Muin S.A. Tuffaha

Phenotypic and Genotypic Diagnosis
of Malignancies

An Immunohistochemical and Molecular Approach

WILEY-
VCH

WILEY-VCH Verlag GmbH & Co. KGaA






Innodata
9783527622399.jpg





Muin S.A. Tuffaha
Phenotypic and Genotypic
Diagnosis of Malignancies



Related Titles

Meyers, R. A. (ed.)
Cancer

From Mechanisms to Therapeutic Approaches

2007
ISBN: 978-3-527-31768-4

Kumar, C. S. S. R. (ed.)

Nanomaterials for Cancer Diagnosis

2007
ISBN: 978-3-527-31387-7

Knudsen, S.

Cancer Diagnostics with DNA Microarrays

2006
ISBN: 978-0-471-78407-4

Kiaris, H.

Understanding Carcinogenesis
An Introduction to the Molecular Basis of Cancer

2006
ISBN: 978-3-527-31486-7

zur Hausen, H.

Infections Causing Human Cancer

2006
ISBN: 978-3-527-31056-2

Kumar, C. S. S. R. (ed.)

Nanomaterials for Cancer Therapy

2006
ISBN: 978-3-527-31386-0

Debatin, K.-M., Fulda, S. (eds.)

Apoptosis and Cancer Therapy
From Cutting-edge Science to Novel Therapeutic Concepts

2006
ISBN: 978-3-527-31237-5



Muin S.A. Tuffaha

Phenotypic and Genotypic Diagnosis
of Malignancies

An Immunohistochemical and Molecular Approach

WILEY-
VCH

WILEY-VCH Verlag GmbH & Co. KGaA



The Author

Dr. Muin S. A. Tuffaha

German Jordan Center for Laboratory Medicine
P.O. Box 925705

Amman, 11190

Jordan

All books published by Wiley-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information contained
in these books, including this book, to be free of
errors. Readers are advised to keep in mind that
statements, data, illustrations, procedural details or
other items may inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the
British Library.

Bibliographic information published by

the Deutsche Nationalbibliothek

Die Deutsche Nationalbibliothek lists this
publication in the Deutsche Nationalbibliografie;
detailed bibliographic data are available on the
Internet at <http://dnb.d-nb.de>.

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim

All rights reserved (including those of translation into
other languages). No part of this book may be
reproduced in any form — by photoprinting,
microfilm, or any other means — nor transmitted or
translated into a machine language without written
permission from the publishers. Registered names,
trademarks, etc. used in this book, even when not
specifically marked as such, are not to be considered
unprotected by law.

Composition Thomson Digital, Noida, India
Printing  betz-druck GmbH, Darmstadt
Bookbinding Litges & Dopf GmbH, Heppenheim
Cover Design  Adam-Design, Weinheim

Printed in the Federal Republic of Germany
Printed on acid-free paper

ISBN: 978-3-527-31881-0



Dedicated to the light of my life
My father and mother

Sami and Haya

For their love and support






2.1
2.2
221

2211
2212
2213
2.2.2

223
224
2.25
2.3
23.1
23.1.1
23.1.2
23.13
23.14
2.3.15
2.3.1.6
23.1.7
23.1.8
2.3.19

Contents

Preface XIII

Introduction to Immunohistochemical and Molecular Methods
in Tumor Diagnosis, and the Detection of Micrometastases
and Circulating Tumor Cells 1

Diagnostic Immunohistochemistry 5

Introduction 5

Pharmacopathology 6

Evaluation of Steroid Hormone Receptor Status by Semi-Quantitative
Estimation of Receptor Expression (Estrogen, Progesterone and
Androgen Receptors) 6

Estrogen Receptor 6

Progesterone Receptors 8

Androgen Receptors 9

Estimation of Human Epidermal Growth Factor Receptor-2
Expression 9

Estimation of Epidermal Growth Factor Receptor Expression 12
Detection of CD 20 14

Detection of C-Kit Oncoprotein (CD117) 15
Immunophenotypic Profiles of Tumors 17

Soft Tissue Tumors 17

Fibrous and Myofibroblastic Tumors 17

Fibrohistiocytic Tumors 18

Lipomatous Tumors 18

Smooth Muscle Tumors 19

Skeletal Muscle Tumors 19

Endothelial Tumors 19

Perivascular Tumors 20

Peripheral Nerve Tumors 20

Primitive Neuroectodermal Tumors and Related Lesions 21

Vil



il

Contents

2.3.1.10
2.3.1.11
2.3.1.12
2.3.1.13
2.3.1.14

2.3.2
233
2331
2332
234
2.35
2.3.6
237
2.3.8
2.3.8.1
2.3.8.2
2.3.9
2.39.1
2.39.2
2393
2394
2.3.10
2.3.11
23.111
2.3.11.2
2.3.12
2.3.13
2.3.13.1
2.3.13.2
2.3.14
2.3.15
2.3.15.1
2.3.15.2
2.3.16
2.3.17
2.3.17.1
2.3.17.2
2.3.18
2.3.18.1

2.3.18.2
2.3.18.3
2.3.18.4
2.3.19

Mesothelial Tumors 21

Synovial Tumors 22

Extraskeletal Osseous and Cartilaginous Tumors 22
Melanocytic Tumors 22

Miscellaneous Tumors and Tumors of Uncertain
Differentiation 22

Central Nervous System Tumors 24

Respiratory Tract and Lung Tumors 24

Upper Respiratory Tract Tumors 24

Lung Tumors 25

Pituitary Gland Tumors 26

Thyroid Tumors 26

Parathyroid Tumors 27

Thymic Epithelial Tumors 27

Salivary Gland Tumors and Odontogenic Tumors 28
Salivary Gland Tumors 28

Odontogenic Tumors 29

Gastrointestinal Tract Tumors 29

Esophageal and Gastric Tumors 29

Intestinal Tumors 29

Gastrointestinal Neuroendocrine Tumors 29
Gastrointestinal Stromal Tumors 30
Hepatobiliary Tumors 30

Pancreas Tumors 31

Tumors of Exocrine Pancreas 31

Tumors of Endocrine Pancreas 31

Adrenal Gland Tumors 32

Renal, Urinary Tract and Urinary Bladder Tumors 32
Renal Tumors 32

Urinary Tract and Urinary Bladder Tumors 33
Breast Tumors 33

Female Genital Tract Tumors 35

Tumors of Uterine Cervix and Uterine Corpus 35
Ovarian Tumors 36

Prostate and Seminal Vesicle Tumors 38
Testicular and Paratesticular Tumors 38
Testicular Tumors 38

