
Molecular Biology in Cellular
Pathology

Edited by

John Crocker
Department of Cellular Pathology,

Heartlands Hospital, Birmingham, UK

Paul G. Murray
Department of Pathology,

The Medical School University of Birmingham, Birmingham, UK





Innodata
0470864982.jpg





Molecular Biology in Cellular

Pathology





Molecular Biology in Cellular
Pathology

Edited by

John Crocker
Department of Cellular Pathology,

Heartlands Hospital, Birmingham, UK

Paul G. Murray
Department of Pathology,

The Medical School University of Birmingham, Birmingham, UK



Copyright  2003 John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester,
West Sussex PO19 8SQ, England

Telephone (+44) 1243 779777

Email (for orders and customer service enquiries): cs-books@wiley.co.uk
Visit our Home Page on www.wileyeurope.com or www.wiley.com

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording,
scanning or otherwise, except under the terms of the Copyright, Designs and Patents Act 1988 or
under the terms of a licence issued by the Copyright Licensing Agency Ltd, 90 Tottenham Court
Road, London W1T 4LP, UK, without the permission in writing of the Publisher. Requests to
the Publisher should be addressed to the Permissions Department, John Wiley & Sons Ltd, The
Atrium, Southern Gate, Chichester, West Sussex PO19 8SQ, England, or emailed to
permreq@wiley.co.uk, or faxed to (+44) 1243 770620.

This publication is designed to provide accurate and authoritative information in regard to the
subject matter covered. It is sold on the understanding that the Publisher is not engaged in
rendering professional services. If professional advice or other expert assistance is required, the
services of a competent professional should be sought.

Other Wiley Editorial Offices

John Wiley & Sons Inc., 111 River Street, Hoboken, NJ 07030, USA

Jossey-Bass, 989 Market Street, San Francisco, CA 94103-1741, USA

Wiley-VCH Verlag GmbH, Boschstr. 12, D-69469 Weinheim, Germany

John Wiley & Sons Australia Ltd, 33 Park Road, Milton, Queensland 4064, Australia

John Wiley & Sons (Asia) Pte Ltd, 2 Clementi Loop #02-01, Jin Xing Distripark, Singapore
129809

John Wiley & Sons Canada Ltd, 22 Worcester Road, Etobicoke, Ontario, Canada M9W 1L1

Wiley also publishes its books in a variety of electronic formats. Some content that appears
in print may not be available in electronic books.

Library of Congress Cataloging-in-Publication Data

Molecular biology in cellular pathology / edited by John Crocker, Paul
G. Murray. – 2nd ed.

p. ; cm.
Rev. ed. of: Molecular biology in histopathology, c1994.
Includes bibliographical references and index.

ISBN 0-470-84475-2 (paper : alk. paper)
1. Pathology, Molecular. 2. Pathology, Cellular.

[DNLM: 1. Genetic Techniques. 2. Cell Physiology. 3.
Cells – pathology. QZ 52 M718 20003] I. Crocker, J. II. Murray, Paul,
Ph. D. III. Molecular biology in cellular pathology.

RB43.7 .M6336 2003
611′.018 – dc21

2002154112

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British Library

ISBN 0-470-84475-2

Typeset in 10.5/13pt Times by Laserwords Private Limited, Chennai, India
Printed and bound in Great Britain by TJ International, Padstow, Cornwall
This book is printed on acid-free paper responsibly manufactured from sustainable forestry
in which at least two trees are planted for each one used for paper production.

http://www.wileyeurope.com
http://www.wiley.com


With love

to our families





Contents

Preface xiii

Preface to Molecular Biology in Histopathology xv

List of Contributors xvii

1 Blotting Techniques: Methodology and Applications 1
Fiona Watson and C. Simon Herrington

1.1 Introduction 1
1.2 Blotting techniques 1
1.3 References 15

2 In-situ Hybridisation in Histopathology 19
Gerald Niedobitek and Hermann Herbst

2.1 Introduction 19
2.2 Experimental conditions 20
2.3 Probes and labels 23
2.4 Controls and pitfalls 27
2.5 Double-labelling 29
2.6 Increasing the sensitivity of ISH 31
2.7 What we do in our laboratories 33
2.8 Applications of ISH: examples 35
2.9 Perspective 39

