for setup.

Electrophoresis time varies according to product size.
Gel drying: 1 h

Autoradiography: 1 h-2 days

Methods
TIP: Investigators must be especially careful when using this methodology

to
in

analyze archival tissue specimens. Formalin fixation in particular results
DNA that is difficult to amplify and often produces inconsistent PCR re-

sults, including artifactual allelic loss and poor amplification of large prod-
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ucts. Therefore, when this technique is used to analyze archival samples, it
is highly recommended that replicate experiments (multiple independent
dissections, triplicate PCR reactions, etc.) be used to verify results.

1. LCM and proteinase K treatment

a) Obtain microdissected cells using the LCM procedure.

TIP: The number of cells needed to successfully perform the assay varies

depending on the quality and processing conditions of the tissue sam-

ples. 1000 cells are recommended as a good starting point.

b) Suspend approximately 1000 microdissected cells in 20 pl proteinase
K buffer.

¢) Incubate overnight at 37°C.

2. Prepare the glass plates

TIP: Use Accuwipes for cleaning purposes, as they will not leave lint be-

hind and are nonabrasive.

a) Clean glass plates twice with glass cleaner.

b) Repeat using 95% ethanol.

¢) Spray small plate with Acrylease.

d) Spread Acrylease evenly using a circular motion.

e) Buff dry.

f) Quickly assemble the plates without touching the clean surface.

g) Place 0.4-mm spacers on the edges of the larger plate.

h) Place the smaller glass plate on top of the larger plate and spacers.

i) Secure the plates with a casting boot (tape or clamps may be substi-
tuted for the casting boot).

3. Polymerize the gel

TIP: Acrylamide is a neurotoxin. Be sure to wear gloves and a lab coat

when working with this substance.

a) Add 480 pl of 10% ammonium persulfate to 75 ml of Gel-mix-6.

b) Mix by inversion.

c) Hold the nozzle of the bottle at the corner of the gel cast.

d) Hold the gel cast at a 45° angle to the bench and pour the gel between
the plates (if bubbles get trapped between the plates, remove them by
tapping the outside of the plates or by tipping the plates upright).

e) Insert the straight side of the comb approximately 1 cm into the gel
(if bubbles are introduced at this point, remove the comb and use the
teeth of the comb to sweep out small bubbles).

f) Clamp the top of the plates together.

g) Allow the gel to polymerize for at least 1 h.

TIP: The gel can be left to polymerize overnight. However, if bubbles
appear, the gel has begun to separate from the plates. To minimize
separation, wrap the gel in plastic film and store at 4°C until use.

4. PCR reaction

TIP: Investigators must be especially careful when using this methodology

to analyze archival tissue specimens. Formalin fixation in particular results

in DNA that is difficult to amplify and often produces inconsistent PCR re-
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sults, including artifactual allelic loss and poor amplification of large prod-

ucts. If this technique is to be utilized for analysis of archival samples, we

highly recommend that replicate experiments (multiple independent dis-

sections, triplicate PCR reactions, etc.) be used to verify results.

a) Remove reagents from the freezer before beginning the procedure.

b) Thaw thoroughly before use.

c) Prepare all reactions on ice.

d) Prepare the reduced cytosine mixture prior to beginning the LOH re-
action setup.

e) Vortex all reagents, with the exception of Taq Gold Polymerase before
beginning the PCR reaction setup.

f) Prepare 320 pl reduced nucleotide mixture:

Reduced nucleotide mix

10 pl dATP, 10 mM

10 pl dGTP, 10 mM

10 pl dTTP, 10 mM

2.0 pl dCTP, 10 mM
288 ul DEPC-treated H,0

g) Aliquot 1 pl of each DNA sample into a separate PCR tube and set
aside.
TIP: DNA that is recovered from microdissected samples and “semi-
purified” using a one-step proteinase K buffer will sometimes pro-
duce “nonspecific” PCR products in addition to the true alleles.
Moreover, larger alleles will sometimes amplify much less well than
smaller alleles. Thus, normal-cell DNA recovered from the same tis-
sue section as the tumor DNA serves as the best control for deter-
mining the presence or absence of allelic loss.

h) Prepare sufficient volume of the reaction mixture in a separate tube
for all reaction tubes:

Reaction mixture/reaction tube

1.0 pl Taq Buffer

0.8 ul Reduced nucleotide mixture
0.2 pl Forward primer, 20 pM

0.2 ul Reverse primer, 20 pM

6.6 pul DEPC-treated H,0

0.1 pl a-32° dCTP

0.1 ul AmpliTaq Gold Polymerase

Total volume=9 pl

i) Thoroughly mix the reaction mixture by pipetting and dispense 9 pl
of the reaction mixture into each tube containing DNA sample.
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TIP: Be sure to mix the LOH reaction mixture with the DNA sample
by pipetting. This is especially critical for DNA from microdissected
samples that has been processed through a one-step proteinase K-
based “purification.”

j) Cap the reaction tubes and place them in a thermal cycler.

k) Cycle the reactions according to Tm of the specific primer set.

1) After PCR, remove the samples from the thermal cycler and dispense
2 pl of formamide/dye solution (95% formamide, 20 mM EDTA,
0.05% bromophenol blue, 0.05% xylene cyanole) into each reaction tube.

m) Store reactions at 4 °C until the gel is ready for loading.

TIP: Investigators may want to consider the “touchdown” procedure
for PCR by Don et al. (1991: Nucleic Acids Res 19:4008). Advantages
include much cleaner bands, since by starting with a high annealing
temperature of 66°C and lowering 1°C every cycle, the first PCR
products are the most specific ones. Exactly the same protocol can
be used for all primers.

. Finalize gel preparation

a) Remove the gel from the casting boot.

b) Push the spacers into the gel until they are flush with the smaller
glass plate to prevent the buffer from leaking during electrophoresis
(spacers tend to get pushed out of the gel during polymerization).

c) Place the gel in the sequencing apparatus and close the buffer release
valve.

d) Pour 500 ml of 0.5XTBE buffer into the upper chamber and 500 ml
of 1XTBE buffer into the lower chamber.

e) Remove the comb and clear bubbles from the loading area with a pi-
pette.

f) Insert the teeth of the comb approximately 1 mm into the gel.

g) Pre-heat the gel at 1700 V for 15-20 min.

. Gel loading

a) Remove the samples from the freezer.

b) Denature the samples in a thermal cycler at 95°C for 5 min.

¢) Remove samples from the thermal cycler and immediately place on
ice, with an ice pack on top of the samples, for 1 min.

d) Turn off the power supply.

e) Adjust comb if it has been pushed out of the gel during pre-heating.

f) Load 4 pl of each sample per well.

TIP: It is best to skip lanes to avoid contamination caused by leaking
between the wells.

g) Run the gel at 1700 V for 1-2 h (running time based on PCR product
size).

. Separate the gel

a) Turn off the power supply.

b) Drain buffer chambers (buffer must be disposed of in a liquid radio-
active waste carboy).



190  Chap. 11 Protocols for Tissue Handling and Molecular Analysis

¢) Remove the gel from the sequencing apparatus.

d) Separate the plates by removing the spacers and inserting the tips of
two thin spatulas in their place.

e) Gently lift the spatulas until the top plate separates from the lower
plate and gel.

f) Place Whatman paper on the gel.

g) Slowly peel the Whatman paper and gel off the glass plate.

h) Cover the gel with plastic wrap and dry on a gel dryer for 1 h.

8. Autoradiography

a) Remove the plastic wrap from the gel.

b) Place the gel in an autoradiography cassette.

c) Expose film 1 h-2 days using Kodak BioMax MR or AR film.
TIP: Use MR film for maximum resolution of bands. An intensifying
screen is useful when analyzing PCR products from small numbers of
microdissected cells.

11.5.1.3 DNA PCR Amplification (Protocol from Wistuba)

NOTE: There is abundant scientific literature regarding PCR amplification
of DNA from formalin-fixed, paraffin-embedded tissue, therefore few basic
practical key aspects of this procedure are summarized:

1. Quality of the DNA extracted from FFPETs for PCR amplification de-
pends on number of cells microdissected, and characteristics and dura-
tion of fixation (buffered formalin and no more than 24-48 h is desir-
able). If archival material is examined, a test for PCR amplification of
the DNA should be performed using as a target a standard DNA se-
quence (i.e., f-goblin gene sequence; Sato et al. 2001 from references
Chapter 8).

2. There are different types of PCR approaches available. Due to the small
amount and the poor quality of DNA available, a two-round PCR
approach is suggested. To maximize the use of the minute amounts of
DNA obtained from microdissection, especially from preneoplastic le-
sions, multiplex PCR can be performed in the first round. In a multiplex
PCR, several sequences are amplified (6-8) during the same reaction
PCR, usually followed by uniplex PCR amplifying individual sequences
(Peng et al. 1994 from references Chapter 8). In addition, nested or
semi-nested designed primers can be utilized to optimize amplifications
in a two-round PCR setting (Sugio et al. 1994; Kishimoto et al. 1995
from references Chapter 8).

3. As it has been established that formalin fixation and paraffin embedding
produce fragmentation of the DNA in small fragments, primers have to
be selected and designed for a PCR amplicon smaller than 250 bp (Le-
grand et al. 2002 from references Chapter 8).
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11.5.1.4
Analysis of Microsatellite Markers (Protocol from Wistuba)

The basic PCR reaction used by us for amplification and electrophoresis
analysis of polymorphic microsatellite DNA sequences in our LOH and
MSI studies is summarized:

1.