Paratesticular Tumors 39

Lymphoid Neoplasia 39

Evolution of Immunophenotypic Profile of Non-Neoplastic
Lymphocytes 39

B-Cell Neoplasia 40

T-Cell Neoplasia 42

Hodgkin’s Lymphoma 43

Myeloid Neoplasia 44



2.3.19.1

2.3.19.2
2.3.19.3
2.3.20
2.4

2.5

2.5.1
2.5.2

2521
2522
2523
2524
253

2531
2.5.3.2
2533
2534
2.5.35
2.5.3.6
2.5.3.7
2.5.3.8

3.1
3.1.1
3.2
3.2.1
3.2.1.1
3.21.2

3.2.2

3.2.2.1
3.23

3.23.1
3.23.2
3.233
3.24

3.24.1
3.24.2
3243

Contents

Evolution of Immunophenotypic Profile of Non-Neoplastic
Myeloid Cells 44

Acute Myeloid Leukemia 46

Chronic Myeloid Neoplasia 46

Histiocytic and Dendritic Cell Tumors 47

Common Antibodies used for Tumor Diagnosis on Paraffin
Sections and Expression Pattern 48
Immunohistochemical Staining: Avidin—Biotin Horseradish
Detection System 73

Standard Staining Protocol (ABC Method) 74
Troubleshooting and Problems Occurring During
Immunohistochemical Staining 77

Overstaining 77

Non-Specific Background Staining 77

Weak Staining 77

No Staining 77

Preparing of Solutions and Slides for Immunohistochemical
Staining 78

Buffered Neutral Formalin (10%) 78

Phosphate Buffer Saline 0.01 M 78

Citrate Buffer, pH 6 (10 x Stock Solution) 78

EDTA Buffer, pH 8 (1 mM Working Solution) 78
Tris/EDTA/Tween Buffer, pH 9 (10 x Stock Solution) 78
EDTA Decalcification Solution 79

DAB Stock Solution 79

Coated Slides for Immunohistochemical Staining 79

Molecular Diagnosis of Tumors 81

Introduction 81

Molecular Diagnosis of Tumors at the Genomic Level 86
Nucleic Acids and Techniques 90

Working with DNA 90

DNA Extraction 91

Storage, Quantification and Determination of Quality
of Genomic DNA 96

Working with RNA 98

RNA Extraction 100

Polymerase Chain Reaction 104

Standard Polymerase Chain Reaction 104

Multiplex PCR 108

Real-Time PCR 109

Reverse Transcriptase Polymerase Chain Reaction 111
One-Step RT-PCR 112

Two-Step RT-PCR 113

Notes for Performing RT-PCR 114



X | Contents

3.2.5 Quality Control for DNA and RNA Extraction and Amplification 114
3.2.6 Electrophoresis and Detection of Mutations 116

3.2.6.1 Polyacrylamide Gel 116

3.2.6.2 Agarose Gel 117

3.2.6.3 Principle of Denaturing Gel Analysis 119

3.2.7 Detection of Mutations by Electrophoresis 119

3.2.7.1 Single-Strand Conformational Polymorphism 119

3.2.7.2 Heteroduplex Analysis 119

3.2.8 In Situ Hybridization 119

3.2.8.1 ISH Technique 121

33 Diagnosis of Tumors, Micrometastases and Circulating Tumor

Cells by Molecular Detection of Specific Chromosomal
Translocations 123

3.3.1 Introduction 123

3.3.2 Molecular Diagnosis of Solid Tumors 125

3.3.2.1 Molecular Detection of Synovial Sarcoma 125

3.3.2.2 Molecular Detection of Ewing’s Sarcoma and Primitive
Neuroectodermal Tumor 129

3.3.23 Molecular Detection of Desmoplastic Small Round Cell Tumor 134

3.3.24 Molecular Detection of Clear Cell Sarcoma (Malignant
Melanoma of Soft Tissue) 136

3.3.25 Molecular Detection of Alveolar Rhabdomyosarcoma 138

3.3.2.6 Molecular Detection of Myxoid Liposarcoma 141

3.3.2.7 Molecular Detection of Extraskeletal Myxoid Chondrosarcoma 144

3.3.2.8 Molecular Detection of Dermatofibrosarcoma Protuberans and
Giant Cell Fibroblastoma 146

3.3.29 Molecular Detection of Inflammatory Myofibroblastic Tumor 148

3.3.2.10 Molecular Detection of Alveolar Soft Part Sarcoma 151

3.3.2.11 Molecular Detection of Congenital Fibrosarcoma and

Mesoblastic Nephroma 153
3.3.2.12 Molecular Detection of Endometrial Stromal Tumors 154
3.3.2.13 Molecular Detection of Papillary and Follicular

Thyroid Carcinoma 155

333 Molecular Diagnosis of Hematopoietic and Lymphoid
Neoplasia 159

3.33.1 Molecular Detection of Follicular Lymphoma 159

3.3.3.2 Molecular Detection of Mantle Cell Lymphoma 163

3.333 Molecular Detection of Anaplastic Large Cell Lymphoma 165

3.3.34 Molecular Detection of Chronic Myeloid Leukemia 169

3.3.35 Molecular Detection of Acute Lymphoblastic Leukemia 173

3.3.3.6 Molecular Detection of Acute Myeloid Leukemia 177

3.4 Diagnosis of Lymphoma and Residual Tumor Cells by

Molecular Detection of Gene Rearrangements 183
3.4.1 Introduction 183



3.4.2

343

3.5

351
3.5.2

3.5.10

3.5.11

Contents

Detection of Immunoglobulin Heavy Chain (IgH) Gene
Rearrangement in B-Cell Lymphoma 186

Detection of T-Cell Receptor Gene Rearrangement

in T-Cell Neoplasia 195

Diagnosis of Tumors, Micrometastases, Isolated and

Circulating Tumor Cells by Molecular Detection of Tissue-Specific
Gene Expression 201

Introduction 201

Detection of Micrometastases and Circulating Tumor Cells of
Prostatic Carcinoma by Amplification of Prostate-Specific
Antigen, Prostate-Specific Membrane Antigen and

PTI-1 mRNA 203

Detection of Micrometastases and Circulating Tumor Cells of
Follicular and Papillary Thyroid Carcinoma by Amplification of
Thyroglobulin, Thyroid Peroxidase and TTF-1 mRNA 206
Detection of Micrometastases and Circulating Tumor Cells of
Hepatocellular Carcinoma by Amplification of Alpha-Fetoprotein
and Albumin mRNA 208