2.10 References 40

3 DNA Flow Cytometry 49
M.G. Ormerod

3.1 Introduction 49
3.2 Definitions and terms 49
3.3 Dye used for DNA analysis 50
3.4 Sample preparation for DNA analysis 52



viii CONTENTS

3.5 Analysis of the DNA histogram 53
3.6 Quality control 53
3.7 Computer analysis of the DNA histogram 55
3.8 Multiparametric measurement 57
3.9 Acknowledgements 59

3.10 References 59

4 Interphase Cytogenetics 61
Sara A. Dyer and Jonathan J. Waters

4.1 Introduction 61
4.2 Interphase cytogenetics 62
4.3 Applications 67
4.4 Conclusion 76
4.5 References 77

5 Oncogenes 79
Fiona Macdonald

5.1 Introduction 79
5.2 Identification of the oncogenes 79
5.3 Functions of the proto-oncogenes 80
5.4 Mechanism of oncogene activation 89
5.5 Oncogenes in colorectal cancer 91
5.6 Oncogenes in breast cancer 94
5.7 Oncogenes in lung cancer 95
5.8 Oncogenes in haematological malignancies 96
5.9 Other cancers 99

5.10 Conclusion 100
5.11 References 100

6 Molecular and Immunological Aspects of Cell Proliferation 105
Karl Baumforth and John Crocker

6.1 The cell cycle and its importance in clinical pathology 105
6.2 Molecular control of the cell cycle 108
6.3 Cell cycle control 111
6.4 The cell cycle and cancer 112
6.5 Immunocytochemical markers of proliferating cells 115
6.6 References 133
6.7 Further Reading 135

7 Interphase Nucleolar Organiser Regions in Tumour Pathology 137
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Preface

Since the publication of the original edition of this book, there have been rapid
advances in our understanding of disease, mainly as a result of the impetus
provided by some of the newer technologies. In particular, the rapidly develop-
ing fields of genomics and proteomics are enabling an understanding of gene
expression both at the mRNA and protein level on a global scale (i.e. the whole
transcriptome or proteome) not previously imaginable. Whereas gene expression
studies in pathology have frequently relied purely on immunohistochemistry and
in situ hybridisation, in their own right still immensely invaluable procedures,
they could only essentially give information on a single gene in a single exper-
iment. Now information on expression from the whole of the genome can be
assessed in a single experiment. Proteomics, in particular, is providing the tools
not only to examine global protein expression, but also to dissect protein func-
tion, through the development of approaches to study protein activity. Likewise,
in genetics, there is an impending revolution. Comparative genomic hybridis-
ation, for a long time a difficult alternative to conventional cytogenetics, will
blossom with the advent of array approaches to, allowing high resolution map-
ping of chromosomal changes across the whole genome without the need for
difficult interpretation of chromosome morphology.

The key question is to what extent these developments will impact on diag-
nostic pathology in the future. The polymerase chain reaction was heralded years
ago with the view that its introduction into routine diagnostic pathology prac-
tice was only a matter of time. Events have not proved this assumption correct;
although the polymerase chain reaction does have applications in routine pathol-
ogy it has not impacted directly in a significant way on routine histopathology.
It is the authors’ view that the same will not be true of the newer technolo-
gies. At the very least these newer approaches may identify a whole host of
disease-specific markers for use in conventional assays for disease. At the other
end of the spectrum, they may change forever the morphological assessment
of disease to be substituted by an entirely objective set of array data providing
detailed information on chromosome changes and global gene expression. We
hope that this new edition will give some insights into some of the developments
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in molecular biology that provide us not only with immense opportunities for
the future but also with considerable challenges.

