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Preface

The aims of Molecular Diagnosis of Cancer are to introduce scientists
and physicians working in the field of diagnostics to the area of cancer
molecular pathology and to highlight the possibilities of its application to the
cancer physician in the clinic. The degree of molecular biological expertise
required should be minimal, although those with more experience may also be
able to benefit from the book. All of the authors have considerable practical
experience in the method they describe and are working predominantly in the
setting of the cancer clinic. As such, the book pulls together a number of tech-
niques that are already being applied to a wide range of malignancies. More-
over, this field will continue to expand exponentially as further research leads
to a greater understanding of the molecular basis of cancer.

Detection of the changes to the DNA or RNA code within a diseased cell
often provides pathological information for the diagnosis, prognosis, and man-
agement of the disease. Such DNA-related analysis is primarily the role of
molecular pathology. Methods to detect these alterations are being refined
and are evolving from the research to the diagnostic laboratory. One of the
single most powerful techniques in this new branch of pathology has been the
polymerase chain reaction (PCR), to which much of this book is devoted. The
use of PCR in pathology not only provides new diagnostic possibilities, but
also requires the acquisition of new expertise in its performance and in inter-
pretation of the results if the full potential is to be achieved.

PCR is an in vitro technique, invented by Kary Mullis, that produces
multiple copies of selected sequences of DNA, provided the sequence is present
in the test DNA sample. Its sensitivity lies in the region of a million-fold
amplification from a template equivalent of as little as a single human cell
and, for this reason, rigorous methods to minimize and control for contamina-
tion are required. An important property of PCR when considering diagnostic
applications is the ability of the method to amplify from target DNA sequences
not only those well prepared from freshly frozen tissue, but also those from
degraded DNA templates, such as those found in paraffin-embedded tissue.

Amplification by PCR is ideally suited to target sequences of DNA below
1000 bases in size, above which the efficiency of the reaction falls dramati-
cally. However, lengthening the extension time for the reaction can yield longer
amplification products. Specificity of the reaction is influenced by several
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vi Preface

factors. Excess of Tag polymerase, excessive extension times, and low
annealing temperatures will all increase the risk of spurious amplification;
however, the opposite approach leads to greater specificity, with the penalty
of a reduced quantity of amplification product. PCR initially leads to an expo-
nential accumulation of DNA, but a plateau of amplification product is even-
tually reached (ideally after 25 cycles). Further amplification within the plateau
phase may lead to accumulation of detectable product from low levels of con-
taminant DNA. Essentially, less rather than more cycles may, ironically, be
optimal in PCR.

Often, the gene sequences that are required to be detected consist of a
number of exon sequences separated by long intron regions. DNA PCR would
not be possible because the distance between the primers is too great. How-
ever, nature normally splices out the intron sequence when producing mRNA,
bringing the exon sequences considerably closer. If the mRNA is extracted
and converted back into complementary DNA (reverse transcription [RT] to
c¢DNA), then this would permit PCR, as described above, to use the exon prim-
ers, as they are much closer. This process (RT-PCR) is useful for the examina-
tion of quite large pieces of DNA, such as chromosomal translocation, in which
the DNA breakpoints are varied and over a large distance but the resultant
chimeric fusion gene remains constant. The use of PCR in molecular diagnos-
tics of cancer primarily uses the RT methodology and has been applied pre-
dominantly in the field of hematological malignancies, in which chromosomal
translocations leading to the presence of chimeric genes are observed in many
cases. The abundance of molecular diagnostic methods in blood malignancies
in part reflects the relative ease of examination, which results from the acces-
sibility of the “tumor” cell from the bone marrow and its presence in a cell
suspension.

Identification of cancers associated with mutations in gene sequences
requires detection of as little as a single base sequence difference. Single-
strand conformation polymorphism (SSCP) analysis is a quick and effective
technique, based on PCR, for the detection of single nucleotide base substitu-
tions. The method relies on the principle that single-stranded DNA takes on
sequenced-based secondary structures (Conformers) under nondenaturing con-
ditions. In real terms, this means that molecules varying by as little as a single
base substitution may form different conformers and migrate differently in a
nondenaturing polyacrylamide gel. The best results are obtained when the DNA
molecule being examined is 200 base pairs or less in size. SSCP analysis for a
base mutation is carried by PCR using flanking oligonucleotide primers (com-
monly to a gene sequence) and incorporating a [**S] or [**P] labeled dATP in
the reaction. The radioactive PCR product is made single stranded by boiling
and is then run on the denaturing gel. The polyacrylamide gel is then dried and
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exposed to an autoradiograph to show the presence or absence of a base muta-
tion. Directly sequencing the PCR product by the dideoxy method (to confirm
correct amplification and the presence of mutations suggested by SSCP) can
be executed in the thermal cycler by a method known as cycle sequencing,
directly incorporating radioactivity. The application of SSCP is predominantly
in the area of solid tumors and is usually suggestive of a tumor suppressor
gene, illustrated well by the P53 and Wilm’s tumor genes.

There are two major problems related to PCR, namely the false positive
and the false negative results. These drawbacks can be largely overcome pro-
vided adequate care and good positive and negative control reactions are car-
ried out at all times with this extremely sensitive technique.

False Positive. Those arising by this contamination constitute a very se-
rious problem. Minute numbers of cells containing equivalent amounts of DNA,
often transferred by contaminated syringes, pipet tubes, tubes, or gloves, may
be readily amplified and cause problems with the interpretation of results.
Only the most stringent precautions taken while collecting and manipulating
samples, together with positive and negative controls (reaction mixes with no
DNA, or DNA known to be negative or positive for the set of primers used), will
help avoid false positive results. Precautions include physically isolating PCR
preparations and PCR product, autoclaving of solutions, UV irradiating solu-
tions, aliquoting reagents, using disposable gloves, avoiding splashes and using
positive displacement pipets, premixing reagents, and adding the test DNA last.

False Negative. Positive and negative controls remain as important when
determining the possibility of a false negative result. The true false negative
means that the target DNA was present in the test DNA, but was not detected
in the PCR reaction. This may be caused by sampling errors in which the
target sequence for PCR was present in very low numbers in the tissue DNA
extracted. The quantity of DNA taken for the reaction would not always be
adequate to contain a PCR target sequence. Poor quality of DNA may also be
a problem. These can be guarded against by using PCR with known primers
that readily amplify human DNA to judge the quality of the DNA for PCR,
whereas multiple testing will help exclude low levels of disease as a cause for
the negative result. RT-PCR raises another problem concerning the false nega-
tive result, which may be owing to a “resting” cell that is temporarily not
expressing the disease-related gene. Here, the failure to detect the positive
result does not exclude its subsequent detection and should be considered when
interpreting RT-PCR results. The last element to be considered is the negative
result with such consensus primers as those used in antigen receptor PCR, in
which clonal evolution by the disease may lead to a negative result, or the
consensus is inadequate to give good annealing for PCR. Essentially, if results
raise doubts, then repeat the PCR.
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As a technique, PCR has now had eight years of development. Modifica-
tions of the basic method in the field of cancer have now provided a sensitive
and flexible approach to the provision number of diagnostic possibilities,
including sequences analysis, detection of base mutations, demonstration of
chimeric gene products, and the determination of the presence or absence of
altered DNA related to disease. In the next few years, there will be a further
expansion with enzymatic amplification becoming even more automated and
entering the routine pathology laboratories to improve our understanding and
management of cancer.

Recently, a number of less sensitive but just as powerful techniques,
including fluorescence in situ hybridization (FISH), a modification called com-
parative genome hybridization (CGH), the detection of apoptosis (programmed
cell death), and in situ hybridization (ISH), have added to the molecular diag-
nostic repertoire. The methodology for these newer methods is given in the
final chapters of this book.

It is our hope that workers in the field of cancer molecular pathology
will be able to use the practical guides given to initiate and evaluate cancer
patients and will also be able to use the experience gained to further develop
their molecular diagnostic skills as further consistent DNA alterations are dis-
covered in tumor material.

Finbarr E. Cotter



Contents

|2 (= = Vol = DR UUUUT PO v
(0701 a112] 0101 0] £ I0TURERUUUTR O xi
LIST OF COlOT PIALES .o eeeeeeee oo eeeeeeeaeeeeseteee e e s eeesan s s ennannseneenes xiii

ParT |. HEMATOLOGICAL MALIGNANCIES

1

PCR of Gene Rearrangements for the Detection of Minimal Residual

Disease in Childhood ALL,

Nick Goulden, Kenneth Langlands, Colin Steward, Chris Knechtli,
Mike Potter, and Tony Qakhill ................cccoocoviviivniiiiiiiiiiiiiineen 3

Detection of BCR-ABL in Hematological Malignancies by RT-PCR,

NIChOI@S C. P. CIrOSS ........ooceoeooeeeeeeeeeeeeee e 25

Molecular Diagnosis of Acute Myeloid Leukemia with Maturation,

FAB-Type M2,
Ewald J. B. M. Mensink and Louis T. F. vande Locht .................... 37
Analysis of the PML/RAR-a Fusion Gene in Acute Promyelocytic
Leukemia by Reverse-Transcription Polymerase Chain Reaction:
Technical Recommendations, Advantages, and Pitfalls,
Daniela Diverio, Anna Luciano, Roberta Riccioni,

Francesco Lo Coco, and Andrea Biondi .............cccccooevvveeniennnnne... 47
RT-PCR Analysis of Breakpoints Involving the MLL Gene Located
at 11g23 in Acute Leukemia,
Chris F. E. Pocock and Finbarr E. Cotter..............ccccocvvmeerivnicccccennn. 55
Polymerase Chain Reaction for Detection of the t(14;18) Translocation
in Lymphomas,
Peter W. M. JORNSON .............cooooeeeeeiiieeieeeeeee e 63
NPM-ALK Reverse Transcriptase-Polymerase Chain Reaction Analysis
for Detection of the 1{2;5) Translocation of Non-Hodgkin’s Lymphoma,
Sheila A. Shurtleff, James R. Downing, and Stephan W. Motrris ........ 75

Molecular Diagnosis of the 5q Deletion in Malignant Myeloid Disorders,
JAckie BOUIIWOOU ...............cccoumreeemeiieiiiceieeeeeee s, 91

Polymerase Chain Reaction Based Methods for Assessing Chimerism
Following Allogeneic Bone Marrow Transplantation,
Mark Lawler and Shaun R. McCann ..................cccccoevcvmvneeneecnc... 105

ix



X

ParT [l. SoLib TumoRrs

10

11

Identification of Mutations in the Retinoblastoma Gene,

ANNette HOQQ ..........ccoooeeiiii ettt

Mutational Analysis of the Wilms’ Tumor (WTI) Gene,

Linda King-Underwood and Kathy Pritchard-Jones.................

PaRT Ill. GENERAL TECHNIQUES FOR CANCER ANALYSIS

12

13

14

15

16

Single-Strand Conformation Polymorphism Mutation Analysis
of the p53 Gene,

V7T G R = 1o o] { o 2

The Characterization of Chromosomal Abnormalities Using
Fluorescence In Situ Hybridization Procedures,

Helena M. KEMPSKi ..........cooocoeevemioeiiiieieeeeeee e

Comparative Genomic Hybridization,

Briana J. WiIlliams ................oooeeoomeeeeeeeeieieeeeeeeeeeeeeeeeee e,

In Situ Hybridization of Cells and Tissue Sections,

Simon J. CONWAY ...........ooooiiioiieieee et

Apoptosis Detection by DNA Analysis,

Paul D. Allen and Adrian C. Newland ................cccccocevvvvemeevnnnn...