Detection of Micrometastases and Circulating Tumor Cells of
Malignant Melanoma by Amplification of mRNA of Melanoma-
Associated Antigens: Tyrosinase, P97, MUC-18, HMB45,
Melan-A, MAGE and GAGE Family Members 210

Detection of Micrometastases and Circulating Tumor Cells of
Adenocarcinomas by Amplification of Carcinoembryonic Antigen
mRNA 214

Detection of Micrometastases and Circulating Tumor Cells of
Neuroblastoma by Amplification of Tyrosine Hydroxylase and
PGP 9.5 mRNA 216

Detection of Micrometastases and Circulating Tumor Cells of
Tumors with Neuroendocrine Differentiation, PNET and Small
Cell Carcinoma of the Lung by Amplification of Neuroendocrine-
Specific Markers mRNA: Chromogranin A, Neuron-Specific
Enolase, Choline Acetyltransferase, Secretogranin II and
Somatostatin Receptor Type 2 218

Molecular Diagnosis of Rhabdomyosarcoma and Detection of
Micrometastases and Circulating Tumor Cells by Amplification of
Muscle-Specific Markers mRNA: Myo D1, Myogenin, Myoglobin
and Fetal Acetylcholine Receptor 220

Detection of Micrometastases and Circulating Tumor Cells of
Squamous Cell Carcinoma by Amplification of Squamous Cell
Carcinoma Antigen mRNA 223

Detection of Micrometastases and Circulating Tumor Cells of
Adenocarcinoma by Amplification of MUC-1 mRNA 224

Xl



X

Contents

3.5.12

3.5.13

3.5.14

3.6

3.6.1
3.6.2

3.6.3

3.6.4

3.7
3.7.1
3.7.11
3.7.1.2
3.7.2
3.7.3

3.7.31
3.7.3.2

Detection of Micrometastases and Circulating Tumor Cells of
Colorectal Adenocarcinoma by Amplification of Guanylyl Cyclase
Cand CDX-2 mRNA 225

Detection of Micrometastases and Circulating Tumor Cells of
Breast Carcinoma by Amplification of Mammaglobin mRNA 227
Detection of Micrometastases and Circulating Tumor Cells of
Transitional Cell Carcinoma by Amplification of Uroplakins
mRNA 230

Diagnosis of Tumors, Micrometastases, Isolated and Circulating
Tumor Cells by Molecular Detection of Tissue-Specific
Cytokeratins 233

Introduction 233

Detection of Micrometastases and Circulating Tumor Cells of
Malignant Epithelial Neoplasia by the Amplification of Cytokeratin 8
and Cytokeratin 18 mRNA 234

Detection of Micrometastases and Circulating Tumor Cells of
Malignant Epithelial Neoplasia by the Amplification of
Cytokeratin 19 mRNA 235

Detection of Micrometastases and Circulating Tumor Cells of
Malignant Epithelial Neoplasia by the Amplification of
Cytokeratin 20 mRNA 236

Molecular Detection of Tumor-Associated Viruses 239
Introduction 239

DNA Viruses 239

RNA Viruses 240

Detection of Human Papillomavirus 240

Detection of Human Herpesviruses: Epstein—Barr Virus and
Human Herpesvirus 8 245

Epstein—Barr Virus 245

Human Herpesvirus-8 247

Classification of Malignancies and the Status of Minimal Residual
Cancer Disease (an Addition to the TNM Classification) 251

Bibliography 253

Index 279



Preface

Recent years have seen an explosive increase in new methods in diagnostic tumor
histopathology, especially in the immunohistochemical, genetic and molecular
profiling of tumors. The idea for this book began with the first edition in 2002,
when I published my personal notes and experience in immunohistochemistry and
molecular pathology, which I frequently use in my daily work as a histopathologist.
The continuous development of new antibodies and molecular diagnostic methods
make it necessary to constantly update the information in this book; and the second
updated edition was published in 2005.

In this edition the majority of the chapters have been reviewed, the immunobhis-
tochemical profile of the different tumor groups is updated and the most recent
WHO classification of tumors is considered. Also, new chapters in immunohisto-
chemistry, molecular protocols and molecular diagnosis have been added.

The book is designed to be a practical, easy to use bench reference in immuno-
histochemistry and molecular pathology, useful for the diagnosis and differential
diagnosis of tumors. This book should be of value to histopathologists, oncologists,
hematologists and laboratory technicians.

Amman, December 2007 Muin S.A. Tuffaha

Xin
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Introduction to Immunohistochemical and Molecular Methods
in Tumor Diagnosis, and the Detection of Micrometastases
and Circulating Tumor Cells

Solid and hematological tumors make a large heterogeneous group with different
histogenesis and pathogenesis, different biological and clinical behaviors and
consequently different responses to various therapeutic methods, which make
accurate diagnosis and precise tumor classification essential for tumor management.

During recent years, classic surgical pathology has rapidly developed and now,
beside conventional microscopy and electron microscopy, there are a number of
additional highly sensitive diagnostic tools, including immunohistochemistry, cyto-
genetics and molecular pathology. These methods provide further objectives and
reproducible criteria for diagnosis, classification and follow-up of tumors.

Since the late 1980s, immunohistochemistry has presented a sensitive and
uncomplicated method to screen the immunophenotypic profailes of different
tumors to determine their histogenesis by immunological detection of a specific
cellular antigens on tissue sections prepared from frozen tissue or formalin-fixed
paraffin-embedded tissue blocks. Nowadays we have several hundreds of monoclonal
and polyclonal antibodies specific of cellular and extracellular structures. The use of
these antibodies gives us the possibility to classify many undifferentiated tumors
including solid tumors and hematological neoplasia, in addition to the possibility to
determine the sensitivity of some tumors to specific therapeutic agents.

In the past decade, the rapid development of molecular biology provided other
sensitive and powerful molecular tools for the recognition and classification of
tumors. Examples are tumors derived from tissue types characterized by unique
tissue-specific antigens. These antigens or tissue-specific markers are encoded
by the cellular genome and translated into complementary mRNA. The presence
of these tissue-specific mRNAs can be detected by RT-PCR-based methods, repre-
sentative examples are tumors derived from thyroid, prostate and neural tissue.
Other tumors are associated with recurrent specific chromosomal and genetic
aberrations or rearrangements, which can be used as specific genotypic markers.
The detection of tissue-specific transcripts or tumor-specific genetic aberrations by
molecular methods offers the basis for precise tumor diagnosis. This method is now
used for the diagnosis of tumors exhibiting similar morphology and non-specific
immunohistochemical phenotype such as synovial sarcoma, PNET and melanoma.
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1 Introduction to Immunohistochemical and Molecular Methods in Tumor Diagnosis

Table 1.1 Stages of metastatic process.