We would particularly like to thank all those who have contributed to this text
and also our families, to whom we are of course deeply indebted for allowing
us to pursue this project, often at their expense. Mrs Ruth Fry supplied excellent
secretarial support.

John Crocker
Paul Murray

21 October 2002



Preface to
Molecular Biology in Histopathology

The past 20 years have witnessed numerous changes in the practice of histopa-
thology, with many powerful techniques, such as immunohistochemistry and
image analysis, aiding the accuracy and objectivity of diagnosis and research.
However, perhaps the greater revolution, occurring in the past half decade, of the
application of molecular methods, will be even more fruitful. Molecules related
to, for example, hormones, immunoglobulins, infectious agents or chromosomes
can be identified by means of gene probes. Furthermore, the molecular basis of
cell replication has become more clearly understood, assisting in tumour prog-
nosis. What, then, are these new methods? As the title of this book implies, the
techniques included in it are those that can be performed on histological mate-
rial, although not necessarily involving microscopic examination. The reader
should not be led into the belief that ‘molecular’ must always imply ‘DNA’
and, as we can see in at least two chapters herein, ‘molecular’ should have a
wider, more appropriate meaning.

The purpose of this series of volumes is to supply a guide to those just
qualified and undertaking research or to those who have taken degrees some
years in the past and who wish to glean new information rapidly. Thus, this is
not a molecular ‘recipe book’; such exist elsewhere.

In the first chapter, Mr Murray and Professor Ambinder have given an account
of the methods available for the demonstration of infectious agents in situ in
histological material. The applications of these techniques are also outlined.
Chapters 2 and 4 by Drs Fleming, Morey and Yap, and by Drs Waters and Long,
then describe these methodologies and others as applied to the examination of
malignant tissues and chromosomes in histological material.

Chapters 3 and 5 give details of other methodologies, both of which are
not histological (although one may become so). These techniques do, how-
ever, employ histological material, even of archival, paraffin wax-embedded
type. Thus, Dr Young describes the value of the polymerase chain reaction in
histopathology; indeed, this is already being adapted for use as an in situ method.
Dr Camplejohn then describes the techniques of DNA flow cytometry and their
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applications. One of the latter is that of the assessment of cell proliferative sta-
tus. Leading on naturally from this, in Chapter 6 I have given an account of the
molecular basis of the cell cycle and of some of the antibody probes which can
be applied to visualize some of the components of the cell cycle. Also highly
related to cell proliferation is the activity of the interphase nucleolar organizer
region. The full significance of this structure is not yet fully understood but in
the subsequent chapter, Professors Derenzini and Ploton give an account of the
morphological and molecular corollaries of the nucleolar organizer regions.

Just as we are realizing and understanding the importance of cell proliferation
in disease, so we are appreciating that cell death is also central to many physio-
logical and pathological conditions. Accordingly, in Chapter 8, Drs Arends and
Harrison tell us of the molecular basis of ‘programmed cell death’ or apoptosis
in health and disease.

Thus, this volume gives an introduction to the currently available molecu-
lar techniques in histology and an account of the molecular basis of certain
phenomena of importance in everyday histopathology.

John Crocker
Birmingham

1994
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1
Blotting Techniques:
Methodology and Applications

Fiona Watson and C. Simon Herrington

1.1 Introduction

The study of many different types of biomolecules has been advanced by the
ability to attach the molecule to a membrane support. The technique used to
transfer the biomolecules to the membrane is known as blotting and there are
many variations of it. The basic steps in the procedure include the following:
isolation of a cell-free mixture containing the biomolecule of interest; resolving
the mixture into its component parts (if necessary); transfer (blotting) of the
component parts onto a suitable membrane; and detection of the biomolecule
of interest.