Contents



Contributors

PauL D. ALLEN « Department of Haematology, London Medical College,
London, UK

ANDREA BionD1 » Clinica Pediatrica, Universita di Milano, Ospedale S.
Gerardo, Monza, Italy

Mark J. BooTH * LRF Department of Haematology and Oncology, Institute
of Child Health, University of London, UK

Jackie Bourtwoob ¢ LRF Molecular and Cytogenetic Haematology Unit,
Department of Haematology, John Radcliffe Hospital, Oxford, UK

SiMoN J. Conway « Division of Cell and Molecular Biology, The Institute
of Child Health, University of London, UK

FinBARR E. COTTER * LRF Department of Haematology and Oncology,
Institute of Child Health, University of London, UK

NicHoLas C. P. Cross « LRF Centre for Adult Leukaemia, Royal Postgraduate
Medical School, London, UK

DanieLA Diverio * Dipartimento di Biopatologia, Divisione di Ematologia,
Universita “La Sapienza,” Roma, Italy

JaMEs R. DOWNING * Department of Tumor Cell Biology, St. Jude Children’s
Research Hospital, Memphis, TN

Nick GoUuLDEN « Department of Pathology and Microbiology, University
of Bristol, UK

ANNETTE HOGG * The Hanson Centre for Cancer Research, Adelaide, Australia

PETER W. M. Jounson » ICRF Cancer Medicine Research Unit, St. James
University Hospital, Leeds, UK

HeLENA M. Kempskl ¢ LRF Centre for Childhood Leukaemia, Department
of Molecular Haematology, Institute of Child Health, London, UK

Linpa KiNG-UNDERWOOD * Section of Paediatrics, Institute of Cancer
Research, Sutton, UK

CHRris KNECHTLI » Department of Pathology and Microbiology, University
of Bristol, UK

KENNETH LANGLANDS © Department of Pathology and Microbiology,
University of Bristol, UK

MARK LAWLER « Sir Patrick Dun Research Laboratory, Department of
Haematology and Oncology, St. James Hospital and Trinity College,
Dublin, Ireland

Xi



Xii Contributors

Francesco Lo Coco « Dipartimento di Biopatologia, Divisione di Ematologia,
Universita “La Sapienza,” Roma, Italy

ANNa Luciano « Clinica Pediatrica, Universita di Milano, Ospedale S.
Gerardo, Monza, Italy

SHAUN R. McCANN e Sir Patrick Dun Research Laboratory, Department
of Haematology and Oncology, St. James Hospital and Trinity College,
Dublin, Ireland

EwaLp J. B. M. MENsINK ¢ Division of Haematology and Central
Haematology Laboratory, University Hospital Nijmegen, Nijmegen,
The Netherlands

STEPHAN W. MORRIS ¢ Department of Experimental Oncology, St. Jude
Children’s Research Hospital, Memphis, TN

ADRIAN C. NEWLAND * Department of Haematology, London Medical College,
London, UK

ToNy OAkHILL « Department of Pathology and Microbiology, University
of Bristol, UK

Curis F. E. Pocock « LRF Department of Haematology and Oncology,
Institute of Child Health, University of London, UK

MIKE PoTTER * Department of Pathology and Microbiology, University
of Bristol, UK

KaTHY PriTCHARD-JONES * Section of Paediatrics, Institute of Cancer Research,
Sutton, UK

RoBErTA Ricciont ¢ Clinica Pediatrica, Universita di Milano, Ospedale S.
Gerardo, Monza, Italy

SHEILA A. SHURTLEFF * Department of Pathology, St. Jude Children’s
Research Hospital, Memphis, TN

CoLIN STEWARD « Department of Pathology and Microbiology, University
of Bristol, UK

Louis T. F. vaN pg LocHT » Division of Haematology and Central
Haematology Laboratory, University Hospital Nijmegen, Nijmegen,
The Netherlands

BriaNa J. WILLIAMS ¢ Departments of Pediatrics and Human Genetics,
Eccles Institute of Human Genetics, University of Utah, Salt Lake City, UT



List of Color Plates

Color plates appear as an insert following p. 178.

Plate 1 (Fig. 4 from Chapter 13). The application of whole chromosome
paints for the identification of chromosome rearrangement.

Plate 2 (Fig. 8 from Chapter 13). Interphase cells from a patient with
chronic myelogenous leukemia.

Plate 3 (Fig. 11 from Chapter 13). Centromeric probes used following a
sex-mismatched bone marrow transplant.

Plate 4 (Fig. 5 from Chapter 13). Alpha-satellite centromeric probes used
for detection of aneuploidy in interphase cells.

Plate 5 (Fig. 6 from Chapter 13). Phage, cosmid, and YAC probes.

Plate 6 (Fig. 9 from Chapter 13). The detection of loss of heterozygosity
in retinoblastoma.

Plate 7 (Fig. 10 from Chapter 13). The detection of loss of heterozygosity
in Wilms’ tumor.

Plate 8 (Fig. 1 from Chapter 14). Comparative genomic hybridization of
a prostate cancer xenograft, LuCAP; and an inverse DAPI (pseudo-Geisma
binding) image of the same metaphase for chromosome identification.

Xiif



1

PCR of Gene Rearrangements for the Detection
of Minimal Residual Disease in Childhood ALL

Nick Goulden, Kenneth Langlands, Colin Steward,
Chris Knechtli, Mike Potter, and Tony Oakhill

1. Introduction

The study of submicroscopic or minimal residual disease (MRD) in
childhood acute lymphoblastic leukemia may eventually lead to stratification
of therapy on an individual patient basis (reviewed in ref. /). PCR of immuno-
globulin heavy chain (IgH) and T-cell receptor (TCR) gene rearrangements
provides widely informative markers (Table 1), which, in the majority of cases,
are stable during the disease course (2). Generation of leukemia-specific probes
using this technique allows detection of MRD at levels of one leukemic cell in
10,000 to 100,000 normal bone marrow mononuclear cells (BM MNC).

The genes that encode antibody and T-cell receptors provide immense
diversity. They are arranged nto three families called variable (V), diversity
(D), and joining (J) regions. The process of gene rearrangement during normal
lymphocyte development recombines random V, D, and J segments resulting
n a clone-specific DNA sequence. A more detailed description of this can be
found in Steward et al., 1993 (3).

Leukemic cells can be thought of as the clonal progeny of a single lympho-
cyte that has undergone neoplastic transformation during normal development.
In the majority of acute lymphoblastic leukemia (ALL), the leukemic cells have
rearranged their receptor genes prior to diagnosis. As leukemic cells completely
replace the normal BM architecture at presentation, clone-specific gene rear-
rangements can be 1dentified by PCR from marrow DNA obtained at this time.
These can subsequently be used as probes for detection of residual disease
(4-6). 1t should be noted that lineage infidelity occurs in acute leukemia,

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc, Totowa, NJ
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PCR of Gene Rearrangements 5

and a significant number of B-lineage ALL show T-cell receptor rearrange-
ments, and vice versa.

In this chapter we shall discuss our own methods. It is of particular note that
the method discussed here is only semiquantitative. We believe that the only
truly valid method of quantitation of gene rearrangement PCR 1s limiting
dilution analysis. Such an approach significantly increases the complexity of
the technique and 1s beyond the remit of this chapter.

2. Solutions and Materials
2.1. Preparation of Slide DNA for PCR

Glass Pasteur pipet.

Eppendorf tube (1 5 mL)

Phosphate buffered saline (PBS).

PCR buffer 1X* 50 mM KCl, 10 mM Tris-HCI, pH 9 3, 1.5 mM MgCl,, made

from 10X stock
5 Mineral oil

2.2. PCR Protocol
2.2.1. Bulk “Master Reaction Mix”"
For each 1 mL, combine the following reagents:

1 100 pL 10X PCR buffer: 500 mM KCl, 100 mM Tris-HCL, pH 9 3, 15 mM MgCl,

2 8 pL of a 25-mM dANTP mix (prepared by mixing equal volumes of 100 miM
dATP, dCTP, dGTP, and dTTP stock mixes)

3 5 pL each primer (50 mM stock).

4 5 ul Taq DNA polymerase (Cetus) (5 U)

5. 877-uL distilled water (see Note 1)

2.2.2. Locus-Specific PCR Oligonucleotide Primers

The appropriate primer sequences for PCR of each specific locus are shown
in Table 1 (see Note 2)

2.2.3. Preparation of 100-uL PCR Reactions

1. Eppendorf tubes (500 or 200 pL).

2. Light mineral oil (50 pL/tube).

3. 96 pL master mix to each tube.

4. Template DNA in a 4 uL volume (see Note 3)

2.3. Analysis of PCR Products by 8% PAGE (see Note 4)

1. 10X Tris-borate electrophoresis buffer (TBE): 108 g Tris base, 55 g bonc acid, and
40 mL of 0.5M EDTA. Make up to 1 L and autoclave. Store at room temperature.

2. 6X loading buffer 0.25% xylene ¢yanol, 0 25% bromophenol blue, and 30%
glycerol.

B W N —



6 Goulden et al.

3 Ethidium bromide (stock 10 mg/mL, final concentration 10 ug/mL in 1X TBE).

4 Acrylamide-bisacrylamide solution, 19:1. Store at 4°C

5. Ammonium persulfate (10%). 1 g of ammonium persulfate is dissolved in 10 mL
of distilled water This should be made fresh each time or stored at —20°C

6. N,N,N'N' Tetramethylethylenediamine (TEMED).

2.4. Direct Generation of Clone-Specific Probes
from PCR Products

2.4.1. Elution of DNA from 8% PAGE Gels

Clean razor blade.

500-uL Eppendorf tube pierced at the bottom with an 18-gage needle
1 5-mL Eppendorf tube

TE pH 8.0: 10 mM Tris-HCl, 1 mM EDTA.

TEpH 76

7.5M ammonium sulfate.

Ethanol 100%; 70%.

2.4.2. Labeling (see Note 5)

25 ng approximately prepared from the 8% PAGE gel in 5 pL.

Distilled water.

Hexamer: 10 mM stock

Klenow (10 U)

Buffer/dNTP mix (Random Prime Labeling Kit, Amersham, Bucks, UK).
o32P dCTP (10 mCi)

2.4.3. Preparation of Digested IgH Probes (see Note 6)

1. 20 pL presentation PCR product without loading dye or 10 pL of eluted DNA
product.

10X Sau 96 1 buffer.

Sau 96 1 enzyme (20 U)

Distilled water.

Reagents for Sections 2.4.1. and 2.4.2.

2.5. Generation of Sequence-Specific Oligonucleotide Probes

2.5.1. Preparation of Templates from Monoclonal Rearrangements
1. Streptavidin M 280 Dynabeads
2. 2X binding and washing buffer (B&W): 2M NaCl, 10 mM Tris-HCl, pH 7 5,
1 mM EDTA.
3. Magnet.

2.5.2. Preparation from Multiple Rearrangements

TE pH 8 0.

Streptavidin coated Dynabeads.

2X B&W buffer (see Section 2 5 1.).
Dynabead eluate.

Magnet.

AL R W~ SR MK VST Ry
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PCR of Gene Rearrangements 7

2.5.3. Generation of Single-Stranded Template

1 0 1M NaOH (5M stock, freshly prepared).
2. 2X B&W buffer (see Section 2.5.1 )
3 1X PCR buffer (see Section 2.1.)

2.5.4. Cycle Sequencing
2.5 4.1, END LABELING OF SEQUENCING PRIMER

Primer: | mM stock.

10X T4 end labeling buffer (manufacturer’s specification)
T4 polynucleotide kinase (10 U/reaction)

¥33P dATP (10 mCi—1 pl/reaction).

5 Dastilled water.

S

2.5 4.2. PREPARATION OF SEQUENCING Butk Mix

10X Tagq polymerase buffer (PCR buffer).

25 mM dNTP mix,

Tag polymerase (0 5 U/uL).

Dastilled water.

20 pL from completed end labeling reaction (see Section 2.6., item 1),

Gos e

2.5.4.3. PREPARATION OF TERMINATION REACTIONS
500-uL Eppendorf tubes as follows:

1. Template DNA.

2. Sequencing bulk mix (see Section 2.6., item 2).

3. Dideoxy nucleotide triphosphate (ddNTP) stock solution: ddATP 1 mM, ddCTP
1 mM, ddGTP 500 pudM or ddTTP 2 mM.

4 Mineral oil.

5 Formamide loading dye: 90% formamide, 0 25% bromophenol blue, 0 25%
xylene cyanol, and | mM EDTA.

6 6% denaturing PAGE gel.

10% methanol/10% acetic acid mixture.

8. Hyperfilm B-max X-ray film (Amersham) RT.

=~

2.6. PCR for Detection of Residual Disease

“Outer primer” (see Table 1).

Bulk “master reaction mux” as in Section 2.2.1.

Normal control bone marrow (BM) mononuciear cell (MNC) DNA
8% PAGE gel.

E SR VS B N6 I

2.7. Detection of Low-Level Residual Disease
by Allele-Specific Hybridization

Two methods exist for this (see Note 7).
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2 7.1. Dot Blotting

PN G-

Dot blot manifold

Vacuum pump.

5 uL of PCR product diluted to 100 pL 1n 2X SSC (see Section 2 7 2, item 7)
Hybond N* nylon membrane (Amersham)

2X SSC 0.3M sodium chloride, 0 1M sodium citrate

Whatman 3M blotting paper.

0 4M NaOH.

Laboratory clear film

2.7.2. Electroblot Analysis

Rl N e Y I e

Electroblot apparatus (e g , Millipore electroblot apparatus)
1-mm thick 8% PAGE gel

1X TBE (see Section 2.3 )

Ethidium bromide (10 mg/mL)

Whatman 3M filter paper

Hybond N* nylon membrane (Amersham)

2X SSC: 0 3M sodwum chloride, 0 1M sodium citrate

0 4M NaOH

Laboratory clear film

2.7.3. Hybridization of Allele-Specific Probes
to Membranes

2.7.3.1. LABELING OF PROBES

DN

Oligonucleotide probes (1 mM conc.).

v32P dATP using the protocol described 1n Section 3 5.4.1. (see Note 16)
End-labeling solutions (see Section 2.5.4.1).

