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According to mortality data from the National
Center for Health Statistics, approximately 1,334,100
new cases of cancer will have been diagnosed, and
556,500 people will have died from cancer in the
United States by the end of 2003. Though the number
of cancer-related deaths has been on the decline since
1992, the incidence has increased over the same
period. This increase is largely due to the implementa-
tion of improved screening techniques that have in turn
been made possible by advances in immunochemical
diagnostic testing. As immunochemical techniques
such as in situ hybridization (ISH) and immunohisto-
chemistry (IHC) continue to be refined, their use in
improving patient care through research and improved
methods of diagnosis is becoming ever more valuable.

In situ hybridization is a well-established approach for
identifying the organization and physical position of a
specific nucleic acid within the cellular environment, by
means of hybridizing a complementary nucleotide probe
to the sequence of interest. The use of deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA) as probes to
assay biologic material has been in use for approxi-
mately 30 years. However, recently, advances in ISH
have seen a replacement of radioactive detection by more
adaptable colorimetric and fluorescent (FISH) methods
for the interrogation of nuclei, metaphase chromosomes,
DNA fibers, patient tissue, and, most recently, deriving
information from patient samples using DNA micro-
arrays. Technologic advances, including array com-
parative genomic hybridization, spectral karyotyping,
and multicolor banding, have provided a refinement in
the study of genome organization and chromosomal
rearrangements. In addition, ISH using RNA has allowed
for a determination of the expression pattern and the
abundance of specific transcripts on a cell-to-cell basis.
Advances in DNA and RNA ISH have migrated from the
research setting and are becoming routine tests in the
clinical setting permitting examination of the steps
involved in tumorigenesis, which would not have been
possible by the use of classical cytogenetic analysis.

Since the introduction of monoclonal antibodies,
immunohistochemistry has developed into a vital tool,

which is now extensively used in many research labora-
tories and for clinical diagnosis. Immunohistochemistry
is a collective term for a variety of methods, which can
be used to identify cellular or tissue components by
means of antigen-antibody interactions. Immunostaining
techniques date back to the pioneering work by Albert
Coons in the early 1940s, using fluorescein-labeled
antibodies. Since then, developments in the techniques
have permitted visualization of antigen-antibody inter-
actions by conjugation of the antibody to additional
fluorophores, enzyme, or radioactive elements. As
there are a wide variety of tissue types, antigen avail-
abilities, antigen-antibody affinities, antibody types,
and detection methods, it is essential to select antibod-
ies almost on a case-to-case basis. The consideration of
these factors has led to the identification of several
key antibodies that have great utility in the study and
diagnosis of tumors.

The scientific advances in the field of immuno-
chemistry have necessitated rapid developments in
microscopy, image capture, and analytical software in
order to objectively quantify results. These cutting-edge
experimental systems have already produced many sig-
nificant differences between cancers that might not have
been distinguished by conventional means.

The focus of these volumes is the use of ISH and IHC
to study the molecular events occurring at the DNA,
RNA, and protein levels during development and pro-
gression of human carcinomas. Continued investment of
time and expertise by researchers worldwide has con-
tributed significantly to a greater understanding of the
disease processes. As the technical requirements for
many immunochemical techniques is quite demanding
and as the methodology itself poses many pitfalls, the
step-by-step methods provided in these volumes will
serve as an excellent guide for both clinical and basic
researchers studying human malignancies.

Simon Hughes
Ontario Cancer Institute

Princess Margaret Hospital
Toronto, Canada

Foreword
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The primary objectives of this volume remain the
same as those of volume 1—that is, discussion of
immunohistochemical and in situ hybridization (ISH),
including fluorescence in situ hybridization (FISH)
and chromogenic in situ hybridization (CISH) proce-
dures as they are used in the field of pathology, espe-
cially cancer diagnosis. The practical importance of
the antigen retrieval protocols in immunohistochem-
istry was realized in 1991, and since then they have
been used routinely in pathology laboratories. Many
chapters in this volume contain the details of these pro-
tocols. However, detection of certain antigens even in
formalin-fixed tissues can be accomplished without
using antigen retrieval methods.

Immunohistochemistry, ISH, FISH, and CISH of
two major carcinomas (colorectal and prostate) are
presented. The biomarkers of two other major
carcinomas (lung and breast) were explained in
Volume 1, and others will be discussed in the forth-
coming Volume 3. The procedures are explained in
maximum details in a step-by-step fashion so that the
readers can use them without additional references.
Materials required to carry out the procedures are
also included. These procedures are also useful in
clinical laboratories.

Another objective of this volume is the discussion
of the role of molecular pathology (molecular genetics,
molecular medicine, molecular morphology) to under-
stand and achieve correct diagnosis and therapy in neo-
plastic diseases. Molecular pathology/genetics has the
advantage of assessing genes directly. Knowledge of
the genetic basis of disease will, in turn, allow more
specific targeting of the cause, rather than the symp-
toms only, of the disease. The time is overdue to apply
our knowledge of molecular genetics in conjunction
with immunohistochemistry and histology to diagnos-
tic, therapeutic, and prognostic decisions.