In general the blots are named according to the type of molecule that is blotted
onto the membrane and include the Southern, Northern and Western blot which
are used for the detection of DNA, RNA and protein, respectively. Variations of
these, such as the Southwestern, Northwestern and Farwestern techniques, have
been developed and there is also a lesser known technique called the Eastern. In
this chapter we discuss both the methodology used to perform these techniques
and the applications of their use.

1.2 Blotting techniques

The Southern Blot

This technique, which is used to detect specific sequences within mixtures of
DNA, was first described by E.M. Southern in 1975 (Southern, 1975). In a

Molecular Biology in Cellular Pathology. Edited by John Crocker and Paul G. Murray
 2003 John Wiley & Sons, Ltd ISBN: 0-470-84475-2



2 BLOTTING TECHNIQUES: METHODOLOGY AND APPLICATIONS

Intact RNA or
digested DNA

DNA or RNA
size markers

Electrophoresis Migration

Weight
0.2–0.4 kg

Glass plate
Paper towels

Whatman 3 mm paper Membrane

Gel

l
Sponge

Transfer buffer
Reservoir

DNA/RNA transferred to filter

Hybridization with probe

Detection of nucleic acid

Figure 1.1 The steps involved in Southern and Northern blotting. Nucleic acids are resolved
on a polyacrylamide gel prior to their upward capillary transfer onto a suitable membrane.
The membrane is then hybridized with a probe which is suitable for the detection of the
nucleic acid

Southern blot the DNA is size fractionated by gel-electrophoresis and then
transferred by capillary action to a membrane (Figure 1.1). Membrane types
and their uses are discussed in the section ‘Membrane Types’ below.

Non-specific binding sites on the membrane are then blocked and it is incu-
bated with an appropriately labelled probe. Autoradiography or a phosphoimager
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is used to detect nucleic acid/probe hybrids when a radiolabelled probe is used
but non-isotopically labelled probes require detection with a non-radioactive
reporter system (described in the section ‘Detection Methods’ below). The size
of the DNA recognized by the probe is determined by the co-electrophoresis of
DNA fragments of known molecular weight.

The Southern blot technique has many applications. It has provided infor-
mation about the physical organization of single and multicopy sequences in
complex genomes, has expedited cloning experiments with eukaryotic genes,
and was directly responsible for the discovery of introns (Doel et al., 1977).
Southern analysis is used to study the structure and location of genes by identi-
fying restriction length polymorphisms (RFLPs) (Figure 1.2) and with the use of
a pair of isoschizomers recognizing methylated and non-methylated nucleotides,
gene methylation patterns can also be determined (Botstein et al., 1980; Shaw
et al., 1993). Southern blotting has led to an increased understanding of the
genomic rearrangements that are important in the formation of antibodies and
T cell receptors, has identified numerous rearranged genes that are associated
with disease, and has been used in the prenatal diagnosis of genetic disease

X
X

Endonuclease
cutting site

X
X

Radiolabelled
DNA probe

a

a

1 2 3

b

c

b c

Agarose gel electrophoresis
and Southern blot hybridization

Lane 1: Pattern observed if individual homozygous for A
Lane 2: Pattern observed if individual homozygous for B
Lane 3: Pattern observed if individual heterozygous for A and B

A

B

A

B

Figure 1.2 The principle of RFLP analysis. DNA restriction enzymes are used to create
DNA fragments which are resolved by agarose gel electrophoresis. Differences in the size
of the restriction fragments are detected by Southern blotting
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(Chen et al., 1999; Davies, 1986; Kramer et al., 1998; Moreau et al., 1999; Yu
et al., 2000). Activation of oncogenes by gene rearrangement, amplification or
point mutation and inactivation of tumour suppressor genes by DNA rearrange-
ments, point mutations, or allelic deletions can all be detected using Southern
analyses (Munger, 2002). In addition, analysis of the allelic pattern of several
polymorphic variable number of tandem repeats (VNTR) loci in an individual
using the RFLP method can yield probabilities for investigating biological rela-
tionships or for matching forensic material found at a crime scene (Jeffreys
et al., 1985). The Southern blotting technique is also being utilized within the
Human Genome Mapping Project to determine the order of the genes along
the chromosome.