Patient Product Probes.

Hexamer labeling solutions (see Section 2.4.2.).

2.7.3.2. HYBRIDIZATION

1.

2

Hybridization buffer (e g , Rapid Hybnidization buffer, Amersham)
Labeled probe.

2.7.4. Washing

1

wnoh N

6X SSC (made from 20X stock consisting of 3M sodium chloride, 1M sodium
citrate).

2X SSC

0 1X SSC/1% SDS

Laboratory clear film

X-ray film (Hyperfilm MP, Amersham). Store at 4°C.
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3. Methods

The method we describe consists of four main steps.

1.

Presentation DNA 1s screened for a clonal rearrangement by PCR as described in
Section 3.1, 3.2., and 3.3. Using a combination of IgH, V52-D83 and VyI-II-Jy1/
2 PCR, we are able to amplify at least one rearrangement 1n 90% of B-lineage
ALL. A combination of V31-J81 and VyI/II-Jy1/2 PCR likewise amplifies at least
one rearrangement in 90% of T-ALL (Table 1).

A clone-specific probe 1s generated as described 1n Sections 3.4. and 3.5 A num-
ber of methods are described for the generation of clone-specific probes. In the
simplest, clonal PCR products are purified and directly radiolabeled for use as
probes (Sections 3.4.1. and 3.4.2.). However, the incluston of common primer
sequences can significantly compromise probe sensitivity. This can be overcome
in some cases by removal of the common primer sequence by restriction endonu-
clease digestion (Sectton 3.4.3.). The “gold standard” approach 1s the generation
of sequence-specific oligonucleotide probes (Section 3.5.). Although this is tech-
nically more complex, in our experience, this is the only method to provide con-
sistent detection of low-level residual disease in all patients.

Remission marrow DNA 1s PCR amplified and transferred to a nylon membrane
as described 1n Sections 3.6. and 3.7. Detection of low-level MRD 1s based on
Junction-specific hybridization of leukemic probes to PCR products from mar-
row taken at the time of apparent remission. Generally 1 pg of remission BM
MNC DNA, representing 150,000 cells, is amplified at the appropriate locus. All
products are then transferred to a nylon membrane prior to hybridization. Two
techniques can be used for transfer, we will discuss these in turn.

This membrane is probed with the patient-specific probe as described in Section
3.7. An example of a series of patient samples that have been probed is shown,
and guidelines for accurate interpretation of results are provided

3.1. Screening of Presentation DNA

A total of 0.1 to 1 pg of presentation MNC DNA should be screened by the
appropriate locus (see Note 2). Presentation DNA can also be obtained from
archival slides as described below in Section 3.1.1. (see Note 8).

3.1.1. Preparation of Slide DNA for PCR

1.

Al

Scrape off a small area (1 cm?) of slide under PBS using a glass Pasteur pipet and
transfer to an Eppendorf tube.

Spin at full speed in a microfuge for 1 min and discard supernatant.

Resuspend pellet in 20 plL 1X PCR buffer and overlay with mineral o1l.

Heat to 94°C for 10 min.

Spin full speed 1 min.

Use 2 . of the supernatant for each PCR taking care not to transfer any cellular material.
Prior to reuse, these samples should be heated to 94°C again.
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3.2, PCR Protocol

Pay strict attention to possible sources of contamination (see Note 9) and
keep all reagents on ice. As far as possible, minimize the length of time that
the polymerase 1s out of the freezer. Ensure that all the reagents and tem-
plate DNA are to hand before starting to set up the reaction. It is advisable to
keep primers in small aliquots (<50 mL) to minimze freeze-thawing, which
leads to degradation.

3.2.1. Preparation of 100 uL PCR Reactions

Take appropriate number of clearly marked 500-uL Eppendorf tubes.
Add 50 pL light mneral oil to each tube

Add 96 pL from the bulk “master mix” (Section 2.2 1) to each tube.
Add template DNA (4 pL).

Prepare at least one nontemplate DNA contamning control.

Flick tubes to mix, pulse spin, and transfer to PCR cycler.

3.2.2. PCR Cycler Parameters
All the described primer systems are optimized at the following conditions:

N bW N

1 Imtial denaturation 94°C for 3 min;
2. 35cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min; and
3. Final extenston step of 72°C for 5§ mun.

3.3. Analysis of PCR Products by 8% PAGE (see Note 4)

1. An 8% acrylamide is made. For 80 mL of gel solution, the following ingredients
are mixed: 56 mL water, 8 mL 10X TBE, and 16 mL 40% acrylamide stock. 40 uL of
TEMED and 300 pL of 10% ammonium persulfate 1s added immediately before
pouring the gel. Once it is fully polymerized, the gel 1s put at 4°C overnight, along
with the required amount of 1X TBE for the gel electrophoresis tank.

To each sample, add 1/5 vol of 6X loading buffer.

Load 3040 pL of sample onto the gel.

Resolve at 10 V/cm for 3 h at ambient temperature.

Stain with ethidium bromide for 5 min.

Rinse in 1X TBE prior to visualization on a UV hight box.

Photograph (A typical PAGE gel showing amplification products from patients with
clonal rearrangements and normal polyclonal BM MNC DNA is shown in Fig 1).

Nouswp

3.4. Direct Generation of Clone-Specific Probes
from PCR Products

3.4.1. Elution of DNA from 8% PAGE Gels

1. After ethidium bromide staining, carefully excise bands with a clean razor blade,
taking care not to transfer excess acrylamide.
2. Place gel slice 1n a 500-uL Eppendorf tube with a pierced bottom.
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V62-D53 IgH FR3 TCRy
12 3 4 5SM 67 8 9 10SM11 1213 14 155M

<140bp
<118bp
<100bp

<82bp

<G6bp

Fig. 1. PAGE analysis of multi-locus gene rearrangements PCR. SM size marker.
Hinfl digested X174 DNA is run as a molecular weight size marker. This is essential
in discriminating amplification products in the correct size range, allowing identifica-
tion of primer-dimer or higher molecular weight artifacts. Lanes 1-5, V82-Da3 PCR;
lane 1, product from | mg normal control DNA, which generates a faint polyclonal
smear; lanes 2-5, leukemic presentation DNA from four patients showing clear clonal
bands. In lane 4, multiple bands are seen reflecting heteroduplex formation as a conse-
quence of biallelic rearrangement. Lanes 610, [gH FR3-JPS PCR; lane 10, product
from 1 pg normal control DNA which generates a polyclonal 3-bp stepladder reflect-
ing normal in-frame rearrangments. Lanes 6-9, amplification of presentation DNAs.
Multiple bands may be seen as a consequence of biallelic and secondary gene rear-
rangement events (3). Lanes 11-15, TCRy PCR; lane 15, polyclonal smear from
product from 1 pg normal control DNA. Lanes 11-14, amplification of presentation
DNAs showing clonal bands.

3. Place this tube inside a 1.5-mL Eppendorf tube and spin at full speed in a
microfuge for 10 s to generate a finely crushed acrylamide slurry.

4, Suspend slurry in 200 pL of TE (pH 8.0) and incubate overnight at 37°C.

Spin at full speed for 5 min and transfer 100 pL of supernatant to a fresh tube,

taking care not to transfer particles of acrylamide.

Add 50 pL 7.5M ammonium sulfate, followed by 300 pL 100% ethanol.

Transfer to —70°C 1 h or —20°C overnight.

Spin at full speed for 5 min, and discard the supernatant.

Wash pellet of DNA and salt in 100 pL of 70% ethanol.

Spin at full speed for 10 s and discard supernatant, to leave the DNA pellet.

. Dry the pellet (air drying is usually adequate) and then resuspend 20 pl. TE (pH 7.6).

th

— 20w

1
1

3.4.2. Labeling (see Note 5)

1. Each labeling reaction should be prepared by mixing the following: 5 pL DNA
(approx 25 ng) prepared in Section 3.4.1. and 9 pL distilled water.
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Boil for 3 min, incubate 2 min on 1ce and then pulse spin in a microfuge

Add the following, on ice 2 pl hexamer, 1 uL Klenow, 2 uL buffer/dNTP mix
(Random Prime Labeling Kit, Amersham), and 1 plL o3?P dCTP.

Mix and incubate at 37°C for 30 min.

Unincorporated nucleotides are not removed.

Denature probes by boiling and keep on ice prior to hybridization,

3.4.3. Preparation of Digested IgH Probes (see Note 6)

1

2

3

4.

5.

Take 20 pL presentation PCR product without loading dye (or 10 pL of eluted
product DNA, see Section 3 4 1.).

Mix with the following: 4 pL 10X Sau 96 I buffer, 2 pL Sau 96 1 enzyme, and
distilled water to a total volume of 40 pL

Incubate 37°C for 60 min

Resolve both cut and uncut bands by 8% PAGE The digested probe will be
approx 20 bp shorter than the uncut version.

Excise, precipitate, and label the cut band as in Sections 3.4.1. and 3.4 2

3.5. Generation of Sequence-Specific Oligonucleotide Probes

This requires template preparation for solid-phase sequencing of presenta-
tion rearrangements (see Note 10). Presentation products generated with a
biotinylated primer are required (see Note 11). Phases are separated by a Dynal
magnetic particle separator (MPS-E) at each stage.

3.5 1. Preparation of Templates
from Monoclonal Rearrangements

R

Wash 20 pL streptavidin M 280 Dynabeads once 1n 2X B&W buffer
Resuspend in 40 pl. B&W buffer.

Mx with 40 uL. PCR amplification product. This ensures a Na* concentration of 1M,
Incubate at room temperature (RT) for 15 min with occasional mixing,

Remove supernatant using the magnet.

Wash beads once 1n 40 pL. 2X B&W.

Remove supernatant using the magnet

Proceed as described under generation of single stranded template (see Section 3.5.3.).

3.5.2. Preparation from Multiple Rearrangements

1

Elute individual bands from acrylamide gels into 200 uL. TE (pH 8.0) as described
(see Section3 4 1)

Wash 20 pL streptavidin coated Dynabeads once in 2X B&W buffer
Resuspend beads 1n 100 pL of 2X B&W buffer and mix with an equal volume
of eluate.

Incubate RT for 15 min

Remove supernatant using the magnet.
Wash beads once 1n 40 uL of 2X B&W
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7. Remove supernatant using the magnet,
8 Proceed as described under generation of single stranded template (see Section 3 5.3.).

3.5.3. Generation of Single-Stranded Template

Add 8 pL 0.1M NaOH.

Incubate at room temperature for 10 min

Remove the supernatant (keeping it as this contains the complementary strand).
Wash the beads in 40 pl. of 0 1M NaOH, followed by 40 uL of 2X B&W buffer
Resuspend in 45 pl of 1X PCR buffer.

3.5.4. Cycle Sequencing
This protocol was modified from Murray, 1989 (7).

3.5.4.1 END LABELING OF SEQUENCING PRIMER (see NoTE 11)

1. Mix the following: 2 pl primer, 2 pl. 10X end-labeling buffer, 1 uL T4 poly-
nucleotide kinase, 1 uL y33P dATP, and 14 pL distilled water.
2 Incubate at 37°C for 30 min.

3.5.4.2. PREPARATION OF SEQUENCING BuLk Mix

Mix: 20 pLL end-labeling reaction, 56 pl. 10X Taq polymerase buffer, 56 puL
dNTP mix, 14 pl. Taq polymerase, and 24 ul distilled water. This provides
sufficient mix to sequence seven different bands.

I R S

3.5 4.3. PREPARATION OF TERMINATION REACTIONS

1 Four termnation reactions (A, C, G, or T) are prepared for each band being
sequenced. These are prepared in 500-pL Eppendorf tubes as follows, 10 uL tem-
plate DNA, 6 pL sequencing bulk mix, and 4 pL of the appropriate dideoxy nucle-
otide triphosphate (ddNTP) stock solution

2. Overlay each reaction with mineral oil and perform 15 PCR cycles of 94°C, 55°C,

72°C for 1 min each.

Add 6 pL formamide loading dye.

Denature at 80°C for 3 min, then snap-cool on ice.

Resolve 5-pL aliquots on 6% denaturing PAGE gels run at approx 55°C

Fix for a minimum of 10 min in 10% methanol/10% acetic acid.

After drying, autoradiography 1s performed for 1-3 d with Hyperfilm B-max film

(Amersham) at RT without intensification (see Note 12)

3.5.5. Probe Design

The specificity of each rearrangement for the detection of leukemia 1s con-
ferred by junctional sequence. Oligonucleotide probes should therefore span
this junctional area. To ensure against nonspecific genomic hybridization-
oligoprobes should be at least 17 bases 1n length. At loci with a single junc-
tional region, TCR V82-D383 and TCRy, design of oligonucleotide probes
spanning this junction is straightforward. TCR V81-J381 rearrangements pos-
sess multiple N regions and a choice of the best probe can be made by avoiding

Nowyhkw
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long runs of G or C nucleotides and a low melting temperature (resulting from
a GC content of less than 40%).