Tumor development and evasion of immune response

Separation of the tumor cells from the original tumor

Erosion of basement membrane overcoming of the physiological barriers
Invasion of blood and lymphatic vessels

Adhesion and invasion at different distant sites

Organization of metastatic tissue with the induction of tumor stroma

Itis also used for the diagnosis of many hematological malignancies such as chronic
myeloid leukemia, follicular lymphoma and myelodysplastic syndrome.

Another major problem facing the modern oncology beside the diagnosis and
classification of tumors is the metastatic spread of malignant tumors and tumor
relapse after therapy. Metastases can be the first manifestation of some tumors and
represent an important factor determining patient’s final outcome as they cause
about 90% of deaths from solid tumors.

Additionally, the presence of micrometastases or individual tumor cells in surgical
margins is the major cause of tumor relapse after surgical excision of tumors. The
detection of such submicroscopic micrometastases or disseminated tumor cells in
surgical margins, lymph nodes, bone marrow or peripheral blood is difficult,
impractical or impossible by conventional microscopic examination and needs more
sensitive and specific methods like immunohistochemistry and molecular methods.
Furthermore, a large number of patients with distant metastases are clinically
asymptomatic, which means that more sensitive methods are needed to monitor
tumor progression.

Metastatic spread is an important aspect in tumor biology and usually determines
the clinical behavior. The metastatic process is a long complicated multistep process
which begins with tumor development and evasion of immune response and ends
with the organization of metastatic tissue and the induction of tumor stroma and
neovascularization (Table 1.1).

An additional cause of metastatic spread is assumed to be the dissemination of
tumor cells due to tumor manipulation during surgical intervention or diagnostic
assays. Many reports suggest that the manipulation of tumors could provoke
shedding of tumor cells into blood or lymphatic vessels causing metastatic spread.
To prevent this risk factor the “no-touch isolation technique” with primary lympho-
vascular ligation was suggested many years ago.

One of the first steps to go behind the metastatic cascade is the examination of
peripheral blood to detect potential circulating malignant cells. This method is useful
to follow-up malignancies spreading via the blood stream such as sarcomas,
melanoma, neuroblastoma, prostatic, thyroid and hepatocellular carcinomas. PCR-
and RT-PCR-based molecular techniques are found to be the most efficient assay to
detect circulating tumor cells in peripheral blood, and allow the detection of one
tumor cell in up to10> background nucleated blood cells. However, it is important to
consider that the presence of tumor cells in peripheral blood is only one step in a
multistep process and not all tumor cells circulating in peripheral blood are able to
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attach and proliferate to develop metastases. Many studies show that the majority of
circulating tumor cells are killed by different mechanisms including immunological
and mechanical ways. Experimental studies demonstrate that approximately 0.01%
of circulating tumor cells arising from solid tumors are able to establish metastatic
colonies after extravasation. Animal experiments show that only about 0.01% of
cancer cells injected into the circulation are able to form metastatic colonies with
tumor stroma. In contrast, the presence of tumor cells in peripheral blood is
considered to be a negative prognostic factor correlating with tumor progression
and an essential step to the development of organ metastases. Many clinical
observations suggest that tumor cells detected by sensitive methods during remis-
sion may reflect a latent tumor stadium under the control of the immune system and
tumor cells may be reactivated after suppression of the immune system.

The next station in the metastatic spread after invasion of the lymphatic vessels is
the locoregional lymph nodes, which act as clearing sites for foreign antigens and
tumor cells, mainly for tumors originated from epithelial tissue. Among many
prognostic factors, the status of the locoregional lymph nodes is one of the most
important and useful indicators for most types of carcinomas, such as breast, lung,
esophageal and gastrointestinal carcinomas, and generally the presence of lymph
node metastases is a significant predictor of poor prognosis in all cancers. Many
studies showed that 30-60% of lung, breast, and gastrointestinal cancers already have
lymph node or distant metastases at the time of diagnosis. Recent studies showed that
breast cancer with minimal involvement of a single axillary node, even in form of
disseminated tumor cells, notably correlates with worse prognosis compared with
cases with no axillary node involvement. Regional lymph nodes are subjected to
routine study by conventional microscopy by examination of H&E stained sections
from each removed lymph node, but many studies show that about 20% of the cases
of gastrointestinal carcinoma with histologically negative lymph nodes (pNO0) suffer
tumor relapse in less than five years. Immunohistochemical staining of lymph
nodes performed on frozen or formalin-fixed paraffin-embedded tissue are found to
be more sensitive than the conventional microscopy alone in detection of lymph
node metastases. Recently, molecular methods based on PCR and RT-PCR proved to
be very sensitive tools for the detection of submicroscopic metastases and dissemi-
nated tumor cells with a sensitivity ratio up to one target cell in 10° background cells.
Because molecular methods are costly and time-consuming to be done on all
removed lymph nodes, the alternative examination of the sentinel lymph node has
been suggested. The sentinel lymph node is defined as the first locoregional lymph
node receiving lymph from the tumor mass and can be detected by dye or radioactive
scanning. This method is effective in the management of malignant melanoma and
breast carcinoma.

Another important station for tumor cells is bone marrow, which also acts as a
clearing and filtration site for antigens and malignant cells. Many studies found a
marked correlation between the presence of micrometastases or disseminated tumor
cells in bone marrow and the progress of malignant tumors. Several studies showed
that even the presence of a small number of tumor cells in bone marrow is associated
with poor prognosis in several tumor types such as carcinomas of GIT, breast,

3
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prostate and neuroblastoma and considered as an independent indicator of tumor
relapse.

The detection of malignant cells in different body fluids is also important for tumor
diagnosis and tumor staging. Examination of liquor can be useful in the therapy
of various malignancies such as lymphoma/leukemia, melanoma, breast carcinoma
or primary brain tumors. Examination of pleural effusion and sputum is also
essential in cases of lung and breast carcinoma or primary mesothelioma. The
study of ascitic fluid also gives valuable information in pancreatic and hepatocellular
carcinomas.

In conclusion, the modern approach in the diagnosis of tumors is a multistep
process, which includes conventional histology, immunohistochemistry, cytogenet-
ics and molecular methods. The early detection of micrometastases and circulating
tumor cells before metastatic disease becomes clinically evident gives a better chance
for the eradication of residual tumor cells to prevent tumor relapse in addition to its
prognostic importance.