The Northern Blot

In a Northern blot, RNA is the target molecule blotted onto the membrane.
The methodology is similar to that used in a Southern blot (Figure 1.1) but
precautions should be taken to prevent RNA degradation that can be caused
by the presence of ribonucleases, which are stable and active enzymes (Alwine
et al., 1977). To avoid RNase contamination, glassware should be baked and
plasticware rinsed with chloroform prior to use. When possible, disposable plas-
ticware should be used since it is essentially RNase free. Solutions that are made
with ultrapure reagents that are reserved for RNA work in general are treated
with diethylpyrocarbonate (DEPC) to ‘inactivate’ RNases and autoclaved prior
to use. Tris-containing solutions are an exception. These solutions are made
in DEPC-treated water and then autoclaved. It is important to remember that
skin can be an important source of RNase contamination. For isolation of high-
quality RNA, the starting material should be as fresh as possible and, if tissue
or cells cannot be used immediately after harvesting, they should be flash frozen
in liquid nitrogen and stored at −70◦C until use. Commercial RNA isolation
kits are available: these involve lysis of the cells with resultant inactivation of
the ribonucleases as the first step.

A different type of gel from that used for Southern blotting is used for North-
ern blotting. In contrast to DNA, which usually is found as a double stranded
molecule that migrates as a function of hybrid length, RNA has a significant sec-
ondary structure and must be electrophoresed under denaturing conditions if it is
to migrate as a function of nucleotide length. The secondary structure associated
with RNA would also reduce the efficiency of transfer to the membrane support.
Thus RNA is denatured with either glyoxal and dimethylsulphoxide or formalde-
hyde and formamide (Lehrach et al., 1977; Thomas, 1980). The formaldehyde
gel is more common but both techniques are equally efficient. Estimation of the
size of RNA can be achieved by comparing its migration with that of the 18S
and 28S ribosomal components or with commercially available RNA markers of
known size. Northern blots are used both to detect changes in gene expression
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structure & function of, 138

numatrin, 124, 140

OKT9, 118, 120
oligonucleotide probes, 6, 7, 9, 22, 24, 25,

27, 31, 34, 130
oligonucleotides, 6, 10, 13, 32, 40, 126,

171, 227, 253, 257, 258, 269, 270
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oncogene activation, mechanism of, 89
oncogenes, 79–82, 84–89, 91–100

ABL oncogene, 80, 89
ABL proto-oncogene, 87
identification of, 79
MYC oncogene, 80, 88
MYCL oncogene, 80, 88
MYCN oncogene, 80, 88, 96, 99

oncology, 343
oncosis, 153
orthoclone, 345
overlay blotting, additional uses of, 13

p-glycoprotein pump, 51
p21 (Cip/Kip) family, 109
p53, tumour suppressor gene, 91
packaging, 156
PAGE, see polyacrylamide gel

electrophoresis
2D PAGE, 353

paints, 64
Paneth cell, 29
parapoptosis, 154
PARP, 158, 163
PCNA score, 125
PCR products, analysis of, 199

heteroduplex analysis, 199
sequence analysis, 199

Pelizaeus–Merzbacher disease (PMD), 65,
69

peptide nucleic acid (PNA), 234, 236
peptides, 356, 363

synthetic, 333
see also multiple antigenic peptides

permeabilisation, 235, 240, 344
Peutz–Jeghers (P–J) syndrome, 293
phagocytosis, 156, 158, 174
Philadelphia chromosome, 61, 97,

287
Philadelphia gene, 89
phosphatidylserine, 159, 172
phosphodiester bond, 309, 311
phosphorimager, 272
PI3-kinase (PI3-K)/AKT pathway, 84
ploidy, 49, 291
PML/RARα fusion, 71
polyacrylamide gel electrophoresis, 197,