Nested PCR or two-round PCR (using the same set of primers in two
consecutive amplifications) methods can be used. Multiplex PCR is per-
formed during the first amplification, followed by a dilution step and
consecutive uniplex PCR for an individual set of primers. In a multiplex
PCR, several microsatellite sequences are amplified (6-8) during the
same reaction.

. If a multiplex PCR reaction is utilized, “hot-start” and “touch-down”

PCR methodologies are recommended. We have obtained the best multi-
plex amplification results by using Taq polymerase systems that include
a “hot-start” PCR approach (Wistuba et al. 1998; Wistuba et al. 2001
from references Chapter 8).

. Volumes of 50 pl may be used for each multiplex reaction, containing

20 mM Tris (pH 8.3), 50 mM KCl, 2.5 mM MgCl,, 400 pM of each deox-
ynucleotide triphosphate (dATP, dCTP, dGTP, dTTP), 0.5 pM of each for-
ward and reverse primer, and 3.5 units of Taq polymerase.

. The minimum number of microdissected formalin-fixed and paraffin-

embedded cells needed for successful amplification of several markers in
multiplex PCR is 100-200.

. “Touch-down” PCR, which consists of decreasing the annealing tempera-

ture in the first cycles (i.e., cycles 3-10), allows the combination of sev-
eral primer sets with different ranges of annealing temperatures in a sin-
gle (multiplex) reaction (Don et al. 1991; Wistuba et al. 1998 from refer-
ences Chapter 8). For the multiplex PCR reaction, a “touch-down” PCR
is strongly recommended. After the initial denaturation at 94°C for 10-
12 min (depending on Taq polymerase system used), several (i.e., 11)
cycles each consisting of denaturation at 95°C for 20 s, annealing at 65-
56 °C for 55 s and extension at 72°C for 20 s can be performed, followed
by an additional 24 cycles which include denaturation at 90°C for 20 s,
annealing at 55°C for 20 s and extension at 72 °C for 20 s.

. Then, the first PCR product is usually diluted 1:10 in double-distilled

sterile water and used for the second PCR reaction, which can be per-
formed in a 10-pl reaction volume containing 20 mM Tris (pH 8.3),
50 mM KCl, 1.5 mM MgCl,, 200 uM of each deoxynucleotide triphos-
phate (dATP, dCTP, dGTP, dTTP), 0.5 uM each of forward and reverse
primer and 0.25 units of Taq polymerase.

. The methods of amplification visualization include gel electrophoresis

using radioactive isotopes or silver staining, and more recently, auto-
mated sequencing equipment using fluorescent labeling.
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11.5.1.5 Single-Strand Conformation Polymorphism
(Protocol from Wistuba)

The basic methodological considerations for SSCP analysis from formalin-
fixed, paraffin-embedded tissue are the following:

1.

Intron primers flanking the exonic sequence of interest are frequently
designed to bracket relatively short DNA fragments (smaller than
250 bp), thus allowing the detection of mutations at intron-exon junc-
tions. If an exonic sequence is relatively large, two or more sets of prim-
ers need to be designed.

. Nested or two-round (using the same set of primers in two consecutive

amplifications) PCR methodology may be used. Moreover, a multiplex
PCR protocol may be designed for the first round amplification.

. The methods for amplification visualization include radioactive isotopes

or gel electrophoresis silver staining.

. SSCP analysis is done by heat-denaturing PCR products at 95°C for

5 min followed by quick chilling on ice, and electrophoresis in nondena-
turating polyacrylamide gels using several conditions, ideally in dupli-
cate (i.e., room temperature/cold room, and with/without 10% glycerol).

. Sample electrophoresis mobility should be compared with PCR products

from control samples having wild and mutant sequences. Moreover,
DNA extracted from normal tissues from the same individual tested is a
good control for electrophoresis band mobility analysis.

. For abnormal SSCP band confirmation of mutation, sequencing must be

performed. Briefly, the abnormal PCR-SSCP product is excised from the
gel, eluted, re-amplified by PCR and purified by running in an agarose
gel. After gel extraction procedure, the obtained DNA is subject to se-
quence analysis using manual or automated sequencing.

11.5.1.6 Restriction Fragment Length Polymorphism
(Protocol from Wistuba)

The most important methodological issues to consider when applying this
methodology to formalin-fixed, paraffin-embedded tissues are:

1.

PCR product availability has to be checked before restriction enzyme in-
cubation.

. The PCR product must be purified or cleaned before the use of the re-

striction enzyme in order to allow the correct enzymatic activity.

. Negative and positive control digestions using reference-amplified wild-

type and mutant DNAs is strongly recommended to monitor the efficacy
of the restriction enzyme digestion.

NOTE: Reproducibility of RFLP experiments needs to be addressed in
addition to confirmation of mutated samples by sequencing.
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11.5.1.7 Gene Methylation Analysis (Protocol from Wistuba)

For methylation-specific PCR (MSP) analysis using formalin-fixed, paraf-

fin-embedded tissue samples, several modifications to the basic protocols

have been suggested (Lee et al. 2002; House et al. 2003 from references

Chapter 8):

1. One pg of tissue DNA should be treated with sodium bisulfite according
to the appropriate protocols previously described (Lee et al. 2002; House
et al. 2003 from references Chapter 8) to convert unmethylated cytosine
to uracil.

2. The bisulfite-treated DNA needs to be column-purified over any DNA
clean-up resin-based system, and then ethanol precipitated.

3. A nested two-step PCR approach in order to increase the sensitivity of
detecting allelic hypermethylation at targeted sequences. It is highly re-
commendable to use a Taq polymerase system that includes a “hot-start”
PCR approach.

4. A multiplex PCR protocol can be also designed to maximize the FFPET-
extracted DNA. If multiplex PCR is used, step one of the nested MSP
could be carried out with primer sets (sense and anti-sense) for up to
four individual genes in each reaction. Step one primers flanked the
CpG-rich promoter regions of the respective targeted genes. Hence, these
primers did not discriminate between methylated and unmethylated nu-
cleotides following bisulfite treatment.

5. PCR products of step one are diluted 1:1000 and subjected to the second
step of MSP that incorporated one set of primers for each gene [labeled
as unmethylated (U) or methylated (M)] designed to recognize bisulfite-
induced modifications of unmethylated cytosines.

6. DNA isolated from normal peripheral lymphocytes from healthy indivi-
duals may serve as a negative methylation control. Human placental
DNA treated in vitro with SssI methyltransferase to create completely
methylated DNA at all CpG-rich regions may serve as positive methyla-
tion control.

7. Products are analyzed on polyacrylamide or agarose gel electrophoresis.

11.5.1.8 Genotyping Assay of the D310 Repeat (Protocol from Wistuba)

1. At least 200 microdissected nuclei are used to amplify the D310 repeat
from paired normal stromal cells and tumor/epithelial samples.

2. The primer sequences are 5 ACAATTGAATGTCTGCACAGCCACTT-3'
(sense) 5’GGCAGATGTGTTTAAGTGCTG-3' (antisense).

3. A two-round PCR strategy may be utilized to amplify the D310 repeat
from FFPETs. The PCR conditions used are 35 cycles using 60°C as an-
nealing temperature.

4. The methods for amplification visualization include gel electrophoresis
utilizing radioactive isotopes or silver staining visualization.
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11.5.1.9 In Situ Hybridization Protocol for Cytomegalovirus
(Protocol from Gonzdlez)

. Melt paraffin in the oven for 90 min at 60-70 °C.

. Dewax sections in xylene 5 min, three times with slow shaking.

. Rehydrate sections in ethanol 100% 1%, 95% 1x, 80% 1Xx.

. Rinse in distilled water 2 min.

. Pepsin digestion 10 min at 37 °C.

. Pepsin solution: 70 mg pepsin in 70 ml distilled water preheated to

37°C.

7. Post-fix immediately in paraformaldehyde 4%, 5 min at room tempera-
ture.

8. Wash in PBS-Triton, 3 min.

9. Incubate in glycine 10 mg/ml in PBS, 5 min, 37°C.

10. Rinse in distilled water 1 min.

11. Dehydrate sections in ethanol 80% 1X, 95% 2%, 100% 2X.

12. Allow to dry at room temperature.

13. Incubate slides with CMV biotin probe diluted in hybridization mix.
Hybridization mix: 45% formamide, 5xSSC, 25 mM/L sodium phos-
phate pH 6.5, 1xDenhardt’s solution, 250 mg/ml salmon sperm DNA,
10% dextran sulfate, distilled water, 1 mg/ml CMV probe.

14. Denature DNA by placing sections in a waterbath at 92°C+2°C for
10 min.

15. Hybridization: may proceed at room temperature for 3 h or longer.
Good results are obtained with 2 h at 37°C followed by hybridization
at room temperature overnight.