At the IgH locus, there are two junctional regions, but additional consider-
ations influence optimal probe selection. Although multiple bands can be seen
at presentation, these arise most often as a consequence of secondary gene
rearrangement and share the same DNJ sequence. True oligoclonality that is
the presence of more than two unique DNJ segments is rare 1n our experience.
We therefore design probes to each unique DNJ sequence observed at presen-
tation rather than each band. The possibility of false negative disease assess-
ment owing to instability of the IgH locus during the course of disease can also
be obviated by this approach in all but 10% of cases (2).

3.6. PCR for the Detection
of Residual Disease in Remission Samples

One microgram of DNA (representing 150,000 cells) prepared from BM
MNC collected at presentation and subsequent time points throughout the
course of disease are amplified. One microgram of normal BM MNC DNA, a
reaction containing no template DNA, and logarithmic dilutions of leukemic
DNA in normal DNA are coamplified in order to monitor background, assess
contamination, and to provide semiquantitation, respectively (see Note 13).

3.6.1. Preparation of Logarithmic Dilutions

1 Concentration of presentation leukemic DNA 1s assessed by optical density (OD)
at 260 nm.

2 DNA 1s diluted to 0.005 mg/mL. 2 uL of this mix provides the 1072 dilution point
(approx 1500 genomes)

3 Senal tenfold ditutions 1n distilled water are prepared. Mixing 1s promoted by
incubating DNA solutions at 37°C for 30 min between admixes.

4 Dilutions continue until the 10~ (1 copy) or 1076 (0 1 copies) point 1s reached

3.6.2. PCR of Remission Samples and Dilutions

1 This should be performed using “outer” primer systems at the appropriate locus
if possible (see Note 14).

2. Set up the bulk reaction mix as in Section 2.1.1.

PCR 1 pg of each remission sample and the two normal controls

4, For the dilutions, combine 1 ug of normal control BM MNC DNA with 2 uL. of

each of the logarithmic dilution ponts.

PCR 2 pL of neat (i e., noncompeted )10~ and 10-3 dilutions to check copy number.

6. Important: Aim to set up all these reactions at the same sitting to maximize
uniformity and minimize contamination.

7. Resolve a 30-uL aliquot of the products on 8% PAGE to check that the reactions
have worked. This will also provide a gross assessment of disease load.

W

o
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3.7. Detection of Low-Level Residual Disease
by Allele-Specific Hybridization

Prior to hybridization against leukemia-specific probes, products must be

transferred to nylon membrane and denatured. Two methods exist for this and
are discussed in Note 7.

3.7.1. Dot Blotting

This 1s the simplest method, providing rapid screening. It 1s a useful first

line assay. We use a dot blot manifold.

L.

2

3.

Dilute 5 pL PCR product to 100 puL in 2X SSC It is not necessary to remove the
oil from PCR reactions.

Presoak an appropriately sized nylon membrane (Hybond N+, Amersham) 5 min
2X SSC (see Note 15)

Assemble dot blot manifold in the following order:

a. Base: Whatman 3M blotting paper pad cut to size of membrane and presoaked
immediately prior to application. Nylon membrane: top.

Tighten bolts carefully. hand tight only.

Dot samples and apply vacuum until wells drained

Disassemble blotter before removing vacuum

Fix and denature DNA by soaking in 0.4M NaOH for 1 min.

Neutralize in 2X SSC for 15 s.

Ai1r dry membrane.

Store wrapped 1in laboratory film at 4°C prior to hybridization,

5 o0 00 o

3.7.2. Electroblot Analysis (see Note 15)

N

11

12.

13.
14.

S 0™

Resolve products on 1 mm thick 8% PAGE gels run at 10 V/cm for 3 h in 1X TBE.
Stain in ethidium bromide and view under UV,

Rinse gel in 1X TBE.

Trim gels to 14 x 8 cm and leave to soak in 1X TBE.

DNA is now electrophoretically transferred to Hybond-N+ membranes with a
semidry Millipore electroblot apparatus. Pads are prepared from Whatman 3M
filter paper and presoaked in 1X TBE immediately prior to use.

Trim membrane to 12 x 7 cm. Presoak in 1X TBE for § min.

Overlay bottom (positive) electrode with two Whatman pads, cutto 16 x 10 cm.
Overlay pads with nylon membrane.

Place gel on top of membrane.

Repeated repositioning of the gel should be avoided in order to mimmize capil-
lary transfer.

Overlay the gel with two additional Whatman pads cut to 12 x 7 em. This “pyra-
mid” assembly promotes consistent transfer.

Assemble blotter and apply a constant current of 4 mA cm-2 (approx 350 mA)
for 30 mun.

Fix, neutralize, and dry membranes as for dot blotting (see Section 3.7.1.).
Restain gels with ethidium bromide to check transfer (see Note 16).
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3.7.3. Hybridization of Allele-Specific Probes to Membranes

37 3.1 LABELING OF PROBES

1 Oligonucleotide probes: End label 2 uL of a 1 uM oligonucleotide solutton with
v*2P dATP using the protocol described in Section 3 5 4.1 (see Note 17)
2 Patient Product Probes: Label as described in Section 3.4.2.

3.7.3.2. HyBRIDIZATION

1 Prehybridize membranes for 60 min in 5 mL hybridization buffer (e g, Rapid
Hybridization buffer, Amersham) at the calculated hybridization temperature (see
Note 18)

2 Add probe (>10® dpm/puL prehybridization solution) and incubate for an addi-
tional hour 1n the same solution at the same temperature

3.7.4. Washing

1. Discard probe and rinse membranes 1 6X SSC Probe can be retained for further
use at this point

2 Agitate at room temperature 1n fresh 6X SSC, two times for 10 min. This usually
provides sufficient washing for oligoprobes, and membranes can be sealed 1n
laboratory film ready for autoradiography

3 If subsequent washes are required (e g., if probing dot blots) If product probes
are used or if high backgrounds are obtained, a further 20 min wash in 2X SSC at
the hybridization temperature can be performed.

4. Stringency can be increased to 0.1X SSC/1% SDS at the hybridization tempera-
ture and membranes washed until background signals minimized (see Note 19).

5. Autoradiography 1s performed at —70°C with intensification for 4 to 16 h against
X-ray film.

6. If necessary, further washes can be performed after autoradiography to improve
spectficity. It 1s imperative that membranes are kept moist, 1f further washes are
to be performed.

3.8. Reprobing Membranes

If membranes are to be reprobed, €.g., with an ohgonucleotide derived from a
second allele, then old probes can be removed by plunging the membrane into
0.5% SDS at 100°C. Allow the solution to cool and remove the membrane after
20 min. Again, it is imperative that membranes are not allowed to desiccate. Nylon
membranes can be reprobed several times without diminution of sensitivity.

3.9. Interpretation of Autoradiographs

MRD is detected at low level by sequence-specific hybridization, At maxi-
mal sensitivity, clone-specific probes can discriminate the presence of leuke-
mic junctional sequence in a background of other nonleukemic sequences
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at a level equivalent to the presence of one leukemic cell in 100,000
normals. The specificity of probe binding is influenced by the hybridiza-
tion temperature, salt concentration 1n the buffer, probe length, and probe
constitution. Of particular concern in the detection of MRD by gene rear-
rangement PCR, is the presence of shared sequence between the leukemia-
specific probe and normal rearrangements. As a result of the above factors,
short oligonucleotide probes designed to hybridize to the leukemia-specific
junctional region and lacking common primer sequence are optimal. A
single base mismatch with this kind of probe results in a drop in melting
temperature by 5°C (11]).

However, as DNA will always bind nonspectfically to other DNA species,
and some common sequence is shared between normal background poly-
clonal rearrangements and any probe, some degree of nonspecific hybridiza-
tion to normals always occurs. Interpretation of autoradiographs therefore is
dependent on discrimination between the degree of hybridization of the spe-
cific probe to remission DNA compared to that seen 1n the normal controls
In addition, semiquantitative assessment of both the level of probe sensitiv-
1ty and any residual disease detected can be obtained by examining the dilu-
tions. At low levels of disease, particularly 1if insensitive probes are used,
discrimination by eye alone may be difficult. The use of densitometry could
theoretically be employed. Thuis is an equally subjective method. We do not
use this technique.

We have illustrated the method and potential pitfalls of interpreting autora-
diographs in Fig. 2. This shows a dot blot (A) and an electroblot (B) generated
from a series of IgH amplification products. These are derived from BM MNC
DNA obtained at various times of remission from a patient suffering from
B-lineage ALL.

Figure 2B shows a dot blot of products hybridized with a y>?P end-labeled
DNIJ region oligonucleotide probe. The normal controls N1-N3 are found on
the bottom row of the dot blot. By comparing the relative strength of hybrid-
1zation of the probe between the normals and other specimens the following
can be seen. There is copy in both the neat 10 and 1075 dilutions and the
probe is sensitive to 107 in normal; no hybridization is seen in the non-DNA
lane (C). MRD at the 10~* level or greater is seen 1n samples 1,7, and 8. There
15 as suggestion of MRD in samples 2, 3, and possibly 4.

Duplicate samples electroblotted then probed with the DNJ probe as above are
shown in Fig. 2A. If we consider the dilutions first, we can see that the addi-
tional size discrimination provided by electrophoresis prior to probing allows
more confident detection of low-level disease. This approach reveals the probe
to be sensitive at the 107 level. In the patient samples, MRD 1s seen in sample
1, 3,4, 7, and 8, and also at low level 1n sample 2.
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B
4 5 N1 N2 N3 4 5 C
neat
C neat
1 2 3 4 E & 7 8 4 5§ N1 NZN3 4 5 C
B -

Fig. 2. Comparison of dot and electroblot analysis. (A) 8% nondenaturing PAGE
gel showing amplified BM DNA samples collected at presentation; d 28, BM harvest
(BMH), and at 3, 6, 12, and 18 mo post-BMT. Logarithmic dilutions of tumor DNA in
normal BM DNA (10-2to 1073), normal BM DNA (N), and a no template DNA control
(C) are included. (B) Dot blot analysis of duplicate products hybridized with o*’P
labeled 20-base oligonucleotide DNIJ region probe. (C) Electroblot analysis. Products
were resolved by 8% nondenaturing PAGE and electrophoretically transferred to ny-
lon membranes. The second band observed in the dilution lanes is artifactual and does
not compromise residual disease assessment.

Dot blots provide a useful first screening method but do not give confident de-
tection of low-level MRD. At times of polyclonal lymphocytosis seen in remission
samples after the end of treatment or BMT, nonspecific hybridization of the probe
to the products generated by this expanded normal population can lead to false
positive MRD detection (10). Therefore, we routinely use the electroblot approach.



PCR of Gene Rearrangements

19

Table 2
Troubleshooting
Problem Probable cause Solution
Poor probe Old isotope Use fresh isotope (<2 wk old)
incorporation Degraded oligo Use fresh aliquot of oligo
Blank or faint Poor probe incorporation see above
autoradiographs Poor transfer (if electroblot)  Check blotter setup
Hybridization temperature Check melting temperature
too high
Incorrect probe sequence Check sequence
High background Hybridization temperature Check melting temperature

Low sensitivity

too low
Insufficient washing
Little probe diversity

Poor dilutions
see Blank or faint

Increase stringency
Accept reduced sensitivity
Use alternative locus
Check copy number

autoradiographs
High backgrounds see above
Bands 1n all lanes Leakage Space samples
(electroblot) Do not load high level disease
Load with fresh tips
Load under buffer
Bands 1n no Contamination see Note 9
DNA control
Bands 1n Contamination see Note 9
normal DNA Nonspecific hybridization Increase hybridization temp.