227
polyacrylamide gels, 311, 312
polyclonal antibodies, 330, 332, 343
polyethylene glycol (PEG), 334
polymerase chain reaction (PCR),

193–210, 309, 313
applications of, 202–207, 209

polymerases
Taq DNA polymerase, 234, 236, 237,

240, 243, 244, 246, 253
DNA polymerases, 195, 196

positivity of hybridoma, 335
postnatal diagnosis, 68
Prader–Willi syndrome, 66
preimplantation genetic diagnosis (PGD),

68
prenatal genetic diagnosis, 67
primed in situ labelling see PRINS
primers, 194, 196, 197, 208, 309, 310
primer extension, 195
PRINS, 31, 234, 236, 239
probe technologies, 252
probes, 23

alphoid centromeric probes, 64
genomic probes, 242
locus-specific probes, 63
repetitive sequence probes, 63
single stranded DNA probes, 25
antisense RNA probes, 24
padlock probes, 25
riboprobes, 23, 24, 33, 34
sense RNA probes, 24

prohibitin, 130
proliferating cell nuclear antibody (PCNA),

125, 128
promoter

INK4, 113
propidium iodide, PI, 51
Prostate Apoptosis Response 4 (PAR4)

protein, 167
prostate-specific antigen (PSA), 343
proteases, 155, 163, 240
protein p40, 129
proteins, 277

arrays, 364, 366, 367
function of, 364, 368
multiprotein complexes, 364
rRNA transcription, 139, 141
separation, 353

proteolipid protein gene (PLP), 65,
69

proteome, 352, 364, 366
analysis of, 352

proteomics, 227, 351–368
applications of, 352
quantitation, 356

proto-oncogenes, 80, 82, 84, 88
c-erbB2 (Her2/Neu), 75
functions of, 80
see also nuclear proto-oncogenes
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quadrupole time-of-flight (Q-TOF),
361

quantitative PCR, 194, 200
quencher dye, 254, 255
quencher molecule, 237, 255, 256
quenching, 254–256
quiescent state, 174

radioisotopes, 311, 312
RAG-specific antibodies, 35
RAS/MAPK pathway, 85, 97
Rb protein, 110, 112, 114
reagent sequestration, 247
real-time detection, 262, 263
real-time PCR, 200, 209, 251
reciprocal translocations, 71
recombinant phage antibodies, 329, 340
recombination activating genes (RAGs), 33
reference control gene, 243, 244
reference genes, 264
regulatory proteins, 108
relative fluorescence units (RFUs), 277
relative quantitation, 263
renaturation, 13, 241
replication asynchrony, 66
replicative mosaicism, 176
replicative senescence, 175–177
reporter dye, 254, 255
respiratory syncytial virus (RSV), 339, 346
restriction point ‘R’, 109, 112
retentate map, 227
retinoblastoma (Rb) gene, 114
retroviruses, 79, 80

see also human endogenous retroviruses
reverse transcription PCR (RT-PCR), 194,

199, 225, 226, 251,
in situ RT PCR, 244

reverse-engineering, 274
RFLP (restriction fragment length

polymorphism), 199
rheumatoid arthritis (RA), 347
Rituxan, 345
RNA, 225

extraction, 201
mRNA, 199, 209
synthesis of, 106, 126

RNA binding proteins, 169
rocket immunoelectrophoresis, 332
Rous sarcoma virus, 79
RPI, 139
rTth DNA polymerase, 253, 260

Sanger dideoxy chain termination method,
309

Sanger sequencing, 310
sarcomas, 207
scorpion probes, 251, 262
second generation TaqMan probes, 256
Second Mitochondria-derived Activator of