16. Remove coverslips by rinsing in 2xSSC.

17. Post-hybridization washings:

O\ Ul i W N —

2xS8SC +0.1% SDS 2X 3 min
0.1xS8SC +0.1% SDS 2X 3 min
2x8SC +0.1% SDS 1x 1 min

18. Block with 3% BSA in PBS-Triton, 10 min at 37 °C. Add 300-500 pl to
each section.

19. Rinse with PBS and dry.

20. Incubation with SA-AP conjugate (streptavidine-alkaline phosphatase).

21. Rinse with PBS.

22. Wash slides with PBS-Triton solution, 3 min, three times with slow
shaking.

23. Wash slides with PBS, 3 min, three times with slow shaking.

24. Wash slides with AP 9.6 solution, 3 min, three times with slow shak-
ing.

25. Develop in NBT/BCIP solution.

26. Mount with Kayser’s glycerol jelly.
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11.5.2 RNA Analysis
11.5.2.1 Gene-Specific RT-PCR

11.5.2.1.1 Reverse Transcription

Reagents

. DEPC-dH,0 (Research Genetics)

. RNase inhibitor, 20 U/ul (Perkin Elmer)

. dANTP, 250 uM (GenHunter)

. First-strand buffer (Life Technologies)

. Random hexamer primers, 50 mM (Perkin Elmer)

. Superscript II (SSII) reverse transcriptase (Invitrogen)
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Method

The protocol below may be used for amplifying individual transcripts from
RNA recovered from microdissected cell populations as described in RNA-
Based Studies of Microdissected Tissues.

TIP: The number of cells needed to perform gene-specific RT-PCR from
microdissected samples is highly dependent on the quality of the tissue
sample and the abundance level of the transcript(s) of interest. One thou-
sand cells are recommended as a good starting point for gene-specific RT-
PCR studies. However, reliable amplification can frequently be achieved
using substantially fewer cells.

. To RNA pellet, add 10 ul DEPC-H,0 and 1 pl RNase inhibitor.

. Resuspend the RNA pellet with gentle tapping.

. Quick spin.

. Aliquot 5 pl into 2 sterile tubes for (+) and (-) RT reactions.

. For each batch of samples, prepare additional control tubes as follows,
using either high-quality RNA or DEPC-dH,0 in place of the 5-pl sam-
ple of RNA:

U W N =

Control type (+) RT (-) RT
Positive High-quality RNA High-quality RNA
Negative DEPC-dH,0 DEPC-dH,0

6. Prepare a sufficient volume of the following +RT master reaction mix-
tures for all reaction tubes.

(+) RT master reaction mixture/tube

1.0 pl DEPC-dH,0

2.0 ul First-strand RT buffer

1.0 ul dNTP

0.5 pl Random hexamer primers

Total volume=4.5 pl
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(-) RT master reaction mixture/tube

1.5 ul DEPC-dH,0

2.0 ul First-strand RT bulffer

1.0 pl dNTP

0.5 ul Random hexamer primers

Total volume=5.0 p

7. Aliquot either 4.5 or 5.0 ul of the relevant mastermix to the (+) and
(-) RT tubes.
8. Incubate at 65°C for 5 min, then at 25°C for 10 min.
9. Add 0.5 pl SSII to all (+) RT tubes only.
10. Incubate all tubes at 25°C for 10 min, then at 37 °C for 40 min.
11. Incubate at 95°C for 5 min to denature the SSII.
12. Quick spin.

11.5.2.1.2 Polymerase Chain Reaction (PCR)

Reagents

1. Advantage 2 Polymerase Mix, containing Taq polymerase and PCR buf-
fer (Clontech).

. dNTP, 25 uM (GenHunter).

. Forward primer, 10 uM.

. Reverse primer, 10 uM.

. dCTP a-33P (or a-32P) (10 mCi/ml).

. DEPC-dH,0 (Research Genetics).

. High density TBE sample buffer, 5x (Novex).
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Method
TIP: As with any PCR reaction, it is good practice to run duplicate or tri-
plicate samples to ensure the validity of the PCR result.
TIP: Components and cycling will depend on individual template and
primers.
1. Aliquot 3 pl of each cDNA sample into a sterile PCR tube.
2. Prepare sufficient volume of PCR master reaction mixture for all reac-
tion tubes and add 7 pl to each tube.

PCR master reaction mixture/tube

1.0 ul PCR Buffer

0.8 ul dNTP

0.2 ul Forward primer

0.2 ul Reverse primer

0.2 ul dCTP a-*P (or a-**P) see TIP below
0.2 pl Taq DNA polymerase, 5 U/pl

44l DEPC-dH,0

Total volume=7 pl
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TIP: The PCR protocol presented here includes incorporation of radioactiv-
ity into the PCR products. Radioactivity is necessary for visualization on a
denaturing acrylamide gel for low abundant transcripts or when PCR prod-
uct patterns are complicated (i.e., polymorphic markers for LOH). The
amount of radioactivity used in the above protocol often results in visible
products in less than 2 h exposure. For abundant mRNAs, it may be possi-
ble to discern products on an ethidium bromide-treated agarose gel (re-
place **P or *’P volume with water).

3. PCR Cycling Conditions:

Cycles Temperature EC) Time

1 95 2 min

35 95 15s
X* 45 s
72 5 min

1 72 10 min

X* is annealing temperature, dependent on the primer used.

. Store the PCR products at 4°C or continue to step 5.

. Pour a 6% polyacrylamide sequencing gel while the PCR is cycling.

. After cycling is complete, add 2.5 pl sample buffer (5x) to samples.

. Denature samples at 95°C for 3 min and place directly on ice.

. Load 3.5-pl sample on gel and run at 1600 V to desired distance.

. Dry gel and expose to phosphoimager screen or film as described under
LOH protocol.
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11.5.2.2 Targeted Differential Display

Materials

. Stratagene RAP-PCR Kkit.

. 5X RT buffer (GenHunter).

. ANTP, 250 uM (GenHunter).

. dNTP, 25 uM (GenHunter).

. RNase inhibitor (Perkin Elmer).

Random hexamer primers (Perkin Elmer).

MMLYV reverse transcriptase, 100 units/ul (GenHunter).

. 10x PCR buffer (Perkin Elmer).

. AmpliTaq DNA polymerase (Perkin Elmer).

. DEPC-H,0.

. 3 M Na acetate, pH 5.2 (Life Technologies).

. 100% ethanol.

. 2X loading dye (95% formamide, 20 mM EDTA, 0.05% bromophenol
blue, 0.05% xylene cyanol).

— = =
W N = O o
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Methods
Important: Under sterile, RNase-free conditions

in

NOTE: The protocol was utilized to screen for tumor-specific alterations
transcript levels using a variety of screening approaches and primer

combinations, including the RAP-PCR arbitrary primers from Stratagene
and degenerate primers directed against known protein motif DNA se-
quences. Exact conditions must be determined for each differential display
study depending on the number of cells utilized, the primer sets, and the
number of transcripts the investigator wishes to screen.

11
1.
2.
3.

.5.2.2.1 Microdissection and RNA Isolation

Use frozen sections cut to a thickness of 12 pm.

Dissect approximately 5000-10,000 cells.

Complete the microdissection within 30 min of preparation of the tissue
sections.

. Isolate total RNA, as from protocol in RNA-based studies of microdis-

sected tissues.

TIP: Only use cells from frozen tissue that is extremely well-preserved.
TIP: If anchored, oligo-dT-based differential display is to be performed
(e.g., with the GenHunter kit), it is recommended to start with RNA re-
covered from a substantially larger number of microdissected cells.

11.5.2.2.2 Reverse Transcription

1.
. Resuspend the RNA pellet with gentle tapping.

. Quick spin.

. Aliquot 12 pl into 2 tubes for the (+) and (-) RT reactions.

. Prepare additional control tubes using the following in place of the

Ul W N

Add 24 pl H,0 and 1 pl RNase inhibitor, 20 U/pl, to RNA pellet.

sample RNA:

a) A positive control prepared with known, high-quality RNA.

b) A negative control prepared from either a LCM cap containing no
tissue or RNase-free water.

c) Prepare a sufficient volume of the following reaction mixture for
each tube:

Reaction mixture/tube

4 ul 5% RT buffer
2 ul dNTP mix (250 pM)
1l Random hexamer primers

Total volume=7 pl

6. Add reaction mixture to each tube in steps 3 and 4.
7. Incubate 10 min at 25°C.
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8. Add 1 ul MMLV reverse transcriptase to the (+) RT tube and the posi-
tive and negative controls.
9. Add 1 pl water to the (-) RT tube.
10. Incubate 10 min at 25°C.
11. Heat 40 min at 37 °C.
12. Heat 5 min at 95°C.
13. Store the cDNA at -20°C until use.