Increase washing stringency

4. Notes (For General Troubleshooting Notes, see Table 2)
1. This provides a standard 1.5-pM magnesium buffer sufficient for 10 100-pL reac-

tions. This 1s suitable for all the primer systems except TCRy. With this system, an
addittonal 60 pL of 25 mM MgCl, is substituted for the equivalent volume of water
in each master mix. This gives a final working magnesium concentration of 3 mAf
. From Table 1, it can be seen that a combination of IgH, V82-D&3, and VyI-II and
Jy1/2 are most appropriate for the analysis of B-lineage ALL. V581-J31 and VyI-II
and Jy1/2 are most useful in T-ALL. When ordering oligos, simple desalting 1s
adequate for all PCR, sequencing, and probing applications. We aim to use 1 pg
of BM MNC DNA obtained after Ficoll purification and phenol chloroform
extraction. More recently a variety of affinity-capture methods have been devel-
oped and several provide acceptable alternative methods of DNA extraction. All
DNA 15 screened with an internal V32 control primer pair, which generates a



20

Goulden et al.

product of 220 bp (Table 1) to monitor DNA integrity. Peripheral blood is an
inferior source of leukemic cells other than at presentation mn patients with more
than 15 x 10? blasts/L

The method we describe assumes that the required amount of template DNA 1s
suspended in no more than 4 pL of buffer, The use of larger volumes will alter the
concentration of the reagents in the reaction adversely. The volume of DNA solu-
tion required can be reduced by lyophilizing the sample if necessary. Preparation
of reactions on 1ce ensures consistency

PCR products are resolved by gel electrophoresis Agarose does not provide
adequate resolution of closely spaced, short products. Indeed, using the described
primer systems, PCR of polyclonal DNA may show discrete bands following
resolution on agarose gels

Probes are extended from a specific hexamer located at the 3' terminus of the
sense or antisense primer, by the Klenow fragment of DNA polymerase 1. The
hexamers used are shown below

Primer system Location Sequence

IgH FR3A 5'-TACTGT-3'
V62-Dd3 D&3 5-CGTATC-3'
VyI-I1-Jy1/2 y1/2 5'-GACAAC-3'
V61-J81 Vb1l 5'-AGATTC-3'

The potential crosshybridization with common JH pnimer can be obviated by
removal of the primer region by digestion with Sau 96 I restriction enzyme prior
to labeling (9) This can be performed either directly on whole PCR products or
on products previously eluted from gel slices
Although more complex and time consuming, electroblotting 1s more sensitive and
reliable than dot blotting At times of relative hypo- or hypercellularity, dot blotting
can indicate false negative and positive disease, respectively A fuller discussion
of this contrast appears 1n the legend of Fig 2 and in Langlands et al , 1994 (70)
The optimal slides for this method should be cellular, air dried, and not
coverslipped. The presence of stain of any kind does not appear to inhibit ampli-
fication. Coverslipped slides can be used if glue can be cleanly removed or dis-
solved with Histoclear.
Prior to gene rearrangement PCR, all DNA should be subjected to a control
PCR to check for the presence of inhibitors
The spillage of tiny volumes of a PCR reaction (<0.1 yL) can release millions of
copies of a PCR product mnto the laboratory environment (8). This can lead to
carry-over of products to subsequent reactions and cause false positive results
The effective prevention of contamination and constant vigilance are the corner-
stones of a successful PCR strategy The following simple precautions are nor-
mally all that 1s required:
a. DNA extraction and PCR should be performed in an area entirely separate to
that used to process PCR products.
b. Separate laboratory coats, gloves, chemicals, glassware, and pipets should
be used
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10.

11

12.

13.

14.

15.

¢ PCR reactions should be set up 1n a lammar air-flow hood or on dedicated
bench space Aerosol resistant tips should be used.
d Negative controls without template DNA should always be run.
To be successful, strategies employing oligonucleotide probes must be based on
unequivocal sequence information. We prefer to use solid-phase cycle sequenc-
ing with a y3*P-labeled primer This can be performed directly on the whole PCR
reaction if a single clonal product 1s generated. If multiple products are present,
then bands must be excised from PAGE gels prior to sequencing. We find that
this method is adequate for more than 90% of clonal products and obviates bidi-
rectional sequencing, Rarely, it 1s necessary to resort to cloning In a proportion
of patients, direct sequencing cannot be performed owing to close spacing of
bands or high polyclonal backgrounds. In such circumstances, clonming 15 neces-
sary. Various manufacturers produce simple kits facilitating cloning of PCR prod-
ucts These exploit the 5' adenine overhangs generated by Tag polymerase
Efficient ligation of insert 1s provided by cloning bands eluted from acrylamide
and precipitated as above, which removes primer artifacts that readily ligate A
number of recombinant colonies should be screened; 1f the same sequence occurs
twice, this 1s indicative of a clonal population. Double-stranded recombinant vec-
tor can be sequenced according to the linear sequencing protocol described here,
although the amount of template can be reduced.
The direct sequencing protocol requires PCR products generated with one 5'-bio-
tinylated primer and one nonbiotinylated primer. For optimal results an internal
sequencing primer should be used (Table 1) If the sense primer 1s biotinylated,
an antisense sequencing primer should be employed and vice versa In the absence
of biotinylated PCR products, the cycle sequencing protocol ts undertaken on
DNA eluted from PAGE gels and precipitated as in Section 3.4 1 Proceed
directly to the cycle sequencing step (Section 3.5.4)
¥33P dATP can be handled on the bench without perspex screens Alternatively,
¥32P dATP can be substituted for y*P dATP and regular film (e.g , Hyperfilm
MP) used. Extra care and screening precautions must be taken
Analysis of logarithmic dilutions provides semiquantitation accurate to within
one log. Limiting dilution analysis can provide accurate quantitation but assumes
very good quality template DNA and requires exhaustive preparation. Multiple
replicate dilutions are required for each time point if this analysis is to be meaningful
The true clinical impact of such an exhaustive approach remains to be seen
It is good practice to perform initial screening and sequence analysis with an
inner primer pair. Subsequent residual disease analysis is then performed with an
external primer set (see Table 1). This reduces the possibility of contamination of
remission samples with amplification products from previous reactions Sequenc-
ing also requires an internal primer. This can be achieved by designing a sequencing
primer 1dentical to the nonbiotinylated mner primer, but with the two most 5'
nucleotides removed (Table 1).
It 1s advisable not to load large amounts of presentation amplification products
onto these gels, as the signal generated can obscure the resultant autoradiograph
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It 1s also imperative to space samples (Figure 2A ). Visualization time of bands
under UV should be minimized as UV damages DNA

After successful electroblotting, no residual DNA should be detected after stain-
ing. Better assessment of transfer 1s obtained after probing. At this time, we accept
transfer of the competed lowest dilution as evidence of low level transfer.
Incorporation 1s assessed by precipitation onto DE-81 paper (/1) and should be
1 the region 0f 30-50% The use of 10 pL of an end-labeling reaction will provide
1 excess of the 10° dpm/mL prehybridization fluid required. The remainder can be
stored for up to 2 wk at—20°C. Unincorporated nucleottdes are not removed prior to
use

Hybridization 1s optimally performed in a rotating hybridization oven in glass
vessels. It is important to hybnidize under stringent conditions. Optimal hybridiza-
tion temperature i1s 510 degrees below the calculated melting temperature (7,,)
of the probe/target duplex. This 1s calculated according to the following formula-

T, =815 + 16 6(log10[Na*]) + 0.41(%G + C) — 600/L

where [Na'] is the molarity of sodium ions 1n the buffer (generally 0 5M), (%G +
C) 15 the percentage G and C content and L the length of the oligonucleotide (20
bases). If patient product probes are used, empirical determination of hybridiza-
tion temperature is required, but this is usually greater than 65°C

Stringency of washing depends on sodium concentration 1n the buffer and tem-
perature (11)
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Detection of BCR-ABL
in Hematological Malignancies by RT-PCR

Nicholas C. P. Cross

1. Introduction

The presence of a novel, minute chromosome 1n the cells of patients with
chronic myeloid leukemia (CML) was first described in 1960 by Nowell and
Hungerford (/). The Philadelphia (Ph) chromosome, as 1t became known, was
shown subsequently by banding techniques to result from a reciprocal translo-
cation between the long arms of chromosomes 9 and 22 t(9;22) (q34;q11) (2).
Molecular studies demonstrated that the translocation disrupted the normal
ABL and BCR genes on chromosomes 9 and 22, respectively, giving rise to a
chimeric BCR-ABL gene encoding a fusion protein with transforming ability
(3). The reciprocal ABL-BCR product is also transcriptionally active in the
majority of cases (4,5).

The standard Ph chromosome is found in ~90% of cases of CML and cyto-
genetic variants account for a further 5%. Of the remaining 5%, roughly half
show a BCR-ABL fusion mRNA by PCR, whereas the rest are considered to
be Ph-negative, BCR-ABL-negative CML (6). Occasional patients initially
diagnosed as having essential thrombocythemia (ET) or agnogenic myeloid
metaplasia (AMM) are also Ph-positive. The Ph chromosome is also the single
most common chromosomal abnormality in acute lymphoblastic leukemia
(ALL) in which roughly 5% of children and 20% or more of adults are positive.
Furthermore, about 1% of acute myeloid leukemias (AML) are Ph-positive (6).
Although the translocation breakpoints are widely dispersed, especially within
the very large ABL first intron (7), after splicing of the primary transcript the
vast majority of CML patients have breakpoints that result in a fusion mRNA
in which either BCR exon b2 or b3 is fused to ABL exon a2 (b2a2 or b3a2
transcripts). Both transcripts give nise to a 210-kDa BCR-ABL protemn (3).
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Approximately 70% of Ph-positive ALL cases have breakpoints that result in
the fusion of BCR exon el to ABL exon a2 (ela2 transcript), which is trans-
lated into the smaller 190-kDa BCR-ABL protein; the remaining 30% have a
210-kDa BCR-ABL product indistinguishable from that found in CML (8).

The polymerase chain reaction (PCR) is a rapid and powerful method for
detection of specific sequences and has been used to amplify to BCR-ABL
cDNA after reverse transcription of the mRNA. PCR efficiently detects BCR-
ABL 1n BCR-rearranged, Ph negative patients and may also be used to detect
minimal residual disease up to a sensitivity of a single leukemia cell in a back-
ground of 10°—10° normal cells (9—12). The techniques thus are of use diagnos-
tically and for monitoring response to therapy.

Conditions are presented here for the unambiguous and rapid determina-
tion of the presence or absence of BCR-ABL transcripts in patient samples.
For diagnostic samples, randomly primed cDNA 1s synthesized from leuko-
cyte RNA and amplified 1n a single reaction containing four oligonucleotide
primers (13). Dafferent size products are generated from the various BCR-
ABL transcripts that are readily and unambiguously distinguishable after
agarose gel electrophoresis without the need for either nested PCR or hybrid-
1zation. BCR-ABL negative samples generate a specific BCR amplification
product that serves as a control for satisfactory cDNA. For remission samples
a two-step, nested, PCR for either p210 or p190 BCR-ABL transcripts 1s
described (11) and also a competitive PCR assay for quantification of residual
disease (14).

2. Materials

2.1. RT-PCR

1. Red cell lysis buffer (RCLB): 0 155M NH,Ci, 10 mM KHCO;, 0.1 mM EDTA
made to pH 7.4 at 0°C with 2 HCL (do not autoclave).

2 Phosphate-buffered saline (PBS): Made up from stock tablets (Oxoid, Basingstoke,
UK) and autoclaved.

3. 1M citrate pH 7.0: Neutralize 1M trisodium citrate with LM citric acid.

4 GTC: 4M Guanidinium thiocyanate (Fluka, Buchs, Switzerland), S mM EDTA,
25 mM citrate, pH 7 0, 0 5% sarcosyl (BDH, Poole, UK). Do not autoclave but
make up using DEPC-treated 1M citrate, pH 7 0, 0.5M EDTA, pH 8 0 and H,0
Add 7.1 pyL B-mercaptoethanol/mL of GTC immediately before use.

5. CsClcushion: S 7TM CsCl, 1 mM EDTA, 25 mM citrate, pH 7.0. Treat with DEPC
(see Note 1).

6. TES 10 mM Tns-HCI, pH 7.5, 10 mM EDTA, 0 1% SDS made up with DEPC-
treated water and 0.5M EDTA, pH 8.0.

7. Sodium acetate (NaOAc): 3M brought to pH 5.2, or 2M brought to pH 4.0, with
glacial acetic acid and treated with DEPC
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12.
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14.
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16.

17.

18.

19.

20.

21.

70% ethanol made up with DEPC-treated water.

Carrier RNA: E coli tRNA (Sigma, St. Louis, MO) or E. coli rRNA (Boehringer
Mannheim, Mannheim, Germany) made up to 1 mg/mL with DEPC-treated water
Random hexamer primers' 50 U pdN, (Pharmacia, Uppsala, Sweden) dis-
solved in 539 ul. DEPC-treated water plus 21 pL 0.5M KCI. Final concentra-
tion = 5 mg/mL.

5X RT buffer: 0.25M Tris-HCI, pH 8.3, 0.375 mM KCl, 15 mM MgCl, Supplied
with M-MLYV reverse transcriptase (Gibco-BRL, Gaithersburg, MD) along with
0.1M dithiothreitol (DTT).

25 mM dNTP stock. Mix an equal volume of ultrapure 100 mdM dATP, dCTP,
dGTP, and dTTP (Pharmacia) Store at—70°C

c¢DNA mix (per mL) Mix 428 pL. of 5X RT buffer, 21.5 uL of 0.1M DTT, 85.5
uL of 25 mM dNTPs, 45 L of 5 mg/mL random hexamers and 420 uL. of DEPC-
treated water.