2
Diagnostic Immunohistochemistry

2.1
Introduction

Immunohistochemistry is a sensitive method to detect tissue- and tumor-specific
antigens using highly specific monoclonal or polyclonal antibodies against
different cellular and extracellular antigens. The antigen—-antibody complex is
detected by various sensitive, direct and indirect detection systems such as the
peroxidase-anti-peroxidase (PAP) system, the alkaline phosphatase—anti-alkaline
phosphatase (APAAP) system and the avidin (streptavidin)-biotin horseradish
peroxidase (ABC) system. The immunohistochemical reaction is performed on
tissue sections prepared from formalin-fixed paraffin-embedded tissue blocks or
frozen tissue, allowing the study of tumor morphology combined with the
immunohistochemical phenotype and the pattern of antigen expression. At the
present time a large number of monoclonal and polyclonal antibodies are used in
immunohistochemistry, covering all types of histogenetic differentiation essential
for the diagnosis of tumors and also helpful for determining the strategies of
tumor therapy.

An additional important benefit from immunohistochemical methods is the
detection of minimal residual tumor cells, since the immunohistochemical stain
of tumor cells is more sensitive than conventional histopathology, allowing the
possibility to detect small groups of tumor cells or even a single tumor cell in tissue
sections or smears. For example, cytokeratin-positive tumor cells can be visualized as
isolated tumor cells or micrometastases in lymph nodes or as disseminated tumor
cells in bone marrow in up to 50% of patients with stage I and stage II breast cancer. In
addition to the diagnostic value and the prognostic information obtained by im-
munophenotyping of tumors, immunohistochemical methods can give valuable
information to evaluate the sensitivity of different tumors to various therapeutic
agents used for tumor therapy (so-called pharmacopathology), discussed in the
following section.
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2.2
Pharmacopathology

Modern immunohistochemical methods play an important role in the therapy
management of many types of malignancies. Using highly specific antibodies it is
possible to detect the expression of specific epitopes which are specific targets for
immunotherapy, such as HER-2, EGRF-1 and CD20. Specific antibodies are also used
to detect the expression of hormone receptors and enzymes which are targets
for receptor antagonists and enzyme inhibitors. Nowadays the semi-quantitative
estimation of steroid receptors, HER-2, EGFR-1, CD20 and CD117 are widely used
for cancer therapy.

2.2.1
Evaluation of Steroid Hormone Receptor Status by Semi-Quantitative Estimation
of Receptor Expression (Estrogen, Progesterone and Androgen Receptors)

The aim of this assay is to evaluate the expression of steroid receptors (receptor
status) in hormone-dependent tumors, since these receptors (estrogen, progesterone
and androgen receptors) are essential for the proliferation and differentiation of
tumors derived from hormone-dependent tissues such as breast, ovarian and
uterine tissue.

2.2.1.1 Estrogen Receptor

Estrogen receptor (ER) is a member of the steroid family of ligand-dependent
transcription factors. There are two isoforms of the estrogen receptor (ER), the
alpha form (ER o) and beta form (ER B). ER o and ER P isoforms have a ~95%
homology in the DNA-binding domain but only ~60% homology in the ligand-
binding domain. These isoforms show different expression in different tissue types:
the ER aisoform is mainly expressed in both epithelial and stromal cells of the breast,
uterus, placenta, liver, CNS, and bone, whereas the ER [ isoform is mainly expressed
in the prostate, testes, ovary, spleen, thymus, skin and endocrine glands, including
the thyroid and parathyroid glands, adrenal glands and pancreas. Both isoforms are
expressed on the nuclear membrane of normal and tumor cells and can be detected
by immunohistochemical staining using specific monoclonal antibodies (such as the
clones 1D5, 6F11) on tissue sections prepared from frozen or paraffin-embedded
tumor tissue. Most antibodies used in immunohistochemistry are directed to the
alpha isoform of the estrogen receptor. Antibodies directed to the beta form of
the receptor molecules are rarely used but overexpression of ER f is noted during
the progression of breast tumors and is thought to be a sign of tamoxifen resistance.
This assay is essential for the therapy management of breast and endometrial
cancers to determine the response of these tumors to the anti-estrogen therapy
(i-e. tamoxifen) or oophorectomy. Statistical observations reveal that about 70% of
the patients with estrogen receptor-positive tumors showed a significant clinical
response to anti-estrogen therapy, whereas about 85% of the patients with
estrogen receptor-negative tumors showed no or little response to this therapy.
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Table 2.1 Scoring system according to Remmele.

Percentage of positive cells Intensity of stain
0 No positive cells 0 No detectable stain
1 <10% 1 Weak nuclear stain
2 10-50% 2 Moderate nuclear stain
3 51-80% 3 Strong nuclear stain
4 >80%

Since the estrogen receptor is an unstable molecule with a short half-life, biopsies
must be handled to preserve the receptor structures. Rapid fixation of tumor tissue
after surgical excision using buffered neutral formalin for 16-24h is essential for
optimal staining.

Few semi-quantitative scoring systems were suggested, whereas the modified
scoring system suggested in 1987 by Remmele, the modified scoring system
suggested in 1985 by McCarty and the Allred scoring system proved to be the most
practical and simple systems. The three systems depend on the evaluation of the
stain intensity and the percentage of positive cells.

Remmele Scoring System  This simple scoring system has a 12-point scale (0-12). To
calculate the score one of the numbers 0, 1, 2 or 3 is given according to the intensity
of the nuclear stain and one of the numbers 0, 1, 2, 3 or 4 is given according to the
percentage of positive tumor cells (Table 2.1). The score is calculated by multiplying
the number reflecting the dominant stain intensity by the number reflecting the
percentage of these positive tumor cells with a maximum score of 12 (3 x 4). Tumors
with a score of less than 3 show usually a poor response to the anti-estrogen therapy
corresponding to 10-20 fmol/mg of cytosol tumor protein using the biochemical
assay. Clinical observations demonstrate a good correlation between the results of
this scoring system and the tumor behavior, especially the response to anti-estrogen
therapy.