11.5.2.2.3 PCR

TIP: Investigators must be especially careful when using this methodology
to analyze archival tissue specimens. Formalin fixation in particular results
in DNA that is difficult to amplify and often produces inconsistent PCR re-
sults, including artifactual allelic loss and poor amplification of large prod-
ucts. If this technique is to be utilized for analysis of archival samples, we
highly recommend that replicate experiments (multiple independent dissec-
tions, triplicate PCR reactions, etc.) be used to verify results. Prepare suffi-
cient volume of reaction mixture for all tubes:

Reaction mixture/tube

1.0 pl 10X PCR Buffer

0.8 pl dNTP mix (25 pM)

0.2 pl Forward primer, 25 pM (see TIP 1)
0.2 ul Reverse primer 25 pM

0.2 ul P or **P, 20 mCi/ml,

0.2 ul AmpliTaq DNA polymerase, 5 U/ul
6.9 ul dH,0

Total volume=8.5 pl

1. Add 1.5 pl ¢cDNA (or DNA) from step 13 to each tube.
2. Add reaction mixture to each tube.
3. PCR cycling conditions in a PE 9600 thermocycler (see TIP 2)

Cycles Temperature (°C) Time (min)
1 94 2
35 94 0.5
50 0.5
72 2
1 94 2

TIP 1: In the published work cited above (Chuaqui et al. 1997: Urology
Aug;50(2):302-307), degenerate primers directed against zinc finger motifs
were used in conjunction with Stratagene’s RAP-PCR arbitrary primers. To
generalize this protocol, the PCR primers are written as forward primer
and reverse primer. Please refer to the Stratagene protocol for more details.
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TIP 2: The times and temperatures given above are samples only and
what was used in the above referenced work. Please refer to the RAP-
PCR protocol for details regarding the PCR conditions. We tried anneal-
ing temperatures varying from 50-58 °C.

11.5.2.2.5 PAGE
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. While the PCR is cycling, pour a 6% polyacrylamide sequencing gel.
. After cycling is completed, add 10 pl 2x loading dye to samples.

Denature samples at 95°C for 3 min, then place directly on ice.

. Load 3.5-pl sample on gel.

. Run at 55 W until the xylene cyanol migrates to the bottom of the gel.
. Transfer gel to 3 mm Whatman paper and dry.

. Expose to film in cassette with intensifying screen.

. Develop film.

. Look for differentially expressed bands between samples.

11.5.2.2.5 Sequencing of Differentially Expressed Bands

1.
. Place the piece of gel/paper in a microfuge tube.
. Add 100 pl water.

Excise the appropriate bands from the gel using a razor blade.

After 2-5 min, peel the acrylamide off the paper.
Place the acrylamide in a new tube.
Grind the acrylamide with a pipette tip.

. Add 100 pl water.
. Heat at 94°C for 10 min.
. Precipitate the DNA using 0.1 xvolume 3 M sodium acetate and 2.5X

volume 100% ethanol.

. Resuspend the DNA pellet in 40 pl water.
11.

To 12.2 pl DNA from step 10 above, add the following re-amplification
reagents:

Reaction mixture/tube

2.0 ul 10X PCR buffer

1.6 ul dNTP 25 uM

2.0 pl Forward primer, 25 pM

2.0 pl Reverse primer, 25 pM

0.2 ul AmpliTaq DNA polymerase

Total volume=7.8 pl

12. Use the same cycling conditions as in the first PCR, step 2 above.
13. Run out the PCR product on a 1.5% low melting point agarose gel.
14. Cut out the PCR product (approx. 100 pl), aliquot, and use directly in

the sequencing reaction.
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Sequence according to manufacturer’s instructions. In the paper refer-

enced below, we used the Perkin Elmer Amplicycle Sequencing kit.

a) Chuaqui et al. (1997) Identification of a novel transcript up-regulated
in a clinically aggressive prostate carcinoma. J Urol 50(2):302-307.

11.5.2.3 Nonisotopic in Situ Hybridization Protocol for mRNA Detection
(Protocol from Gonzalez)

U s W N =

(o))

17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.

. Heat slide at 75°C for 10 min.

. Wash in xylene, 5 min, twice.

. Wash in methanol, 5 min, twice.

. Wash in diethyl pyrocarbonate-treated water (DEPC-w), twice.

. Digest formalin-fixed sections in 0.1% HCl-pepsin at 37°C for 20 min;

fresh samples are prefixed in paraformaldehyde and then incubated in
proteinase K 1 mg/ml in PBS at 37 °C for 15 min.

. Wash in DEPC-w, twice.
. Postfixation in paraformaldehyde 4% (w/v) in PBS for 5 min at room

temperature.

. Wash in glycine 0.2% (w/v) in PBS for 5 min.

. Digest control with RNAase A or DNAase I, for 30 min at 37°C.
10.
11.
12.
13.
14.
15.
16.

Wash in PBS, DEPC-w and finally methanol.

Dry at 37°C.

Add hybridization cocktail.

Heat slides at 95°C for 15 min.

Hybridization (15-60 min and/or overnight).

Wash in 2xSSC, 5 min, at room temperature.

With RNA probes, post-hybridization digest with RNAase A at 37°C
for 30 min.

Wash twice in 2xSSC, 5 min, at room temperature.

Block 10 min in TBT.

Incubate for 30 min in humid chamber with anti-digoxin monoclonal
antibody 1:10,000 in TBS.

Wash in TBS.

Incubate with biotinilated anti-mouse IgG 1:200 in TBS.

Wash in TBS.

Incubate for 20 min in SA-AP 1:50 in TBT.

Wash in TBS.

Incubate with NBT/BCIP for 60 min.

Wash in tap water 5 min.

Dry at 37-75°C, contrast with methyl green and mount in glycerol.
Negative controls.

a) Omitted probe in hybridization solution.

b) Irrelevant probes.

c) Predigest with ribonuclease (RNase).
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29. Positive controls.

a) Probes for constitutive genes like actin.
b) Known positive tissue sample.

11.5.2.4 Protocol for Transcript Amplification (Protocol from Watson)

NOTE: The protocol presented below was initially used by us to amplify
RNA for GeneChip microarray analysis (Luzzi et al. 2001 from references
Chapter 9). It is similar to a protocol more recently provided by Affyme-
trix  http://www.affymetrix.com/support/technical/technotes/smallv2_tech-
note.pdf) and is an alternative for those investigators who do not wish to
utilize one of the many commercially available reagent systems referenced
above. Enzymes and molecular reagents are purchased from the vendors
indicated in parentheses.

1.

Practice care in preventing RNase contamination. Generally, utilizing
RNase-free reagents and disposables on a clean laboratory bench surface
will suffice. DEPC treatment, high temperature baking, and RNase
cleansing agents are usually not necessary.

. Whenever possible, target amplification of all experimental samples

should be performed in parallel. Utilize ‘master mixes’ for all reagents to
avoid pipetting small volumes and to ensure uniformity of reagent con-
centrations across all samples. For N number of samples, make sufficient
master mix for N+1 reactions.

. Make certain that all components of master mixes are mixed thoroughly

after addition of each component. Unless specifically instructed, do not
vortex samples. Mix by repeatedly pipetting reagents in the tube, or
gently mix the tube by hand. After mixing, briefly spin reaction tubes to
collect the reaction mix at the bottom of the tube.

. Reactions should be performed in a regulated heat block. A thermal cy-

cler is ideal, particularly for 16°C reactions. For prolonged incubations
at 37 or 42°C, it is important to occasionally (i.e., every 30-60 min.)
mix the reaction components and then briefly spin the tube to collect
any condensate. Prolonged incubations in a thermal cycler with a heated

lid may increase the reaction temperature above 37°C and therefore,
should be avoided.

11.5.2.4.1 ¢cDNA Synthesis and Purification (Round 1)

1.

Add the following components to a 0.5-ml reaction tube:

10-100 ng RNA in nuclease-free water 11 ul
100 uM T7T,4 primer (Affymetrix) 1ul

5'-

GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGGT,4-3'

2.

Mix the reagents, incubate at 70°C for 10 min, spin briefly and place on
ice.
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3. Add the following components to the reaction:

203

5x Superscript II reaction buffer (InVitrogen) 4l
0.1 M DTT (InVitrogen) 2l
10 mM dNTP mix (InVitrogen) 1ul
4. Mix reagents and incubate at 42°C for 2 min. Then add 1 pl Super-

(o))

script II RT: 100 U/l (InVitrogen)

. Incubate the final 20-pl reaction at 42°C for 1 h.
. Briefly spin reactions and place on ice.
. Add the following components to the first-strand reaction for second-

strand synthesis:

Nuclease-free water 91 ul
5x Second strand Buffer (InVitrogen) 30 ul
10 mM dNTPs (InVitrogen) 3l
10 U/pl DNA Ligase (InVitrogen) 1l
10 U/pl E. Coli DNA Polymerase I (InVitrogen) 4 pl
2 U/ul RNase H (InVitrogen) 1ul
8. Gently tap tube to mix; spin briefly and incubate the 150-pl reaction at

9.

10.

11.

12.

13.

14.

16°C for 2 h.

Add 2 pl (10 U) T4 DNA Polymerase (InVitrogen) to the reaction and
incubate for 5 min at 16 °C.

Add 10 pl 0.5 M EDTA to stop the reaction. At this point, the double-
stranded cDNA may be stored indefinitely at -20 °C.

Transfer the cDNA reaction to a 1.5-ml tube. Add 162 pl of phenol:
chloroform:isoamyl alcohol solution to the second-strand cDNA reac-
tion mixture, vortex for 30 s and then spin for 5 min at room tempera-
ture and 12,000 xg to extract the cDNA.

Remove the aqueous (upper phase) into a clean 1.5-ml tube. Add 1 pl of
10 mg/ml glycogen and mix thoroughly. Add 0.5 volumes (~80 pl) of7.5 M
ammonium acetate and mix thoroughly. Add 2.5 volumes (~400 pl) of
100% ethanol and mix thoroughly to precipitate the extracted cDNA.
Centrifuge immediately at 16,000xg for 20 min at room temperature.
Many downstream enzymes (e.g., T7 RNA polymerase) are inhibited by
ammonium ions. Therefore, it is crucial that no salt is carried over
during the precipitation step. Centrifugation should be performed at
room temperature to avoid salt precipitation and all precipitated pellets
should be thoroughly washed with 70% ethanol.