10X Tag Pol buffer: 100 mM Tris-HCI, pH 8 3, 500 mM KCI (usually supplied
with the enzyme along with 50 mM MgCl,)

Ohigonucleotide primers: All primers were diluted to 1 mg/mL before making up
the mixes that follow

Multiplex PCR mix (per mL): Mix 120 pL of 10X Tag Pol buffer, 9 6 pL of 25
mM dNTPs, 45 pL of 50 mM MgCl,, 5.6 pL of primer CA3-, 5.3 pL of primer
CSe-, 5 pL of primer B2B, 4.4 pL of primer BCR-C, and 805 pL of water

p210 first step mix (per mL): Mix 125 uL of 10X 7agq Pol buffer, 10 uL of 25 mM
dNTPs, 62.5 uL of 50 mM MgCl,, 5.2 uL of primer NB1+, 5.4 uL of primer
ABL3-, and 792 uL of water

p210 second step mux (per mL): Mix 100 pL of 10X Tagq Pol buffer, 8 pL of 25
mM dNTPs, 35 uL of 50 mM MgCl,, 4 6 L of primer CA3-, 3.6 uL of primer
B2A, and 849 pL of water

p190 first step mix (per mL): Mix 125 pL of 10X Tagq Pol buffer, 10 uL of 25 mM
dNTPs, 45 pL of 50 mM MgCl,, 4.5 pL of primer BCR-B, 54 uL of primer
ABL3-, and 810 pL of water.

p190 second step mix (per mL): Mix 125 pL of 10X Tagq Pol buffer, 10 pL of 25
mM dNTPs, 43 pL of 50 mM MgCl,, 4 6 pL of primer CA3-, 3.6 uL of primer
BCRI1+, and 813 pL of water.

Competitor constructs: We have used plasmids pBKAS5 and p190-C5 (14,18) to
quantify p210 and p190 BCR-ABL transcripts, respectively. For use, the plas-
mids are linearized with either BamHI (p210) or EcoRI (p190) and then diluted
in 1 mM Tris-HCI, pH 8.0, 0.1 mM EDTA, 50 ug/mL E coli tRNA. Dilutions are
made 1n the range from 107—10 mol/2.5 pL with steps at every half order of mag-
nitude on a logarithmic scale, 1.e., 107, 3.2 x 105, 105, and so on

The cDNA mix and all of the PCR mixes should be divided into small, single

use aliquots and kept at —70°C. Specific manufacturers have been indicated for
some products that we have found to work well, however, products from other
sources may, of course, be substituted.



28 Cross

2.2. Oligonucleotide Primers

BCRI+ 5 GAACTCGCAACAGTCCTTCGAC 3'
BCR-B 5 CCCCCGGAGTTTTGAGGATTGC 3'

BCR-C  5'ACCGCATGTTCCGGGACAAAAG 3'

B2B 5' ACAGaATTCCGCTGACCATCAATAAG 3'
C5Se- 5' ataggaTCCTTTGCAACCGGGTCTGAA 3'
NBI+ 5' GAGCGTGCAGAGTGGAGGGAGAACA 3'
ABL3- 5 GGTACCAGGAGTGTTTCTCCAGACTG 3'
B2A 5' TTCAGAAGCTTCTCCCTGACAT 3'

CA3- 5' TGTTGACTGGCGTGATGTAGTTGCTTGG 3'

Lower case letters denote bases that were changed from the natural sequence
in order to introduce restriction enzyme sites. These sites are not relevant to the
applications described here Positions of the primers are shown on Fig. 1.

3. Methods
3.1. Sample Preparation (see Note 1)

1. Spin blood or marrow sample at 1500 rpm for 10 min (see Notes 2—5)

2 Working from the top, carefully remove 80% of the plasma and discard. Take the

rest of the plasma (buffy coat) down to approx 1/2 cm 1nto the red cells into a

50-mL tube.

Fill tube with ice-cold RCLB Leave on ice for 10 min with intermittent shaking

Spin down leukocytes 10 min, 1500 rpm. If pellet is very red, repeat RCLB lysis

Wash pellet once with 20 mL PBS and spin down again

For RNA extraction method A, add 2 5 mL GTC containing 0 37 g/mL CsCl

(freshly added) to the cell pellet (maximum 2 x 10% cells). Using a syringe, rap-

1dly homogenize and shear the DNA by passing several times through a needle. If

<107 cells, add 50 pg £ coli rRNA.

7. For RNA extraction method B, resuspend cells and transfer a maximum of 2 x 107
into a microfuge tube. After pelleting the cells, remove PBS, dislodge the pellet
by vortexing briefly, add 500 uL. GTC (without CsCl) and vortex for 10s If<10°
cells, add 5 ug £ coli tRNA

8 Store GTC lysates at 4°C for up to 1 wk, or long-term at —20°C.

3.2. RNA Extraction (see Note 6)
3.2.1. Method A (Modified from ref. 15)

1. Put 1 mL CsCl cushion into a Beckman (Fullerton, CA) conical uitracentrifuge
tube and layer the GTC lysate carefully on top. Always include at least one blank
(see Note 7) at this stage (50 g E. coli tRNA m GTC)

2 Spin 40,000g for 16 h 1 an SW535, or other swingout rotor at 20°C

3 Remove approx 3 mL of the liquid carefully from the top using a disposable
sterile plastic pipet (see Note 8).

4 Pour off the remaining liquid and invert the tube to drain for 5 min.

S Dry sides of tube with a sterile tissue

N n bW
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Fig. 1. Schematic representation of the normal BCR gene, the normal ABL gene

and the three BCR-ABL derivatives (not to scale). The approximate positions of the
oligonucleotide primers are indicated.

Add 250 uL TES to (invisible) pellet. Mix up and down with a pipet, leave for 10
min, mix up and down again, and transfer to a microfuge tube.

Add 25 plL 3M NaOAc pH 5.2 and 750 pL absolute ethanol and leave at —20°C
for at least 2 h.

Spin 10 min at top speed. Take off all liquid and wash pellet with 1 mL 80%
ethanol.

Take off all liquid and let pellet air dry for 10 min.

Dissolve the RNA in DEPC-treated water (e.g., 40 pL). Dilute an aliquot for
spectrophotometric determination of concentration (1 OD U at 260 nm =40 pg/mL).
Usually 20 mL peripheral blood yields 5-40 pg RNA.

3.2.2. Method B (AGCP Method Modified from ref. 16)

L

e

Add 50 puL 2M NaOAc pH 4.0 to 500 uL GTC lysate. Always include at least
one blank.

Add 500 pL unneutralized water-saturated phenol and 100 pL chloroform. Vor-
tex for 10 s,

. Cool on ice 20 min and then spin at top speed 20 min at 4°C.
. Take top layer into new tube. Do not disturb the interface and leave 50-100 pL

behind. If the phases have not separated well, add another 50 pL of chloroform,
vortex, and spin again.
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Add equal volume of propan-2-ol (1sopropanol), mix, and leave at —20°C for at
least 1 h

Spin 15 min at 4°C, remove all supernatant, and wash the RNA pellet with 1 mL
80% ethanol.

Respin, take off all the liquid, and let the pellet air dry for 10 min

Dissolve the RNA in DEPC-treated water (e g., 40 pL).

3.2. cDNA Synthesis

1.

2

3.

4

Take, per reaction, 20 pL of cDNA mix and add 300 U M-MLYV reverse tran-
scriptase and 30 U RNasin

Heat 19 pL RNA (maximum 20 pg) to 65°C for 5 min and place on ice. Introduce
another negative control (water blank) at this stage

Add 21 uL of ¢cDNA mix to RNA (see Notes 9 and 10) Place at 37°C for 2 h
Store remaining RNA at —70°C.

Terminate reaction by heating to 65°C for 10 min. Store cDNA at —20°C.

3.3. Multiplex PCR (see Note 11)

1
2

3.

Take, per reaction, 21 pL multiplex PCR mix and add 0.75 U Tag polymerase.
Add 4 pL of cDNA (see Note 9) and one drop of mineral o1l

Amplify for 30-35 cycles at 96°C 30 s, 60°C 50 s, 72°C 1 min, followed by a 10
mun extension at 72°C (see Note 12),

Electrophorese 10 uL of the reaction on a 1.5% agarose gel containing 0 2 pg/mL
ethidium bromide. Bands should be as follows: 808 bp, normal BCR (B2B to
C5e-), 481 bp, ela2 (BCR-C to CA3-), 385 bp and/or 310 bp, b3a2 and b2a2,
respectively (B2B to CA3-) An amplified product from the BCR gene 1s the only
band detected in those patients who are BCR-ABL-negative (Fig. 2). The sole
presence of this band indicates that the quality of the RNA and efficiency of
c¢DNA synthesis were good; thus the patient confidently can be considered to be
negative for BCR-ABL. Absence of any band indicates failure of the procedure
(see Notes 13—16)

3.4. Nested PCR (see Notes 11 and 17)

1.

Take, per reaction, 20 pL first step PCR (either p210 or p190) mix, and add 0.75
U Tagq polymerase.

Add 5 uL of cDNA and one drop of mineral oil. Include a further negative control.
Amplify for 30 cycles at 96°C 30 s, 68°C 25 s, 72°C 1 min (for p210), or at 96°C
305, 64°C 50 s, 72°C 1 mun (for p190), followed by a 10-min extension at 72°C.
Take, per reaction, 19 plL appropriate second step mix and add 0.75 U Tagq
polymerase.

Add 1 pL of the first step reaction and one drop of mineral oil.

Amplify for 30 cycles at 96°C 30 s, 64°C 50 s, 72°C 1| min, followed by a 10 min
extension at 72°C (for erther p210 or p190)

Electrophorese 10 uL. of the second step reaction on a 1.5% agarose gel contain-
g 0.2 yg/mL ethidium bromide. Bands should be 458 bp (b3a2), 383 bp (b2a2),
or 444 bp (ela2).
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BCR —

ela2 —

b3a2 —
b2a2 —

Fig. 2. Multiplex PCR. Lanes 1 and 2: Ph-positive CML, both with b2a2 BCR-

ABL; lane 3: Ph-negative, BCR-ABL-negative CML; lane 4: Ph negative b3a2 BCR-
ABL positive CML; lanes 5 and 7: Ph-positive ALL with ela2 and b2a2 BCR-ABL
respectively; lane 6: Ph-negative, BCR-ABL-negative ALL, lane 8: negative control;
lane M: pEMBL/Tag1 markers.

3.5. Competitive (Quantitative) PCR (14)

1.

As nested PCR except that 2.5 pL of cDNA plus 2.5 pLL competitor are used as
templates for the first step PCR; and 1 pL of the first step reaction is diluted into
200 pL H,O and 1 pL of this dilution used to seed the second step PCR. A series
of reactions are performed, initially adding competitor at every order of magni-
tude and then homing in to the equivalence point at every half order of magnitude.
After electrophoresis, the competitor bands are distinguishable from the sample
BCR-ABL by size. The p210 competitor gives a band at 559 bp and the p190
competitor at 578 bp.

The number of BCR-ABL transcripts in the specimen is determined by the num-
ber of competitor molecules that are added, or would have to be added, to give
competitor and BCR-ABL bands of equal intensity. This may be estimated by
eye or by densitometry. Compensation for the difference in size between the
bands is made by multiplying the number of competitor molecules added at the
equivalence point by 1.2 (b3a2), 1.5 (b2a2), or 1.3 (ela2). Knowing the amount
of RNA used to make the cDNA, this number can be converted to the number of
BCR-ABL transcripts/ug RNA (see Notes 18 and 19).

4. Notes

1.