McCarty Scoring System This scoring system has a 300-point scale (0-300), calcu-
lated by multiplying the percentage of positive cells (0~100) by the number reflecting
the intensity of the immunohistochemical stain (0: no detectable staining; 1: weak
nuclear staining; 2: moderate nuclear staining; 3: strong nuclear staining). The total
score is explained as follows:

 Negative (—): 50 or less

e Weakly positive (+): 51-100

e Moderately positive (++): 101-200
e Strongly positive (+++): 201-300

Allred Scoring System  The Allred scoring system has an eight-point scale (0-8). This
scoring system is calculated by adding the number representing the proportion of
positive cells 0, 1, 2, 3, 4 or 5 to number reflecting the intensity of the nuclear stain
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Table 2.2 Allred scoring system.

Percentage of positive cells Intensity of stain
0 No positive cells 0 No detectable stain
1 <1% 1 Weak nuclear stain
2 1-10% 2 Moderate nuclear stain
3 10-33% 3 Strong nuclear stain
4 33-66%
5 >66%

0, 1,2 or 3 (Table 2.2). Tumors with a score of less than 3 show usually a poor response
to the anti-estrogen therapy.

Different breast cancer types exhibit different expression levels of steroid receptors
depending on the histological subtype of the tumor, differentiation and proliferation
grade in addition to other cytogenetic features. Papillary, tubular, invasive lobular and
mucinous breast carcinomas are usually associated with a high expression level of
estrogen receptors, whereas medullary, apocrine and metaplastic carcinomas lack
estrogen receptors or show very low expression levels. Note that breast cancers
associated with BRCA-1 and BRCA-2 mutations usually lack the expression of
estrogen receptors. Breast cancer in men is more frequently positive for estrogen
and progesterone receptors and is supposed to be more sensitive to anti-hormonal
therapy. Furthermore the expression level of bcl-2 oncoprotein is markedly
associated with the expression level of steroid receptors, whereas there is an inverse
relationship between the expression of HER-2, EGFR, mammaglobin and Ki-67
(MIB-1) proliferation index and the expression of steroid receptors.

2.2.1.2 Progesterone Receptors

Progesterone is a steroid hormone involved in the differentiation of breast paren-
chyma and endometrium in addition to milk protein synthesis. Progesterone
receptor (PR) is another member of the steroid family expressed on the nuclear
membrane. The progesterone receptor molecule is a 946-amino-acid protein, which
has two homologous isoforms PR-A and PR-B. Both isoforms are expressed in breast
parenchyma, but PR-A is the dominant isoform in endometrial stroma and PR-B is
the dominant isoform in endometrial glands. Progesterone receptors can be detected
by immunohistochemistry using specific polyclonal and monoclonal antibodies
(such as the 1A6 clone). Progesterone receptor status is one of the important
prognostic factors in breast, endometrial and ovarian cancers. A high expression
level of both estrogen and progesterone hormone receptors is a positive prognostic
factor for breast and endometrial cancers and predicts a good response to anti-
estrogen therapy. Several clinical observations show that estrogen and progesterone
receptor-positive breast cancers show a good response to tamoxifen therapy in about
77% of cases, whereas estrogen-positive but progesterone-negative breast cancers are
more likely to be poorly differentiated, with more aggressive behavior. The estrogen-
positive, progesterone-negative breast cancers show a better response to aromatase
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inhibitors but are more resistant to tamoxifen therapy, with an optimal response to
the tamoxifen therapy in only 27% of cases; and the response to this therapy is usually
shorter than estrogen-positive, progesterone-positive tumors. It is interesting that
estrogen-negative but progesterone-positive breast cancers show a good response to
tamoxifen therapy in about 45% of cases, while breast cancers negative for both
estrogen and progesterone receptors show an optimal response to the tamoxifen
therapy only in about 10% of cases.

2.2.1.3 Androgen Receptors

Androgen receptor (AR) is also a member of the steroid family of ligand-dependent
transcription factors, which can be detected by immunohistochemistry using specific
antibodies. Androgen receptor is expressed in the majority of estrogen-positive and
in about 50% of estrogen-negative breast carcinomas in addition to DCIS, further-
more the majority of metastatic breast tumors are immunoreactive for androgen
receptor. Clinical studies show also that ER-negative/AR-positive tumors have a
better prognosis and longer disease-free survival than ER- and AR-negative tumors,
which suggests a possible role of the androgen receptors in the breast cancer growth
and differentiation. Androgen receptor is also highly expressed in the prostatic tissue
and in the majority of prostatic tumors. The expression of the androgen receptor is an
important prognostic factor for the cancer of the prostate and correlates with the
grade of prostatic tumors and can give additional information useful for the
treatment of prostatic carcinoma, namely the response to the anti-androgens or
LHRH-analogs.

222
Estimation of Human Epidermal Growth Factor Receptor-2 Expression

Human epidermal growth factor receptor-2 (HER-2 neu) is a member of the type 1
receptor tyrosine kinase family with domains on the cell surface, functioning as
growth factor receptors. The type 1 receptor tyrosine kinase family includes the
receptors HER-1 (EGFR or c-ertbB1), HER-2 (c-erbB-2), HER-3 (c-erbB-3) and HER-4
(c-erbB-4).

The HER-2 neu oncoprotein, also known as p185 or c-erbB-2 (chicken erthroblastic
virus) is a 185-kDa transmembrane glycoprotein encoded by the HER-2 proto-
oncogene located on chromosome 17 q12-21 consists of an extracellular domain
(P105), a single transmembrane segment, and a cytoplasmic tyrosine kinase domain.
In mammals, the HER-2 receptor plays an important role in the development of
neural tissue and cardiac muscle. HER-2 is also normally expressed on the mem-
brane of normal epithelial cells and 20 x 10% to 50 x 10° receptors are generally found
on the surface of normal breast epithelial cells, nevertheless some types of epithelial
tumors are associated with HER-2 overexpression and 2x 10° to 3x 10° receptors
may be expressed on the cell membrane of these tumor cells. HER-2 overexpression
is found in various human carcinomas, mainly breast carcinoma in addition to some
other cancer types such as non-small cell carcinoma of the lung, salivary gland
tumors and gastrointestinal tumors. Remarkable is the HER-2 overexpression in the
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epithelioid components of synovial sarcoma but this phenomenon is not associated
with gene amplification.

About 30% of unselected breast carcinomas are associated with HER-2 over-
expression; most of them are invasive ductal carcinoma, inflammatory breast cancer,
Paget’s disease as well as breast cancer arising in pregnant women, whereas invasive
lobular carcinoma, mucinous carcinoma and medullary carcinoma of the breast are
rarely accompanied by HER-2 overexpression. HER-2 overexpression is also found in
a significant percentage of male breast carcinomas (about 30%).