Wash the pellet thoroughly with 70% ethanol. Spin at 16,000xg for
5 min. Carefully pour off the 70% ethanol without displacing the pellet,
although a pellet may not always be visible. Wash the pellet again, spin,
and pour off the second wash. Carefully aspirate any remaining ethanol
with a pipette, again being careful not to displace any visible pellet.



204  Chap. 11 Protocols for Tissue Handling and Molecular Analysis

15. Allow the cDNA pellet to dry and dissolve it in 8 pl of nuclease-free

water.

11.5.2.4.2 In Vitro Transcription and Purification (Round 1)

1.

To synthesize complementary RNA (cRNA) from the double-stranded
cDNA template, the Ambion Megascript in vitro transcription kit (T7
enzyme) is utilized. Following the recommended reaction conditions,
add reaction components to the 1.5-tube containing the cDNA from step
15 above as follows:

cDNA from step 15 above 8 ul
10X Reaction buffer 2ul
ATP Solution 2l
CTP Solution 2 ul
GTP Solution 2 ul
UTP Solution 2ul
T7 Enzyme mix 2ul

Mix thoroughly and then transfer the entire reaction to a 0.5-ml tube.
Incubate at 37°C for 6 h. Gently mix the reaction by hand every hour
and centrifuge briefly to collect reaction tube condensate. After in vitro
transcription, the reaction may be frozen at -70°C until purification.

. cRNA is purified using Qiagen’s RNeasy or Arcturus’ PicoPure RNA pur-

ification columns. For Qiagen RNeasy columns, the manufacturer’s re-
commended protocol is utilized. The cRNA is then eluted twice, with
40 pl of nuclease-free water.

. Add 1 pl of 10 mg/ml glycogen, 0.5 volumes (40 pl) of 7.5 M ammonium

acetate, and 2.5 volumes (200 pl) of 100% ethanol to the eluted 80 pl of
cRNA. Mix thoroughly and spin immediately.

. Centrifuge at 16,000 xg for 30 min.
. Wash the pellet, which may not be visible, thoroughly with 70% ethanol

and allow the cRNA pellet to dry. Resuspend in 11 pl of nuclease-free
water.

. Depending on the initial amount of starting material, 1 pl of the synthe-

sized cRNA may be quantified by UV absorbance or qualitatively as-
sessed using the Agilent Bioanalyzer 2100.

11.5.2.4.3 ¢cDNA Synthesis and Purification (Round 2)

1. Add the following components to a 0.5-ml reaction tube:
cRNA in nuclease-free water 11l
1 pg/pl Random hexamers 1ul

Mix the reagents, incubate at 70°C for 10 min, spin briefly and place on
ice.
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2. Add the following components to the reaction:

5% Superscript II reaction buffer 4l
0.1 M DTT 2l
10 mM dNTP mix 1ul

Mix reagents and incubate at 42 °C for 2 min. Then add 1 pl Superscript
IT reverse transcriptase (100 U/pl). Incubate the final 20-pl reaction at
42°C for 1 h.

3. Briefly spin reactions and place on ice. Then add 1 pl (2 Units/pl) RNase
H to the reaction and incubate for 20 min at 37 °C. Terminate the reac-
tion by heating it to 95°C for 5 min followed by a brief spin and incuba-
tion on ice.

4. To prime second-strand synthesis add 1 pl (100 pM) T7T,, oligonucleo-
tide primer to the reaction and heat at 70°C for 10 min. Briefly spin the
reaction and keep on ice.

5. Add the following second-strand synthesis reaction reagents:

Nuclease-free water 91 ul
5x Second-strand reaction buffer 30 ul
10 mM dNTP 3l
10 U/pl E. coli DNA Polymerase 4pl

Incubate the 150-pl reaction at 16°C for 2 h.

6. Add 2 pl (10 U/ul) T4 DNA Polymerase and incubate for 10 min at
16°C.

7. Add 10 pl 0.5 M EDTA to terminate the reaction. The double-stranded
cDNA may be stored at -20°C until purification.

8. The cDNA is purified exactly as described in Section 11.5.2.4.1 steps 11-
15. For subsequent generation of biotinylated aRNA targets for GeneChip
microarray hybridization, the purified cDNA should be resuspended in
22 pl.

11.5.2.4.4 Biotin-Labeled in Vitro Transcription and Purification (Round 2)
NOTE: This final step should only be performed for microarray platforms
that utilize biotinylated aRNA targets. The cDNA template created at the
end of Sect. 1 may also be used as a template for in vitro transcription
using any other direct or indirect labeling protocol. Alternatively, unlabeled
aRNA may be generated again (as described in Sect. 11.4.2.2) which can
then be used for cDNA synthesis with direct or indirect labeling.

1. The Enzo BioArray HighYield in vitro transcription kit is used to gener-
ate biotin-labeled cRNA for hybridization to Affymetrix GeneChip mi-
croarrays. The recommended protocol is utilized by mixing the follow-
ing reaction components:
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cDNA template 22l
10x HY reaction buffer 4 ul
10X Biotin label ribonucleotides 4 ul
10x DTT 4l
10X RNase inhibitor mix 4 ul
20x T7 RNA polymerase 2ul

Add the reaction components to the 1.5-ml tube containing the cDNA
from step h above. Mix thoroughly and then transfer the entire reaction
to a 0.5-ml tube. The reaction is carried out for 6 h at 37°C, mixing the
reaction components every hour and spinning briefly to collect the reac-
tion condensate.

. After 6 h, the reaction may be frozen at -70 °C until purification
. The biotin-labeled cRNA is purified using Qiagen’s RNeasy or Arcturus’

PicoPure RNA purification columns. For Qiagen RNeasy columns, the
manufacturer’s recommended protocol is utilized. The cRNA is eluted
with 40 pl of nuclease-free water and the eluate is passed over the col-
umn a second time to increase the yield.

. Quantify 1pl of the purified, labeled cRNA by UV absorbance. The

cRNA may also be qualitatively assessed by gel electrophoresis or Agi-
lent Bioanalyzer RNA Nano Chip assay. The amplified cRNA should have
a molecular weight distribution between 500 and 1500 nucleotides. A
very low or very high molecular weight cRNA distribution suggests
anomalous amplification and will generally result in a poor hybridiza-
tion signal if applied to the microarray.

. Fragment and hybridize labeled cRNA using standard protocols supplied

by Affymetrix or other relevant microarray manufacturer.

11.5.2.5 Protocol for RT-PCR Validation (Protocol from Watson)

NOTE: The protocol detailed below is one that we routinely use to validate
gene expression patterns of transcripts identified by microarray studies. It
utilizes SybrGreen dye (in the form of a commercially available enzyme
mix) and standard PCR primers. The approach works equally well for RNA
derived from both frozen and FFPE LCM tissue.

11.5.2.5.1 Primer Design

1.

Full-length reference mRNA sequences for target genes of interest should
be collected. The NCBI’s Locus Link site (http://www.ncbi.nlm.nih.gov/
LocusLink/) is a useful source for these sequences.

. Using each mRNA sequence, primers may be designed using a number

of programs. Applied Biosystem’s Primer Express software is often sup-
plied with thermocycler instrumentation. If this software is not avail-
able, Primer3  (http://www-genome.wi.mit.edu/cgi-bin/primer/prim-
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er3_www.cgi) is an excellent web-based program for primer design.

GeneRunner (http://www.generunner.com/) is also a freely available nu-

cleic acid analysis software package that includes primer design func-

tionality.
3. When designing primers, the following guidelines are recommended

- The amplicon size should range between 70 and 150 nucleotides. If
primers are being used with RNA derived from FFPE tissue the ampli-
con size should be less than 100 nucleotides, if possible.

- Each primer should have a theoretical melting temperature of 58-
60°C. Primers are generally 20-23 nucleotides in length and range
from 45-65% G/C content.

- At the 3’ end of each primer, no more (and preferably less) than 2 of
the last 5 bases should be C or G. If possible, the 3" nucleotide should
be an A or T.

- To exclude amplification of possible contaminating genomic DNA, at
least one primer should span across two exons.

- If cDNA synthesis is to be primed only with oligo-dT, primers should
be located within 1000 nucleotides of the polyA tail to ensure efficient
first-strand cDNA synthesis of the amplification target sequence.

11.5.2.5.2 cDNA Synthesis

NOTE: For cDNA synthesis with 20-50 ng of RNA from LCM tissue, we

utilize Qiagen’s Sensiscript reverse transcriptase enzyme. The protocol is

the same for RNA derived from FFPE or frozen tissue.

1. Create an enzyme “master mix” for enough samples + 10% (e.g. if 10
samples are run, make enough “master mix” for 11 samples). Per reac-
tion:

10x RT buffer 2 ul
5 mM dNTP mix 2ul
10 uM random hexamer 2l
10 uM dT,; primer 2 ul
RNase inhibitor (10 U/ul) 1ul
Sensiscript RT enzyme 1l

Mix thoroughly by hand, spin briefly, and aliquot 10 pl to the required
number of reaction tubes. If a large number of reactions are planned,
cDNA synthesis may be conveniently performed in a 96 well thermal cy-
cler plate.