The problem of contamination in PCR analysis cannot be overemphasized.
Although it is possible to perform PCR with few precautions for many months
without spurious results, once contamination does arise it may be surprisingly
difficult to eliminate. Multiple negative controls should always be performed and
results discarded if any negative controls are positive. To avoid contamination,
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PCR products must be kept separate from all of the previous steps, 1 e , sample
and reagent preparation, RNA extraction, cDNA synthesis, and PCR setup. The
simplest, and most effective, way to do this is to always electrophorese the reac-
tion products 1 a second laboratory using a different set of pipets Plasnmuds or
other clones may also be a serious source of contamination if they harbor the
relevant sequences; such clones should always be manipulated 1n a different labo-
ratory from where the PCRs are set up. The use of plugged (aerosol-resistant)
pipet tips and lamnar flow hood may help to minimize contamination We have
found 1t helpful to designate all stock solutions and chemicals for PCR use only,
and to make up large batches of cDNA synthesis and PCR reagents 1n single-use
aliquots; this has the added advantage of improving the reproducibility of the assay.
Care must be taken 1n the preparation and manipulation of RNA 1n order to
prevent degradation by ubiquitous ribonucleases (RNase). Gloves should always
be worn and changed frequently Aqueous solutions that do not contain Tris or
SDS should be treated by addition of diethylpyrocarbonate (DEPC) to 0.1%,
mcubation for 2 h at 37°C followed by autoclaving. It 1s not usually necessary to
treat pipet tips and microfuge tubes as long as they are sterile and only handled
using gloves
Either blood or bone marrow may be used for diagnostic samples For residual
disease studies, blood and marrow are of equal sensitivity for CML (17), whereas
marrow 1s preferred for ALL (78).
Red cells may also be removed by 1solating mononuclear cells after centrifuga-
tion over Lymphoprep, according to the manufacturer’s instructions
Samples are usually 20 mL peripheral blood or 2 mL bone marrow, but diagnos-
tic samples may be as little as 25 pl.  Generally, 1t 1s important to remove the
bulk of the red cells but whole blood or marrow may be lysed directly provided
the sample volume does not exceed 5% of the volume of GTC
The best way to store samples 1s as lysates in GTC at —20°C 1n which they are
stable for months or even years. Extracted RNA 1s nearly always of inferior qual-
1ty 1f cryopreserved cells or frozen cell pellets are used rather than fresh material.
We find RNA extraction method A gives the most reliable results and 18 more
appropriate for residual disease studies since 1t is necessary to use larger samples
in order to achieve the maximum sensitivity. Method B has the advantage that an
ultracentrifuge 1s not required and usually 1s the method of choice when a large
number of samples need to be processed.
Although it 1s important to always include multiple negative controls to monitor
for contamination, 1t is also important to include positive controls to check for
efficiency and sensitivity, particularly for residual disease studies. Convenient
positive controls are RNA extracted from cell Iines, e g , b3a2, K562 (/9), b2a2,
BV173 (20); ela2, SD1 (21)

. The supernatant contains the DNA which, 1f sufficient cells are processed, forms

an easily 1dentifiable a viscous layer. To recover the DNA, dilute the viscous
layer with 4 vol H,0, extract twice with an equal volume of 1.1 neutralized phe-
nol/chloroform and precipitate with 2 vol of ethanol
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The final concentrations of reagents In the reverse transcription reaction are: 50
mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCl,, 1 mM DTT, 120 pg/ml. ran-
dom hexamers, 1 4 x 10* U/mL M-MLV reverse transcriptase, 1400 U/mL
RNasin. The final concentrations in the PCR are: 10 mM Tris-HCI, pH 8.3, 50
mM KCl, 1.5-2.5 mM MgCl, 0.5 pM primers, 0.2 mM each of dATP, dGTP,
dCTP, and dTTP, 30 U/mL Taq polymerase.

Too much ¢cDNA inhibits the amplification efficiency. If a background smear, or
weak/absent bands are obtained, try reducing the amount of cDNA used to seed
the PCR.

The multiplex PCR easily should be able to detect BCR-ABL when chronic phase
CML blood is diluted into normal blood at a ratio of 1-100. It should not be
necessary to use nested PCR to detect BCR-ABL in samples at diagnosis. Nested
PCR should routinely detect a single leukemia cell in a background of 10°—10¢
normal cells and therefore 1s used to detect residual disease in patients who are in
cytogenetic remission. This great sensitivity, however, can lead to serious prob-
lems with contamination.

The precise cycling conditions need to be optimized for each thermocycler and
therefore these parameters are given as a guide only. Common causes of failure
are lack of primer binding because the annealing temperature 15 too high, or inef-
ficient strand separation owing to the denaturing temperature being too low
PCRs may fail if the Mg?* concentration is too low and therefore the MgCl,
concentrations given here are slightly greater than in previous recipes. Other com-
mon reasons for failure of amplification are poor quality cDNA or that either Tag
polymerase or nucleotides have gone off.

Spectficity is often improved by “hot-start” PCR 1n which the Taq polymerase is
added only after once the tubes have reached the denaturation temperature. We
have found that usually the same specificity can be achieved by allowing the
thermocycler to heat up to 96°C before putting 1n the reaction tubes.

In those patients expressing BCR-ABL, the BCR band derived from the normal
allele is sometimes not visible. This is not due to a failure of BCR expression in
these patients, since BCR is effectively amplified if primers B2B and CS5e- are
used on their own; presumably the BCR-ABL amplification product effectively
out competes or suppresses the BCR product under the reaction conditions
described. Occasionally an additional band is seen at about 2.3 kb. This results
from amplification of the normal BCR allele with primers BCR-C and CSe-.
Other genes may be amplified in a separate reaction to control for adequate cDNA
synthesis. However, since RNA preparations always contain variable amounts of
contaminating genomic DNA, it 1s crucial to confirm that primers used for the
control gene do not generate an amplification product from genomic DNA that
may be confused with that from cDNA. It is also important to use a control gene
that 1s expressed at a similar level to the target gene For example, B-actin should
not be used as a control for RT-PCR since this gene is expressed at a much higher
level than BCR-ABL and furthermore the genome contains multiple B-actin
pseudogenes (22,23).
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The simple detection or nondetection of BCR-ABL mRNA by nested PCR 1n
remission samples 1s of hmited vaiue in the clinical management of individual
patients (/2). In response to this, we and others developed a competitive PCR
assay to quantitate BCR-ABL transcripts and showed that rising levels of the
fusion gene mRNA can be observed several months prior to cytogenetic detec-
tion of relapse (/4,24) Furthermore such evidence of early relapse may be used
to mitiate effective therapy in the form of donor lymphocyte transfusion (25)
Chronic phase CML samples should have about 2 x 10°-10% BCR-ABL tran-
scripts/pg RNA. Levels in diagnostic ALL samples may be somewhat higher
Patients who are in cytogenetic remission generally have <5 x 10> BCR-ABL
transcripts/ug RNA (14)

Extensive controls are needed to monitor the reproducibility of competitive PCR.
A range of dilutions of positive RNAs and cDNA should be stored and tested
frequently. Although the competitive PCR described here controls effectively for
variations in PCR amplification efficiency, it does not control for the quality of
the RNA, the efficiency of the cDNA synthesis or the quantity of RNA (if the
RNA 1s contaminated with DNA or the amount of RNA is small, then large errors
may be mtroduced by spectrophotometric determnation of concentration). Prob-
ably the most robust way to control for all these parameters 1s to quantify BCR-
ABL relative to an internal control gene We are exploring the use of ABL and
other genes as internal controls for competitive PCR (18)
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Molecular Diagnosis of Acute Myeloid Leukemia
with Maturation, FAB-Type M2

Ewald J. B. M. Mensink and Louis T. F. van de Locht

1. Introduction

Nonrandom chromosome abnormalities frequently are seen in particular
subtypes of human leukemia and lymphoma. These abnormalities are consid-
ered to be involved in the neoplastic transformation and 1n tumor progression.
The translocation (8;21) (q22;q22) is consistently associated with acute
myeloid leukemia with maturation (French-American-British classification
subtype M2; AML-M2). It accounts for 40% of pediatric type AML-M2
Molecular cloning of the chromosome 8-21 translocation breakpoint showed
clustering on chromosome 21 within a limited region in the AML1 gene and on
chromosome 8 within a limited region in the ETO gene (Eight Twenty One)
also called MTG8 (Myeloid Translocation Gene on chromosome 8) (/—7). The
t(8;21) results in a chimerical AMLI1/ETO gene on the der(8) chromosome.
Rearrangement of AML1 was also detected 1n a patient with 8q- and only one
chromosome 21, but without 21g+. This indicates that the molecular events on
the der(8) chromosome leading to the chimerical AML1/ETO gene are more
important than the events on the reciprocal 21q+ chromosome (8).

The role of the chimerical AML1/ETO protein 1n oncogenesis is as yet
unknown. The ETO gene 1s not normally expressed in the hematopoietic sys-
tem. Expression of a 5.5 kb ETO mRNA was found 1n the lung (9). Based upon
the protein structure, the AMLI protein was proposed to be a transcription
factor (5). The central part of the AML1 protein contains a region of homology
to the runt segmentation gene of Drosophila (1). The AMLI gene is also
involved in the t(3;21) occurring 1n therapy-related leukemia and in chronic
myeloid leukemia in blast crisis (10,11). In both types of translocation, this runt
domain is retained in the chimerical protein. This domain was shown to be impor-
tant for sequence-specific DNA binding and protein—protein interactions (72).

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc , Totowa, NJ
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Southern blotting and polymerase chain reaction (PCR) can be used as use-
ful tools for the diagnosis and monitoring of the disease. They could prove to
be useful in assessing residual leukemia after chemotherapy and be important
in deciding further treatment.

2. Materials

As a positive control in the Southern blotting and RT-PCR genomic DNA and
mRNA derived from cell line Kasumi-1 can be used. This cell line carries the
t(8;21) and has characteristics of myeloid and macrophage lineages (73). It can
be obtaned from the European Collection of Animal Cell Cultures (Salisbury,
UK; ref. no. 8550). As anegative control, DNA and mRNA of peripheral blood
mononuclear cells of healthy individuals can be used (see Note 1).

2.1. Small-Scale RNA Isolation
All solutions and glassware should be DEPC treated to remove RNases

1 Guamdinium-isothiocyanate solution (GITC): 4M guanidintum-isothiocyanate,
25 mM sodum citrate pH 7, 0.5% N-lauroyl sarcosine, and 0.1M B-mercaptoethanol.
10 mg/mL Yeast t-RNA (Boehringer/Mannheim, Mannheim Germany)

2M Sodium acetate, pH 4 0

Water-saturated phenol.

Chloroform

Isoamylalcohol.

Isopropanol

DEPC-treated dH,O

2.2. cDNA Synthesis

200 U/uL Mo-MLV Reverse transcriptase (Gibco/BRL, Gaithersburg, MD).
5X Reverse transcriptase bufferr 250 mM Tris-HCI, pH 8.3, 375 mM KCI,
15 mM MgCl,

100 mM DTT.

dNTP mixture of 25 mM of each nucleotide (Pharmacia, Uppsala, Sweden).
100 pmol/uL Random hexamers (Boehringer/Mannheim)

40 U/uL RNasin RNase nhibitor (Promega, Madison, WI)

PN Y AW

B b

oW

2.3. Polymerase Chain Reaction

1. 10X PCR buffer: 200 mM Tris-HCI, pH 8.3, 500 mM KCI, 15 mM MgCl,
0.01% gelatin,

2. 5 U/UL Tagq Polymerase (Gibco/BRL).

3. 10 pmol/pL Primers. Sequence of B,-microglobulin primers used 1in 5'--3' orienta-
tion Sense primer B2M-5 CTC GCG CTA CTC TCT CTT TCT; Antisense
primer B2M-3: TGT CGG ATT GAT GAA ACC CAG. Sequence of the AML1
and ETO-primers used 1n 5'-3' orientation Sense primer AMLI1-5° GAA GTG
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AMLI-5

— >

AML-1 [ e FR TR 1 ETO

2.4.
. 2% Agarose in 1X TAE buffer: 40 mM Tris-acetate, | mM EDTA, 0.0001%

b

ool S B

MTGS-int MTGS-3

< >

208bp

Fig. 1. Relative localization of primers used for PCR and screening.

GAA GAG GGA AAA GCT; Antisense primer MTGS8-3: GGG GGA GGT GGC
ATT GTT. The relative localization of primers used is shown in Fig. 1. Informa-
tion about the AML1 and ETO sequences is provided (see Note 2).

Analysis of PCR Products
ethidium bromide.

5X Sample loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol FF,
15% Ficoll (type 400 Pharmacia) in 5X TAE.

. Hybridization and Screening
. MTGS8-int primer. Sequence is shown in 5-3' orientation (see Fig. 1): AGC CTA

GAT TGC GTC TTC ACA TCC 10 pmol/pL.

10 U/pL Polynucleotide kinase (Pharmacia).

10X Kinase buffer: 500 mM Tris-HCI, pH 7.5, 100 mM MgCl, 50 mM DTT,
| mM spermidine.

[v*2P] ATP (3000 Ci/mmol, Amersham, Arlington Heights, IL).

Hybridization buffer: 0.5M sodium phosphate, pH 7.2, 7% sodium dodecyl-
sulfate (SDS), 1 mM EDTA.

Sephadex G25 spin column.

10 mg/mL Herringsperm DNA (Boehringer Mannheim).

Washing solution: 40 mM sodium phosphate, pH 7.2, 1% SDS.

X-Ray film (Kodak, Rochester, NY).