Another considerable observation is the relationship between the expression of
HER-2 oncoprotein and the expression of steroid hormone receptors. Tumors with
HER-2 overexpression show usually a low expression level of estrogen and progester-
one receptors, while tumors with a high expression level of estrogen and progesterone
receptors often lack overexpression of the HER-2 oncoprotein. Moreover, there is an
inverse relationship between the expression of the bcl-2 oncoprotein and the expres-
sion of both HER-2 and EGFR. It is also interesting to mention that BRCA-1- and
BRCA-2-related breast carcinomas are rarely associated with HER-2 overexpression.

The overexpression of the HER-2 oncoprotein is an important prognostic factor for
breast cancer and the following aspects must be considered:

e Breast cancers with HER-2 overexpression have a poor prognosis with a median
survival rate of 3 years compared with tumors lacking the HER-2 overexpression
having a median survival rate of 67 years.

» Tumors with HER-2 overexpression are frequently poorly differentiated and a high
percentage of the tumor cells is in the S phase.

* A high percentage of tumors with HER-2 overexpression is associated with P53
mutations and the tumor cells are usually bcl-2-negative.

» Tumors with HER-2 overexpression are usually resistant to anti-estrogen therapy
and CMF (cyclophosphamide/methotrexate/5-fluorouracil) chemotherapy.

o Tumors with HER-2 overexpression are usually highly sensitive to the anthracy-
cline chemotherapy (Doxorubicin, Epirubicin) and have an enhanced response to
the taxane chemotherapy (paclitaxel).

o Tumors with HER-2 overexpression are sensitive to the specific immunotherapy
and specific tyrosine kinase inhibitors.

The extracellular domain of the HER-2 neu molecule is the therapeutic target for
the specific IgGlk humanized chimeric monoclonal antibody Trastuzumab
(Herceptin®), approved 1998 and found to be effective in malignancies with HER-2
overexpression. An important aspect of this specific immunotherapy includes the
efficiency against non-proliferating disseminated tumor cells (dormant cells), which
are usually in the GO phase of the cell cycle, where conventional chemotherapy is less
effective. The HER-2 neu molecule is also the target for specific tyrosine kinase
inhibitors such as Tykerb (lapatinib ditosylate), which block the kinase-substrate
interaction and the extracellular tyrosine kinase receptors on tumor cells.
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Foroptimal therapymanagementand toverifythe sensitivity of tumorstothespecific
antibody a three-point semi-quantitative scoring system to determine the HER-2
overexpression is used. The scoring is estimated after immunohistochemical staining
of tumor sections. This immunohistochemical reaction is applicable on routinely
processed sections from formalin-fixed paraffin-embedded tissue using specific
polyclonal (HercepTest™, Dako) or monoclonal (such as the clones PN2A, CB11, SP3,
TAB 250 and B10) antibodies. The antibody included in the HercepTest™ and other
clones such as SP3 and CB11 are directed to the extracellular domain of the HER-2
molecule, while some other clones are directed to the intracellular domain. Because of
thequickdamage ofthe HER-2 molecules dueto oxidation or other factors (slideaging),
fresh prepared tissue slides must be used. Tissue after frozen section is not suitable for
this reaction. Critical for accurate evaluation is the standardization of the immunohis-
tochemical reaction, which includes standard tissue pretreatment, adequate antigen
unmasking (40 mininawater bathat95-100 °C) and theuse of certified antibodies. The
hallmark of the three-point scoring system is the interpretation of the intensity and
continuity of the membrane staining and the percentage of positive cells (Table 2.3).

For precise scoring the following factors must be considered:

o The interpretation of the immunohistochemical stain must begin with the evalua-
tion of standardized control slides with the scores 0, 1+ and 3+.

e Only membrane staining should be evaluated. Cytoplasmic or nuclear stain must
be neglected. Staining caused by edge artifacts must also be ignored.

e Only invasive tumor components must be considered.

e Primary tumors with heterogeneous cell populations exhibiting different expres-
sion intensity of the HER-2 oncoprotein and consequently different scores, must be
particularly documented. In such cases, the assessment of metastatic tissue to
determine the metastasizing cell population is recommended. This phenomenon
is described in about 5% of breast tumors.

Tumors with scores of 0 or 1+ have no gene amplification and no HER-2 over-
expression and consequently show a poor sensitivity to the specific immunotherapy.
Tumors with a score of 3+ are associated with HER-2 overexpression and show a good

Table 2.3 The three-point scoring system.

Score HER-2 overexpression Staining result

0 Negative No detectable staining or membrane staining in
No gene amplification less than 10% of tumor cells

1+ Negative A faint partial membrane staining in more than
No gene amplification 10% of tumor cells

2+ Positive A weak to moderate staining of the entire

membrane in more than 10% of tumor cells
3+ Positive A strong staining of the entire membrane

High gene amplification in more than 10% of tumor cells
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response to the specific antibody therapy, whereas tumors with a score of 2+ needs a
further confirmation to estimate the number of gene copies in the tumor cells to
justify this type of therapy because of possible side-effects and high cost. The
confirmation of the HER-2 overexpression in tumors with a score of 2+ can be
achieved by genetic or chromosomal studies such as fluorescent in situ hybridization
(FISH), chromogenic in situ hybridization (CISH) and real-time PCR assays. The
presence of <2 gene copies in the examined cells indicates no gene amplification,
whereas 2-6 copies signifies low-level amplification and >6 gene copies signifies
strong gene amplification. Many studies show that the concordance between
immunohistochemical score 0, 14+ and 3+ and the FISH method is more than
96%, whereas only 10-33% of tumors with a score of 2+ show HER-2 gene
amplification in the FISH assay, which emphasize the necessity of further confir-
mation of HER-2 overexpression in tumors with a score of 2+.

223
Estimation of Epidermal Growth Factor Receptor Expression

Epidermal growth factor receptor-1 (EGFR, Erbl) is another member of type 1
receptor tyrosine kinase family mentioned in the previous section functioning as
growth factor receptors. EGFR is a transmembrane 170-kDa glycoprotein encoded by
the c-erbB1 proto-oncogene and composed of the three following major domains:

e An extracellular ligand-binding domain, which binds to different growth factors
(see below);

¢ A transmembrane lipophilic region;

¢ An intracellular domain characterized by tyrosine kinase activity initiated in
response to ligand binding.