2. Add 20-50 ng of RNA (the same amount of RNA for each sample) in a
volume of 10 pl of nuclease-free water to each reaction tube or well. Mix
thoroughly by gently pipetting up and down several times.

3. Incubate at 37°C for 60 min.
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4. Freeze reactions at —-20°C until use in PCR. It is important to avoid mul-
tiple freeze-thaws of the cDNA as this will compromise cDNA stability
and amplification performance.

11.5.2.5.3 Primer Validation

NOTE: Prior to utilization with valuable LCM RNA samples, it is important

to establish that primer pairs will specifically amplify their intended target

sequence in a linear and reproducible fashion. To accomplish this, serial di-

lutions of a ¢cDNA control cocktail are amplified, Cy values calculated, and

amplicons assessed by both melt curve analysis and/or gel electrophoresis.

1. Convert 1 pg of control RNA into ¢cDNA by priming with random hex-
amers (1 pM) and oligo dT (1 uM) using standard cDNA synthesis pro-
tocols. A useful source of “control” RNA can be derived from a single
50-um serial section from the same tissue block utilized for LCM. If
primers are to be used with RNA derived from LCM of FFPE tissue, then
control RNA should be similarly derived.

2. Add 80 pl of nuclease-free water to the 20 pl of cDNA reaction product
to yield a final concentration of 10 ng input RNA/ul. Make the following
set of serial dilutions, sufficient to validate 10 primer pairs

Tube 1: 40 pl of cDNA (10 ng/ul)

Tube 2: 20 pl cDNA +20 pl nuclease-free water (5 ng/ul)
Tube 3: 10 pl ¢cDNA +30 pl nuclease-free water (2.5 ng/ul)
Tube 4: 5 pl cDNA +35 pl nuclease-free water (1.2 ng/pl)

3. For each primer pair to validate, set up a primer/enzyme master mix for
10 reactions (4 cDNA dilutions in duplicate + 2 no template controls)

ABI 2xSybrGreen master mix 10 pl
10 pM Forward primer 2 ul
10 uM Reverse primer 2ul
Nuclease-free water 76 ul

4. Aliquot 18 pl of mix across ten wells in a single row of a 96-well optical
PCR plate. Each row of the plate will contain a different primer set for
validation.

5. To two adjacent wells of each plate (e.g. Al, A2) add 2 pl of each dilu-
tion of cDNA. The last two wells of the row (e.g. A9, A10) will serve as
no template controls.

6. After plate setup, reactions should be run using the standard quantita-
tive PCR thermal profile appropriate for the instrumentation. After com-
pletion of the run, a melt curve profile of the amplicons should be per-
formed. In addition, amplified products may be analyzed by 2.5% agar-
ose gel electrophoresis or Agilent Bioanalyzer 2100 and DNA Chip assay
to verify a uniform amplification product is present of the expected size.
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11.5.2.5.4 Quantitative PCR
NOTE: After establishing that primer sets specifically amplify their in-
tended target sequence with suitable linearity, cDNA generated from LCM
tissue may be assayed. In general, each PCR assay should be performed in
duplicate or triplicate to provide satisfactory precision. Depending upon
transcript abundance and primer amplification efficiency, 2.5-5 ng equiva-
lents of input RNA from frozen LCM tissue should be sufficient to generate
amplification signals below a Cr of 35 cycles. This can be readily inferred
with data generated from the standard curve as described above. Accord-
ingly, 50 ng of RNA should be sufficient to validate the expression pattern
of as many as ten transcripts. When working with RNA derived from FFPE
tissue, as much as 10-20 ng equivalents of input RNA may be necessary to
achieve similar Cry values.

1. For each primer set, create an enzyme “master mix” for: [(number of
samples+ 1 no template control) X2, (duplicate reactions)]+10% (e.g. if
10 samples are run, make enough “master mix” for 24 samples). Per re-
action:

ABI 2% SybrGreen Master Mix 10 pl

10 uM Forward primer 0.2 ul
10 pM Reverse primer 0.2 pl
Nuclease-free water 7.6 ul

2. Aliquot 18 pl of each mix into the wells a 96-well optical PCR plate.

3. Add 2 pl of each sample cDNA (Sect. 11.5.2.5.2, cDNA Synthesis) to du-
plicate wells of the plate.

4. Reactions should be run using the standard quantitative PCR thermal
profile appropriate for the instrumentation.

11.5.3 Protein Analysis
11.5.3.1 2-D Polyacrylamide Gel Electrophoresis

Solutions
TIP: Use electrophoresis grade reagents to prepare the following solutions:
1. IEF lysis buffer (50 ml)
a) Add 21 g urea to 35 ml HPLC-grade H,O in a 50-ml Falcon tube (fi-
nal concentration 7 M).
b) Vortex vigorously for several minutes.
c) Add:
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76 g Thiourea

2g Chaps

05¢g Mega 10

05¢g OBG

250 ul Triton X-100

025¢g Tris

04g DTT

500 pl Pharmalytes or IPG buffer pH 3-10 (Amersham)
500 pl f-Mercaptoethanol

d) Add 10 pl tributylphosphine 2 mM, under the hood (2 mM final con-
centration).
e) Add bromophenol blue as indicator.
f) Check volume is 50 ml.
g) Vortex until all is dissolved (or attach tube to a rotator).
h) Aliquot 1 ml into microfuge tubes.
i) Store at -20°C.
2. 10x Electrophoresis running buffer (0.25 M Tris, 1.92 M glycine, 1 M
SDS) - 101
a) Add 300 g Tris-base, 1441 g glycine, and 10 g SDS to ~7 L HPLC-
grade H,O0.
b) Mix gently until dissolved.
¢) Bring volume to 10 1.
3. 30% Acrylamide stock (1 1)
a) Add 292 g acrylamide and 8 g piperazine diacrylamide (PDA) to
700 ml HPLC-grade H,0, under the hood.
b) Stir to dissolve.
¢) Bring volume to 1 L.
d) Filter through 0.45-pum-pore size filter.
e) Store at 4°C in the dark.
4. Separating acrylamide gel
a) Below are the solution volumes required to prepare one 9-18% gradi-
ent gel. Prepare sufficient volume for the number of gels to be run.

Solution Volume units 9% Gel 18% Gel
1.5 M Tris-HCI, pH 8.8 ml 11.5 11.5
20% SDS ml 0.23 0.23
30% Acrylamide ml 14 28
TEMED pl 11.7 11.7
10% APS pl 117 117
HPLC-grade H,0 ml 20 6
Total ml 45.8 45.8

5. Equilibration buffer I (50 ml)
a) Mix together 18 g urea and 10 ml of 0.5 M Tris-HCI, pH 6.9.
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b) Vortex vigorously.

¢) Add 10 ml of 20% SDS and 200 mg DTT.

d) Invert gently several times.

e) Add 15 ml glycerol.

f) Vortex vigorously (or attach tube to a rotator for 10-15 min).
g) Add bromophenol blue as indicator.

6. Equilibration buffer II (50 ml)

a) Same as equilibration buffer I EXCEPT add 5.0 g iodoacetamide IN-
STEAD of DTT.

7. Transfer buffer (1 1)

a) 25 mM Tris-HCI (3 g)
b) 190 mM glycine (14.44 g)
c) 20% methanol (200 ml)

Methods
Day One: Sample Preparation

1.

Preparation of sample (see processing of microdissected tissue for mo-
lecular analysis-protein-based studies section).

2. Reswelling

a) Remove Immobiline Drystrips (Amersham Pharmacia Biotech) from
-20°C and allow to equilibrate at RT.

TIP: The pH range of the strip used should be the same as the pH
range of Pharmalytes or IPG buffer used in the IEF lysis buffer.

b) Notch the basic end of the strip to mark each sample.

c) Load the first sample into Reswelling trays (Immobiline DryStrip Re-
swelling Tray/Pharmacia #18-1004-31.).

d) Place DryStrips gel-side down into each slot.

e) Remove air bubbles by pressing down with a pipette tip.

f) Overlay completely with DryStrip Cover fluid (Amersham Pharmacia,
#17-1335-01).

g) Repeat for every sample including the MW standard (2-D SDS-PAGE
standards, pH range 4.5-8.5, MW 17,500-76,000, Bio-Rad, #161-
0320).

h) If samples are concentrated in one region of the strip, redistribute by
pipetting.

i) Cover the tray with the lid.

j) Incubate overnight at RT to allow the strips absorb the samples.

Day Two: First Dimension

1.

w

Clean the electrophoresis chamber (Pharmacia LKB Multiphor II) and
the Immobiline strip tray and wipe out with paper towels and Kimwipes
to remove mineral oil.

. Place the tray on top of 50 ml DryStrip Cover fluid.
. Remove strips.
. Place on Whatman paper gel-side up.
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()

TIP: Placing the strips gel-side down might result in protein loss and
gel damage.

. Leave for ~1 min.
. Place into the electrophoresis chamber gel-side up.
. Arrange the strips so that their edges are in one line.

TIP: Time is important to prevent crystallization.

. Wet the pre-made IEF electrode strips (Amersham Pharmacia, #18-

1004-40) with HPLC-grade H,O.

. Dry slightly between two pieces of Whatman paper.

10. Place two buffer strips on both edges of the strips and perpendicular
to them, covering the top of the bromophenol blue on each side.