Caspase (SMAC), 167
SELDI see surface enhanced laser

desorption ionisation
Sendai virus, 334
senescence-associated β-galactosidase

(SA-β-Gal), 178
senescent state, 174
sequence tagged site, 300
sequencing

templates, 309, 316
see also DNA sequencing

sequential immunophenotyping, 76
shotgun clone, 322
signal amplification, 31

RCA, 32
TSA systems, 32

signal transducers, 84
silver-staining, 141–144, 354
Simian virus, 335
single capillary automated sequencer, 317
single chain Fv (scFv) genes, 340
single latent membrane protein-1 (LMP1),

220
single nucleotide polymorphisms (SNPs),

248, 266, 320, 326
genotyping, 266
typing, 320

single strand binding (SSB) protein, 241
single-fusion probes, 71, 72
slab gel automated DNA sequencer, 315
Smad proteins, 84, 114, 115
small cell changes (SCC), 224
small-cell lung cancers (SCLCs), 96
solution phase polymerase chain reaction

(SPPCR), 233, 234
Southern blot, 1, 2

applications of, 3, 6
analysis, 200, 203, 207
hybridisation, 23, 35
RFLP analysis, 3

spacial association, 66
sporadic cancers, 295
SRC, 79, 86
SSC, 23, 242
SSCP (single-stranded conformational

polymorphism analysis), 198
ssDNA, 234
staining, 117, 118, 216
see also immunostaining; silver staining
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stains, 161, 220, 354
nuclear, 161

standard curve method, 264
statin, 129, 130
streptavidin biotin complex (ABC),

343
sub-G1 peak, 57
submicroscopic duplication, 69
surface antigen, 57
surface plasmon resonance (SPR), 367
surface-enhanced laser

desorption/ionisation (SELDI), 227,
367

SYBR green, 251, 252, 262
synagis, 345
Synaptotagmin I, 163, 173
Sypro dye, 357
Sypro post-electrophoretic fluorescent

stains, 354

t-test, 281
TAMRA

(6-carboxy-tetramethyl-rhodamine),
237, 255, 256

TAMRA-NHS-ester, 255
tandem affinity purification (TAP) tagging,

366
TaqMan Cytokine Card, 265
TaqMan PCR technology, 251, 254

applications, 251
tartrate resistant acid phosphate (TRAP),

333
TEL/AML1 fusion, 71
telomerase, 175
telomeres, 175
template, 251, 259, 260
territories, 64, 66
tetrachloro-6-carboxy-fluoroscein (TET),

254
TGF-β, 112, 114
thermal cyclers, 195
thermal lag, 239
thin layer chromatography (TLC), 14
threshold cycle (Ct), 263
thrombospondin (TSP), 159
time of flight (TOF), 360, 361
tissue microarrays (TMAs), 76
toxins, 176
tracking, 315, 316

TRAIL, 168
transduction, 80
transferrin, 118–120
transferrin receptor (TfR), 118–120
transmembrane molecule, 119
trimming, 278
trisomy 21, 61, 67
TRITC, 289
tubulin, 128

spontaneous regression, 75
tumour grade, 95
tumour necrosis factor (TNF), 155
tumour polysaccharide substance (TPS),

128
tumour suppressor, 111, 114
tumour suppressor gene, 193, 288,

293
analysing series of, 292
kidney, 89
pathogenesis, 294
progression of, 294
extra-cranial, 75
solid, 76

TUNEL, 161, 162
two-colour hybridisations, 270
two-hybrid assay, 364

UBF, 139
ubiquitin-dependent proteolysis, 112
universal linkage system, 23

veneering, 339
VIC, 254, 265
vimentin, 128
Vindelov method, 54
viral sequences, detection of, 224

Western-blotting, 10, 333
far western, 12, 13

protein–protein interaction, 12
horizontal blotting, 10
southwestern and northwestern, 11

whole-genome shotgunning, 323

yeast, 107, 324, 356, 365
yeast artificial chromosomes (YACs), 63

z-transform, 280
Zenapax, 345