Epidermal growth factor receptor-1 (EGFR) binds to epidermal growth factor
(EGF), transforming growth factor-o (TGF-u), heparin-binding epidermal growth
factor (HB-EGF), amphiregulin, betacellulin and epiregulin. It plays an essential
role in the development of many normal tissue types and is normally expressed on
the membrane of normal epithelial cells and up to 25 x 10* receptors can be found
on the surface of non-neoplastic epithelial cells such as endometrial cells. The
activation of EGFR pathways is important for cell cycle progression and cell
proliferation in addition to cell differentiation, but the expression or overexpression
of EGFR in tumors is usually a sign of aggressive behavior and poor prognosis.
The deregulation of cell cycle coupled with the overexpression of EGFR has been
observed though the growth and the progression of different tumors of different
histogenesis, mostly epithelial malignancies including carcinoma of the breast, non-
small cell carcinoma of the lung, squamous cell carcinoma of head and neck, renal
cell carcinoma, colon and pancreatic adenocarcinoma, ovarian and bladder carcino-
ma, however some other non-epithelial tumors such as glioblastoma multiforme are
also associated with EGFR overexpression. Note that the EGFR overexpression in
glioblastoma multiforme is a favorable prognostic factor.
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The inhibition of EGFR activity causes the disruption of EGFR pathways and the
blockage of the cell cycle progression leading to cell apoptosis, inhibition of tumor
angiogenesis and suppression of the metastatic activity. EGFR is now the therapeutic
target of different EGFR tyrosine kinase inhibitors such as lapatinib ditosylate and
specific monoclonal antibodies such as the chimeric IgGlk antibody Cetuximab
(Erbitux®), the human IgG4x antibody Panitumumab (Victibix®) and the humanized
IgG1 antibody Nimotuzumab (TheraCIM®). The specific antibodies are now
approved and used for the therapy of EGFR positive tumors such as colorectal and
head and neck carcinomas.

The overexpression of EGFR can be estimated by the immunohistochemical
staining using different specific polyclonal or monoclonal primary antibodies such
as the clones E30, EGFR.25 and 31G?7. For optimal immunohistochemical staining,
unmasking of EGFR antigen by enzymatic digestion is needed (optimally 5min
digestion with 0.1% proteinase K). For the immunohistochemical staining and the
evaluation of EGFR overexpression, we have to take the same cautions listed in the
previous HER-2 section.

Two scoring systems were proposed for the semi-quantitative evaluation of EGFR
overexpression in order to estimate the response of related tumors to the specific
immunotherapy:

e The first system is identical to the three-point scoring system used for the
estimation of HER-2 overexpression.

e The second system is a modification of the scoring system suggested by
Remmele used for the evaluation of the estrogen receptor status. This scoring
system has a nine-point scale (0-9) and calculated by multiplying the number
reflecting the dominant intensity of the membrane stain 0, 1, 2 and 3 by the
number reflecting the percentage of these positive tumor cells 0, 1, 2 and 3, asin
Table 2.4.

According to this scoring system tumors having a score of less than 4 considered to
have low EGFR expression and show a poor response for the specific therapy. The
presence of cells showing cytoplasmic stain must also be mentioned.

Other similar pharmacopathologic diagnostic systems are now developed for other
growth factor receptors, which can be the target for immunotherapy agents or specific

Table 2.4 The nine-point scale (0-9) is calculated by multiplying
the number reflecting the dominant intensity of the membrane
stain (0, 1, 2, 3) by the number reflecting the percentage of these
positive tumor cells (0, 1, 2, 3).

Percentage of positive cells Intensity of stain
0 No positive cells 0 No detectable stain
1 <10% 1 Weak nuclear stain
2 <50% 2 Moderate nuclear stain
3 >50% 3 Strong nuclear stain




14

2 Diagnostic Immunohistochemistry

inhibitors such as the vascular endothelial growth factor receptor (VEGFR) and the
platelet-derived growth factor receptor (PDGFR).

The vascular endothelial growth factor receptor binds to the vascular endothelial
growth factor stimulating the proliferation of the vascular endothelium and increas-
ing the vascular permeability, which may cause tumor progression. VEGFR is the
therapeutic target for the humanized IgG1-specific antibody Bevacizumab (Avastin®)
found to be effective in metastatic colorectal carcinomas.

The platelet-derived growth factor receptor is a further growth factor receptor,
which binds to the platelet-derived growth factor causing the proliferation of
mesenchymal cells. PDGFR is also the target of specific therapeutic antibodies.

2.2.4
Detection of CD 20

CD20 is a non-glycosylated 33-kDa phosphoprotein encoded by a gene located on
chromosome 11q12-13, next to the site of the t(11; 14)(q13; q32) translocation
associated with mantle cell lymphoma. This transmembrane antigen is expressed in
the late pre-B cell stage after CD19/CD10 expression but before CD21/CD22 and
surface immunoglobulin expression. CD20 remains as a constant antigen through-
out the course of B-lymphocyte maturation but is absent in plasma cells.

CD20 (also known as L26) acts as a receptor playing role in the differentiation,
activation and proliferation of B-lymphocytes. CD20 is also expressed on neoplastic
B-lymphocytes and found almost in all lymphomas/leukemias of B-lymphocyte
derivation. The extracellular domain of this antigen can be a suitable target for
specific antibodies for the treatment of malignancies carrying this antigen. Ritux-
imab (Rituxan®) a chimeric monoclonal IgG1x antibody, Y-90 radiolabeled Ibritu-
momab (Zevalin®) murine monoclonal IgG1x antibody and the I-131 radiolabeled
Tositumomab (Bexxar®) murine monoclonal IgG2a\ antibody are examples for
CD20-specific antibodies. These specific antibodies are used for the treatment of
various types of CD20-positive B-cell lymphoma especially low-grade lymphomas
mostly follicular lymphoma. This antigen can be detected on tissue sections using
specific monoclonal antibodies (such as clone 126) to determine the sensitivity of
these malignancies to the specific immunotherapy.

Many other lymphocyte-, leukocyte- and plasma cell-specific antigens are also now
the target for specific therapeutic antibodies and can be detected by immunohis-
tochemistry or flow cytometry such as CD22, CD 33, CD38 and CD52.

CD22 (D22 (also called as B-lymphocyte cell adhesion molecule or BL-CAM) is
another B-cell-associated antigen, a type 1 integral membrane glycoprotein expressed
in early B-lymphocytes differentiation, almost in the same stage as CD19 expressed.
CD22 is also highly expressed in many types of B-cell lymphomas such as hairy cell
lymphoma and expressed in about 90% of high-grade B-cell lymphoma. CD22 can be
detected by immunohistochemistry using specific antibodies. CD22 is the therapeu-
tic target of specific antibodies such as the humanized IgG1l antibody HLL2