11. Make sure that the square end of each strip is at the cathode (black/-)
end and the pointed end is at the anode (red/+) end and also that the
anode and cathode electrode ridges are in the correct orientation.

12. Overlay liberally with DryStrip Cover fluid between the Immobiline
strips and outside the electrodes.

13. Electrophorese for 36-48 h, using the following sequence of settings:

Voltage (V) Amps (mA) Wattage (W) Time (h)

1 500 100 33 W 0.05

2 500 110 70 W 1

3 3500 141 32 W 5

4 3500 70 38 W Until stopped

14. The bromophenol blue should be seen migrating towards the anode
within at least 1 h. By next day, the strips should be colorless.

15. By the next day, if the bromophenol blue has not disappeared, running

can be paused and the electrode strips can be replaced from whichever
side. Continue running until the dye has disappeared.

Day Three: Second Dimension

1.

Prepare apparatus.

a) Wash and scrub plates very well in soap and hot water.

b) Rinse in ddH,0.

c) Leave the plates to air-dry or wipe with methanol-soaked Kimwipes.

d) Order plates in Protean-II Multi-Gel casting Chamber (Bio-Rad,
#165-2025) as follows:
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Bottom of chamber
Small plate, 20 cm
Spacers, 20 cmX1 mm
Eared plates, 20 cm
Spacers, 20 cmX1 mm
Large plate, 20 cm
Meylar sheet

Repeat as needed

2.

e) Fill the chamber with acrylic blocks.

f) Tighten the screws.

g) Tape the edges of the chamber to prevent leakage.

Prepare gradient acrylamide gel (9-18%)

a) Add 9% gel solution to the center compartment of the distributor
(mixing chamber) and 18% gel to the peripheral compartment (reser-
voir chamber).

b) Start the magnetic stirrer in the mixing chamber.

¢) Remove air bubbles from the tubing by opening the valve slowly.

d) Allow the tubing to fill with gel solution, then close the valve.

e) Turn on the stirrer.

TIP: The stirring bar should be between the openings between the
mixing and reservoir compartments, but not on top of them.

f) Open the valve between the mixing and the reservoir chambers (up-
ward).

g) Make sure the 18% solution is flowing into the mixing compartment.

h) Open the valve to start the flow of the acrylamide solution into the
Protean chamber.

i) Allow reasonable flow. Fast flow results in loss of a gradient, whereas
a slow flow results in polymerization of the solution in the tubing).
In addition, the rate of flow changes with time due to the change of
pressure. However, the chamber should be filled in at least 10 min.

j) Stop when the gel has reached 0.5 cm from the top of the glass
plates.

k) Overlay the gels carefully with HPLC-grade H,O using a syringe.

1) Cover with Saran Wrap.

m) Allow to polymerize overnight.

Day Four: Second Dimension (continued)

NG W

. Remove strips.
. Place on Whatman paper, gel-side up, for 1 min.
. Equilibrate in equilibration buffer I for 10-15 min.

Set up gels in electrophoresis chamber (Protean II Multi-cell, Bio-Rad).
Make sure there is no leakage.

. Equilibrate strips in equilibration buffer II.
. Remove strips.
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8.
9.
10.
11.

12.

13.

Place on Whatman paper one by one, gel-side up.

Identify notches.

Cut ~1 in. from both sides.

Place gels with basic side closer to the anode (red/+) and the acidic
side closer to the cathode (black/-) to be consistent.

Run gels at 40 mA/gel for 15 min or until dye front is about 1 inch
into the gel.

Turn down voltage and run at 65-70 V constant overnight (If in a hur-
ry, set power supply at 360 mA and 500 V and run for 8 h).

Day Five: Transfer and Sequencing of Proteins

1.

11

Transfer onto PVDF or nitrocellulose membranes.

a) Soak gel in transfer buffer for 5-10 min.

b) Soak pre-cut transfer membrane and Whatman paper in transfer buf-
fer.

c) Wet the transfer apparatus with transfer buffer.

d) Place 3-4 Whatman papers on bottom of the transfer apparatus.

e) Place membrane on top and remove air bubbles.

f) Place gel on top of the membrane and remove air bubbles.

g) Place 3-4 Whatman papers on top of the gel and remove any air
bubbles.

h) Transfer for 3 h at no more than 25V (1-1.5 mA/cm? of the gel/
membrane). Transfer for 5 h if more than 5-6 gels.

. Gel staining.

a) See staining protocols.

. Excision of Protein Spots (for sequencing by MS)

TIP: Work under the hood to prevent the gel from being exposed to too

much air, thus avoiding contamination with keratins.

a) Xerox the gel and assign the spot(s) to be sequenced.

b) Cut out the protein spot for sequencing with a pipette tip.

¢) Remove to a microfuge tube.

d) Chop up the gel piece with pipette tip.

e) Add a solution of 50% methanol/10% acetic acid/40% H,O to the gel
pieces.

f) Incubate for 30 min.

g) Spin down.

h) Remove the supernatant.

i) The sample is ready for mass spectrometry sequencing.

.5.3.2 Immunoblot

Materials

1.
2.
3.

Protease inhibitor cocktail (Boehringer Mannheim)
2% SDS sample buffer (Novex)
Pre-casted gels (e.g., Novex)
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9.
10.
11.

12.
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. Molecular weight protein standard (e.g., MultiMark Multi-Colored

Standard, Novex)

. 25% Tris-glycine transfer buffer (e.g., Novex)

. 100% Methanol

. Blocking solution containing casein (e.g., Pierce)

. Wash solution I (for 11: 1 g ovalbumin (Sigma), 1 g dry milk, 1 ml

Tween-20 (Bio-Rad), 100 ml 10x PBS, 900 ml distilled water).

Primary antibody

Horseradish peroxidase-conjugated secondary antibody

Wash solution II (for 1 1: 1 ml Tween-20, 100 ml 10x PBS, 900 ml dis-
tilled water)

Luminol and oxidizing reagents (e.g., Pierce or NEN)

Method

1.

Protein separation by polyacrylamide gel electrophoresis.

a) On top of the transfer film (containing the microdissected cells), con-
tinuously pipette up and down 10-20 ul 2x SDS sample buffer for 2-
3 min in order for the proteins to go into solution.

b) Transfer protein solution to a screw-top tube and boil the sample(s)
for 3 min.

¢) Spin briefly to collect any condensed fluid.

d) Set up pre-casted gel and 1x Tris-glycine-SDS running buffer.

e) Load all of the sample buffer containing the protein onto the gel). In-
clude a molecular weight protein standard.

f) Perform electrophoresis at 110 V for 1.5-2 h.

. Electrophoretic transfer to a membrane (nylon, pvdf or nitrocellulose).

a) Wash gel in 1X transfer buffer (Novex) for 30 min.

TIP: Some sources do not recommend this step as smaller proteins
may diffuse out of the gel.

b) Set up the electrophoretic transfer. Soak 4-5 sponges and 2 pieces of
filter paper in 1x transfer buffer. If using PVDF membrane, briefly
soak the membrane in 100% methanol, then 1x transfer buffer.

c) Assemble apparatus from negative electrode to positive electrode as fol-
lows: 2 sponges, filter paper, gel, membrane, filter paper, 2-3 sponges.

d) Perform transfer at 40 V for 2 h.

. Primary and secondary antibody incubations

a) Remove membrane and place in a blocking solution containing case-
in for 30 min at RT.

b) Wash 3x10 min in wash solution I.

¢) Incubate with primary antibody overnight at optimal titer (e.g.,
1:1000 in wash solution I) while rocking at 4°C.

d) Wash 3x10 min in wash solution I.

e) Incubate with a horseradish peroxidase-conjugated secondary anti-
body for 1 h at optimal titer (e.g., 1:20,000 in wash solution II) while
rocking at 4°C.
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Wash 3x10 min in wash solution II

TIP: Alternatively, the secondary antibody may be biotinylated where
a streptavidin-peroxidase conjugate binds to the biotin on the sec-
ondary antibody, greatly increasing the sensitivity for protein detec-
tion.

4. Visualization

a)

b)

For the chemiluminescent reaction, incubate with equal parts of lu-
minol and oxidizing reagents (Pierce or NEN, Boston, MA) for 5 min
at RT.

Develop by X-OMAT autoradiography per recommendation of the
manufacturer.

11.5.3.3 Immunohistochemistry

11.5.3.3.1 Protocols from Pathogenetics Unit

Important: All tissue sections should be cut onto slides which have been
charged, silanized, or poly-lysine coated in order to prevent detachment of
tissue during the procedure.

1. Protocol for frozen tissue sections.

a)
b)
c)
d)
e)
f)

g)
h)
i)
)]
k)
1)

Fix the tissue with 70% ethanol for 15 min

Wash with PBS for 5 min

Block endogenous peroxide with Proxoblock for 45 s (Zymed Labs)
Wash with PBS for 5 min

Mark the tissue borders using a pap-pen.

Apply blocking antibody (reagent A) according to kit directions for
10 min (Zymed Histostain-plus kit, 2nd generation lab-SA detection
system Kkit, cat No: 85-9743, CA, Tel: 1-800-874-4494).

First antibody for 1 h (or overnight at 4°C, according to manufac-
turer’s data sheet).

Wash in PBS 3%, 5 min total.