Genetic information will improve the prognosis
used to monitor both the efficacy of treatment and the
disease recurrence. Molecular markers, largely from
tumors but also from germline, have great potential for
diagnosis, for directing treatment, and as indicators of

the outcome. In other words, these markers are of con-
siderable importance to clinical practitioners. For this
and other reasons the role of gene mutations in cancer
is emphasized because the characteristics of the tumor
depend on the mutations that lead to their emergence.
For example, down-regulation of tumor suppressor
genes BRCA1/2 and their proteins is a well-known test
for breast cancer susceptibility, resulting in poor prog-
nosis. Indeed, methods of molecular testing of tumors
are finally well established and are discussed in this
and other volumes of this series of handbooks.
Widespread molecular testing is the future for clinical
practice.

Unfortunately, clinical practice has lagged behind
the current knowledge of research in molecular genet-
ics. Both technicians and pathologists need to be aware
of the importance of molecular pathology testing.
Somatic mutations are rarely performed, although some
histopathology and cytogenetics laboratories have done
limited testing such as chromosomal rearrangements
in lymphoma. Molecular testing should be regarded as
a means of complementing, rather than replacing,
established methods such as immunohistochemistry
and FISH.

There are several reasons for the limited use of
molecular genetics in clinical practice. One reason is
the high cost of establishing facilities for molecular
techniques; another is our comparatively meager
understanding of the nature of many diseases, including
cancer. Although equipment for molecular testing is
available, some investment is needed. Another reason is
the dearth of clinician–scientist training programs,
resulting in limited clinician–scientists. Also, an
inequity in pay exists between those working in clini-
cal practice versus research faculty. Accordingly, the
differential in pay may be a disincentive for choosing
a full-time career in medical research. The length of
time (8 years as an average) to receive the M.D./Ph.D.
is probably also a barrier in the development of new cli-
nician–scientists. Many clinician–scientist trainees are
married, or are in stable relationships, and personal time
for family life and children is increasingly important.
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Narrowing the gap in income between clinical practi-
tioners and full-time medical researchers would
provide a positive incentive for this profession.

Pathologists are well advised to adapt to modern ther-
apeutic shifts (i.e., morphologic interpretation needs
to be combined with molecular diagnostic modalities).
The latter protocols can provide a second level of testing
that is particularly useful for the analysis of neoplasms
for which histologic and immunophenotypic data are
inconclusive. Therapies already are beginning to
progress more and more toward specific molecular
targets. Examples are deoxyribonucleic acid (DNA)
microarrays, differential display of gene expression,
serial analysis of gene expression, comparative genomic
hybridization, rolling circle amplification, reverse tran-
scription polymerase chain reaction, FISH, Southern
Blot hybridization, and specific cloned probes; most of
these methods were discussed in Volume 1 and are also
discussed in this volume. Flow cytometry technology
is also presented. We already are down a path that has
the potential to alter oncology clinical practice. My
hope, through this series of volumes, is to expedite the
translation of molecular genetics into clinical practice.

I am indebted to the authors of the chapters for their
promptness and appreciate their dedication and hard
work in sharing their expertise with the readers.
In most cases the protocols presented were either
introduced or refined by the authors and routinely
used in their clinical pathology laboratories. The meth-
ods presented here offer much more detailed informa-
tion than is available in scientific journals. Because
of its relatively recent emergence from the research

laboratory, many molecular pathology protocols are
still found in scientific journals only and have not
appeared in a book. Each chapter provides unique indi-
vidual practical knowledge based on the expertise of
the author. As with all clinical laboratory testing, the
results obtained should be interpreted in conjunction
with other established and proven laboratory data and
clinical findings.

This volume has been developed through the efforts
of 97 authors, representing 15 countries. The high
quality of each manuscript made my work as the editor
an easy one. The authors were gracious and prompt.
This volume is intended for use in research and clinical
laboratories by medical technicians and pathologists,
especially in the field of oncology. This volume will
also be of interest and help to medical students.

I appreciate the cooperation extended to me by Hilary
Rowe, a valued, competent publishing editor. As the
sponsoring editor, her understanding of the importance
of this project in the field of human carcinomas helped
me to embark on this uniquely difficult and complex
endeavor and bring it to fruition. I am grateful to
Dr. Frank Esposito and Dr. Dawood Farahi for their
recognition of my teaching and scholarly contributions,
and for their help. I acknowledge the hard, efficient work
of Denise DeLancey, the production editor. I greatly
appreciate receiving indispensable, expert help from
Eliza McGovern in the preparation of the manuscript.

M.A. Hayat
February 2004
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