Secondary antibody (reagent B)from kit for 10 min when using pri-
mary mouse, 20 min when using primary rabbit.

Wash in PBS 3%, 5 min total.

Apply enzyme conjugate (reagent C) for 10 min.

Wash in PBS 3X, 5 min total.

m) Color reaction (AEC or DEB; reagent D) for 5-10 min.

n)
0)
p)
Q)

Wash in ddH,0 water.

Counter-stain with hematoxylin for 3 min.

Wash in tap water.

Apply Permount to the tissue section and coverslip

2. Protocol for ethanol-fixed-paraffin-embedded tissue sections.

a)
b)
c)

Put in 60°C oven for 1 h.
Xylene #1 for 7 min.
Xylene #2 for 7 min.
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d) Ethanol 100%, 5 min with shaking.

e) Ethanol 96%, 5 min with shaking.

f) Ethanol 70%, 3 min with shaking.

g) Tap water, 3 min.

h) ddH,O, 3 min.

i) Put the slides for 20 min in a solution of 0.3% H,0, (30%) in metha-
nol absolute (to 300 ml methanol add 5 ml H,0,,.

j) Wash for 5 min in PBS.

k) Wash for 5 min in ddH,O.

1) Mark the tissue borders using a pap-pen.

m) Apply blocking antibody (reagent A) according to kit directions for
10 min (Zymed Histostain-plus kit, second generation lab-SA detec-
tion system Kkit, Cat. No: 85-9743, CA, Tel.: 1-800-8744494).

n) First antibody for 1 h.

0) Wash in PBS 3%, 5 min total.

p) Secondary antibody (reagent B) from kit for 10 min when using pri-
mary mouse, 20 min when using primary rabbit.

q) Wash in PBS 3X%, 5 min total.

r) Apply enzyme conjugate (reagent C) for 10 min.

s) Wash in PBS 3%, 5 min total.

t) Color reaction. Shake the battle well before applying reagent D for
10 min.

u) Wash in ddH,O water.

v) Counter-stain with hematoxylin for 3 min.

w) Wash in tap water.

x) Apply Permount to the tissue section and coverslip

. Protocol for formalin-fixed and paraffin-embedded tissue sections.

a) Prepare 3-5-pm sections. Note: better to use freshly cut sections or
to keep the sections in -20 °C until use.

b) Mark the slides with the correct date and the antibody + dilution to
be used on the section (write only with a pencil on the slide).

c) Put in 60°C oven for 1 h.

d) Xylene #1 for 5 min.

e) Xylene #2 for 5 min.

f) Ethanol 100%, 12 dips.

g) Ethanol 96%, 12 dips.

h) Ethanol 70%, 12 dips.

i) Tap water 12 dips.

j) ddH,O0, 12 dips.

k) Special pretreatment may be required for sections according to man-
ufacturer’s instructions prior to binding of the primary antibody:
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If NO pretreatment required:

a)

b)
c)
d)
e)

Put the slides for 20 min in a solution of 0.3% H,0, (30%) in absolute metha-
nol

Wash for 5 min in PBS

Repeat step 2

Wash for 5 min in ddH,0

Continue with step 1 below

Steam pretreatment:

a)
b)
c)
d)
1.
2.

3.
e)

Put the slides for 10 min in a solution of 3% H,0, (30%) in absolute methanol
Wash for 5 min in ddH,0

Repeat.

Heat-treat the slides according to:

Place slide in a Coplin jar containing 10 mM sodium citrate buffer, pH 6.0
Cover with a vented plastic wrap and place in steamer (Black and Decker) for
20 min

Take out the jar and let the sections cool in the jar for 20 min at RT

Go to step 1 below

Microwave pretreatment

a)

b)

c)
d)
e)
f)
g)

Place sections in a microwave-safe dish

Put 1500 ml 10 mM citrate buffer with 0.1% Tween 20 in a pressure cooker
(total volume 1500 ml for 20 slides)

Put the dish inside the cooker and place in microwave for 40 min

Cool for 20 min

Wash for 5 min with PBS

Repeat

Go to step a below

Pronase pretreatment:

a)
b)
c)
d)
e)
f)
g)

To 60 ml PBS at 37°C add 0.03 gm pronase (Sigma-Aldrich, cat No: P6911)
Keep at 37°C and stir

Put slides into solution (while leaving at 37°C) for 10 min

Wash twice with PBS (5 min each time)

Put the slides for 10 min in a solution of 3% H,0, (30%) in absolute methanol
Wash 2% in ddH,0 for 5 min

Go to step a below
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Trypsin pretreatment:

a)

b)
c)
d)
e)
f)

n)

0)
p)

Q)
r)
s)
t)
u)
v)
w)
X)

Take out the trypsin (Sigma, 1 g; Cat. No: T-7409; Tel: 314-771-5750). Dilute to
aliquots of 0.1%: 100 mg in 100 ml and store at -20°C in quantities of 500 pl
Using a pipette, cover the tissue section with a 500-pl aliquot on the slide

Leave for 8 min in 37°C (incubator not covered)

Wash twice with PBS (5 min each time)

Put the slides for 10 min in a solution of 3% H,0, (30%) in absolute methanol
Wash 2x in ddH,0 for 5 min

Go to step b

Mark the tissue borders using a pap-pen

Apply blocking antibody (reagent A) according to kit instructions for 10 min
(Zymed Histostain-plus kit, second generation lab-SA detection system kit, cat
No: 85-9743, CA, Tel.: 1-800-8744494)

Apply primary antibody for 1 h (or overnight at 4°C, according to manufac-
turer’s data sheet)

Wash in PBS 3%, 5 min total

Apply secondary antibody (reagent B) from kit for 10 min when using primary
mouse, 20 min when using primary rabbit

Wash in PBS 3X, 5 min total

Apply enzyme conjugate (reagent C) for 10 min

Wash in PBS 3, 5 min total

Color reaction (AEC or DEB; reagent D) for 5-10 min

Wash in ddH,0 water

Counter-stain with hematoxylin for 3 min

Wash in tap water

Apply Permount to the tissue section and coverslip

11.5.3.3.2 Immunohistochemical Staining Protocol
for p53 Using Streptavidin-Biotin-Complex Technique
(Protocol from Gonzdlez)

1.
2.

Cut 4-5 pm paraffin sections and deparaffinize.
Block endogenous peroxidase activity with 3% H,0, in methanol for
15 min.

. Unmask p53 protein antigen by immersing sections in 0.3 M buffer ci-

trate and heat to boiling in a microwave oven at high level three times
7 min each.

. Incubate slides in normal rabbit serum for 20 min.
. Apply mouse monoclonal antibody against p53 protein (clone DO-7;

Dakopatts, California) diluted 1:50 for 90 min at room temperature.

. Wash sections in TBS and apply the bridge-antibody consisting of bio-

tinylated-anti-mouse IgG diluted 1:300 in buffer TBS for 30 min.

. Wash in TBS and incubate in streptavidin-biotin-peroxidase complex

diluted 1:100 for 30 min.

. Wash in TBS and apply diamino-benzidine and 0.04% H,O, in distilled

water for 10 min.

. Intensify the reaction by incubating in 0.1% OsO, in TBS for 3 min.
. Slightly counterstain with nuclear-fast red and mount.
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11.6 Legal Issues, Informed Consent

Before investigators study clinical samples, it is imperative that they protect
the patient’s privacy and obtain informed consent. Before a patient is in-
cluded in any clinical research study, the physician must fully inform him
or her of the treatment, its benefits, and possible side effects. The patient
then signs a consent form which shows his or her understanding and ac-
ceptance of these issues. In molecular profiling studies, patients should
also clearly understand how and why their tissues will be used, and be
aware that their clinical information will be integrated into the analytical
database.

The following give an in-depth discussion of patient informed consent

and confidentiality:
1. Websites

a) Ethical, legal, and social implications of human genetics research:
(http://www.genome.gov/)

b) Guide to understanding informed consent:
http://www.cancer.gov/clinicaltrials/ AGuidetoUnderstandingInformed-
Consent/

c) Protecting participants in clinical trials:
http://www.cancer.gov/clinicaltrials/digestpage/protecting-participants

d) Health Insurance Portability and Accountability (HIPAA)

Resources: http://www.hhs.gov/ocr/hipaa/finalreg.html;

http://privacyruleandresearch.nih.gov/;

http://www.cap.org:80/apps/docs/hipaa/hipaa_articles-html
2. Articles

a) Sobel ME (1999) Ethical issues in molecular pathology: paradigms in
flux. Arch Pathol Lab Med 123(11):1076-1078

b) Sobel ME, Wolman SR (1999) The ethical uses of tissues in research.
Breast ] May 5(3):153-155

c) Sobel ME, Wolman SR (1999) Ethical considerations in use of human
tissues in research. Cytometry 38(4):192-193

d) Grizzle W, Grody WW, Noll WW et al. (1999) Recommended policies
for the uses of human tissue in research, education, and quality con-
trol. Ad Hoc Committee on Stored Tissue, College of American
Pathologists. Arch Pathol Lab Med 123(4):296-300

e) Qualman SJ, France M, Grizzle WE, LiVolsi VA, Moskaluk CA, Ramir-
ez NC, Washington MK (2004) Establishing a tumour bank: banking,
informatics, and ethics. Br ] Cancer 90:1115-1119
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