3. Methods

Because PCR procedure for the detection of the chimerical AML1/ETO tran-
script is highly sensitive, it can be used as a method for the diagnosis and
detection of minimal residual disease during and after treatment (4,7). Since
the translocation gives rise to a chimerical AML1/ETO mRNA translation into
cDNA using reverse transcriptase (RT) is necessary first. The following one
step PCR is a rapid and accurate method for the detection of this chromosomal
abnormality. When oligonucleotide primers derived from the AML1 and ETO
cDNAs are used specific fusion transcripts can be amplified in at least 98% of
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12345678910

Fig. 2. Analysis of products of RT-PCR after agarose gel electrophoresis. Lane 1:
100 bp DNA molecular weight marker; Lane 2: cell line Kasumi-1; Lane 3-8: periph-
eral blood samples of patients with AML-M2; Lane 9: cell line Jurkat; Lane 10: dH,O
instead of RNA template.

the patients even in case of cytogenetically masked translocations. This
percentage is based on a summary of data presented in recent literature
(8,14,15,16). Thus far only very few cases of AML-M2 carrying the t(8; 21)
were reported in which the RT-PCR analysis was negative (in one out of 11
patients /&8/; in one out of eight patients van de Locht, unpublished observa-
tion). This suggests that alternative breakpoints exist. In at least one patient,
the breakpoint within AML-1 was indeed located downstream to the breakpoint
cluster (8). A Southern blotting procedure for the screening of genomic DNA
to detect the presence of the translocation is less sensitive (see Note 3).

Using RT-PCR on the AMLI/ETO junction in AML-M2 patient samples
fragments of expected size as well as some additional slower migrating bands
can be observed after agarose gel electrophoresis or on autoradiogram (7,9, /4;
and Fig. 2). This is owing to molecular diversity at the mRNA level in the
AMLI/ETO fusion (17) (see Note 4).

3.1. RNA Isolation

RNA is extracted using the guanidinium thiocyanate acid phenol chloro-
form procedure (/8) with minor modifications.

1. Spin down 1 x 10 cells in an Eppendorf tube for 5 min at 14,000g.
2. Remove supernatant and put tubes on ice.
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3. Addto the pellet: 100 pL of guanidinium thiocyanate solution containing 100 pg/
mL yeast tRNA (Boehringer/Mannheim) as a carrier and vortex for 10 s, 50 pL of
2M NaAc and mix well; 500 pL of water saturated phenol and mix; and 100 pL
of chloroform/i1soamylalcohol (49.1), vortex well for 10 s.

4 Place tubes on ice for 10 min.

Centrifuge 15 min 14,000g at 4°C.

6 Transfer 400 pL of the supernatant to an Eppendorf tube containing 400 L
isopropanol and mix. Place at least 1 h at —20°C. Centrifugate 15 min 14,000g
at 4°C

7. Dissolve pellet in 150 uL. GITC solution, add 150 uL isopropanol, mix and place
at least 1 h at —20°C Centrifugate for 15 mun at 14,000g at 4°C and remove
supernatant,

8. Wash pellet (twice) with 200 puL 75% ethanol. Centrifugate I min at 14,000g and
remove supernatant,

9. Dry pellet 5 min in Speed-Vac.

10 Daissolve RNA in 50 pL DEPC dH,O by heating 10 min at 65°C Store RNA

at —70°C

Care must be taken to avoid RNase contamination since this will result in
degradation of samples. RNA quality is assessed using a RT PCR on ,-micro-
globulin RNA.

(9.

3.2. cDNA Synthesis

To prevent contamination, all solutions used for cDNA synthesis and the
subsequent PCR are checked and aliquoted. Aerosol-resistant pipet tips are used.
RNA isolations, PCR preparations, and analysis of PCR products are performed in
separate parts of the laboratory. In each RT-PCR positive and negative control,
RNA samples are used. Two independent RT-PCR procedures are performed
on B,-microglobulin and AML1/ETO, respectively.

1. Ina plastic microfuge tube, mix: 8.5 pL DEPC water, 4 uL of SX RT buffer, 0.5 ul.
of 25 mM dNTP, 1 uL of 100 pmol/uL random hexamers, 5 pL. of RNA solution,
1 uL of 40 U/ul. RNasin, and 1 pL of 200 U/ul Mo-MuLV RT

2. Add 100 pl mineral o1l to overlay the reaction.

3. Incubate for 10 min at 20°C, followed by 42°C for 45 min, and 10 min at 95°C.

Subsequently put the samples on ice and proceed to the PCR.

3.3. PCR on AML1/ETO

1. Prepare a master mix in a plastic microfuge tube. For convenience, multiply the
amount of solutions used by the number of samples (n) to be analyzed exceeded
by one (n + 1). Per sample add and mix: 55.5 uL dH,0, 8 uL of 10x PCR buffer,
3 pL of AMLI-5 primer, 3 uL of MTG8-3 primer, and 0.5 uL of 5 U/l Taq
polymerase
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Take 80 uL of master mix solution and add to the cDNA reaction mixture
Perform PCR in a thermocycler starting with a denaturation step at 94°C for 5 min.
For AMLY/ETO cDNA amplification this 1s followed by 35 cycles of* 94°C for
1 5 mn, 55°C for 2 mn, and 72°C for 2 mun.

After the last cycle an additional extension phase of 10 min at 72°C 1s performed
Subsequently, the samples can be cooled to 4°C

PCR on p,-Microglobulin

Prepare a master mix 1n a plastic microfuge tube. For convenience, multiply the
amount of solutions used by the number of samples (#) to be analyzed exceeded
by one (n + 1) Per sample add and mix 65.5 ul. dH,O, 8 uL of 10x PCR buffer,
3 pL of 10 pmol/ul. B2M-5 primer, 3 pL of 10 pmol/ul. B2M-3 primer, and 0.5
pL of § U/ul Tagq polymerase.

Take 80 pL. of master mix solution and add to the cDNA reaction mixture
Perform PCR 1 a thermocycler starting with a denaturation step at 94°C for 5 min
For B,-microglobulin cDNA amplification the denaturation step 1s followed by
30 cycles of: 94°C for 30 s, 55°C for 30 s, and 72°C for 90 s.

In both reactions, after the last cycle an additional extension phase of 10 mun at
72°C 1s performed. Subsequently, the samples can be cooled to 4°C

3.5. Agarose Gel Electrophoresis and Southern Blotting

1

2

3

4.

To each tube add 100 uL of TE saturated chloroform and vortex briefly and spin
down for a few seconds

Transfer 15 ul of the upper layer to a new tube contamning electrophoresis sample
buffer. Mix well

Load the sample onto 2% agarose gel m 1X TAE buffer contamning 5 mg/mL
ethidium bromide. The gel pattern can be analyzed after electrophoresis for
approx L hat 120 V The expected fragments are 208 bps for AML1-ETO (Fig. 2)
and 130 bps for B,~-microgiobulin.

Southern blotting can be performed according to standard procedures.

3.6. Kinasing of Oligonucleotide Primer
and Hybridization of Southern Blot

An nternal oligonucleotide probe MTG8-nt (Fig. 1) 1s used to screen the
Southern blot for confirmation of the AML1/ETO products (see Note 5).

I.

2
3.
4.

In a plastic microcentrifuge tube mix: 7.0 pL dH,0, 5.0 uL y32P-ATP, 5.0 uL
MTG8-int primer (10 pmol/uL), 2.0 mL 10X kinase buffer, and 1.0 uLL T4 poly-
nucleotide kinase (10 U/ulL).

Incubate at 37°C for 30 min

Heat mactivate the enzyme for 5-10 min at 68°C.

Remove free label by G-25 spin column centrifugation.

Hybridization of the blot with the radioactively labeled primer and subse-
quent washing is according to standard procedures.
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3.7. Interpretation of Results

Samples are regarded to be positive for AML1/ETO chimerical RNA when
a hybridization signal is visible after exposure of the filters, whereas negative
controls are negative and the B,-microglobulin reaction 18 positive on agarose
gel. Samples are regarded to be negative when no signal 1s visible on the auto
radiogram after PCR, whereas positive controls and the 3,-microglobulin reac-
tion are positive. This way one t(8;21) positive cell among 10° negative cells
can be detected (see Note 6).

4. Notes

1 Isolation of bone marrow/blood cells: Mononuclear cells from bone marrow and
peripheral blood samples are 1solated by Ficoll-Hypaque centrifugation and
washed with phosphate buffered saline (PBS) according to standard procedures
using Percoll of a density of 1.085 g/mL.

2. AMLI/ETO sequences in EMBL/Genbank: The cDNA sequences of the AML1/
ETO, the AMLI and the ETO genes are present in the EMBL/Genbank. From
this sequence information the primers for the PCR are derived The accession
number for the complete codons of the AML1/ETO fusion transcript 1s D13979
(ID number HSAMFP). The accession number for the complete codons of the
human AML1 mRNA 1s D10570 or D90525 (ID number HSAML1) The acces-
sion numbers for the complete codons of two alternative human ETO mRNAs 1s
D14820 (for MTG8a protein, ID number HSMTG8a) and D14821 (for MTG8b
protein, ID number HSMTG8b), respectively. The two ETO mRNAs differ at
approx 480 bps downstream of the ETO owing to alternative splicing (4). The
sequence of an AML1/ETO splicing variant was published by van de Locht et
al. (17).

3 Southern blot for detection of the translocation: All the breakpoints occur at
random within a single intron of 25 kb between two coding exons of AMIL1
There is no specific localization of the breaks and the existence of a translocation
hot spot seems unlikely (3). A panel of probes generated from the AML1 gene
and ETO gene regions flanking the breakpoint on chromosome 21 can be used to
detect rearrangements in at least 85% of the patients. This percentage 1s based on
a summary of data presented in recent literature (3,7,8,7/9). In some patients
the translocation 1s not detectable by cytogenetic analysis. On Southern blot
these masked t(8;21) rearrangements at the AML 1 locus can be detected (16)
The Southern blot assay allows detection of approx 5 leukemic cells per 100
normal cells.

4. Molecular diversity at the AML1/ETO fusion. An additional sequence of 68 bps
was found to be present in approx 10% of the AML1/ETO ¢cDNA molecules (17)
The organization of this sequence was studied at the DNA and cDNA level It
was found to be located in the ETO gene located directly upstream of the ETO
exon involved in the translocation at chromosome 21 The resulting cDNA con-
tains several stop codons downstream the AML1/ETO junction. The functional
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role of this sequence, if any, 1s not known Because of competition of different
AMLI/ETO cDNA molecules in the PCR, this variability in theory interferes
with the sensitivity of the RT-PCR to detect minimal residual malignancy. As an
alternative a PCR can be performed using the AML1-5 primer and a AMLI/ETO
breakpoint primer This way only one AML1/ETO product 1s amplified. The
sequence of this antisense breakpoint primer 1s: 5'-TGC TTC TCA GTA CGA
TTT CGA-3' For confirmation after Southern blotting an internally localized
sense primer can be used The sequence of this 821U sense primer 1s* 5-AGC
TTC ACT CTG ACC ATC AC-3". The PCR conditions are the same as described
1n Section 3.3

Nonradioactive labeling: Nonradioactive labeling of the hybridization primer 1s
possible. Usually, a thiol-linker or aminolinker 1s used Different systems are
available commercially.

Sensitivity of the RT-PCR- Specific fusion transcripts can be detected from as
little as 0 1 ng of total RNA from leukemia patients. The RT-PCR potentially
allows detection of one leukemic cell among 104103 cells without the transloca-
tion (8) double step PCR is even more sensitive (4)
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Analysis of the PML/RAR-a Fusion Gene
in Acute Promyelocytic Leukemia

by Reverse-Transcription Polymerase
Chain Reaction

Technical Recommendations, Advantages, and Pitfalls

Daniela Diverio, Anna Luciano, Roberta Riccioni,
Francesco Lo Coco, and Andrea Biondi

1. Introduction

Perhaps more than any other tumor marker associated with hematological
neoplasia, the PML/RAR-a hybrid gene has been shown to be important in the
clhinical practice. This aberration is absolutely APL-specific, being found in
virtually 100% of cases and 1n no other tumors. Secondly, it 1dentifies a clini-
cal entity that is unique in 1ts response to a specific treatment, i.e., the
differentiative agent all-trans retinoic acid (ATRA). As the disease frequently
presents with a life-threatening hemorrhagic diathesis, 1ts prompt recognition
in order to start the specific treatment is mandatory (7,2). In this respect,
reverse-transcription polymerase chain reaction (RT-PCR) amplification of the
specific fusion gene represents an extremely useful diagnostic tool. Finally,
several groups have independently reported that RT-PCR monitoring studies
of residual disease in APL provide important prognostic informations, by
predicting hematologic relapse in patients who test positive during clinical
remission (3-5).

Based on these considerations, it appears that a standardized RT-PCR
method to amplify the PML/RAR-a gene would be of considerable aid in
molecular biology laboratories with prominent interest in clinical studies
regarding diagnosis and monitoring of leukemia. However, in spite of its rel-
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evance, the diffusion of the RT-PCR assay for PML/RAR-a in climically on-
ented hematological laboratories has been relatively limited, probably owing to
technical difficulties. Since 1990, we have devoted much effort to the setting
up and optimization of this assay. So far it has been employed 1n more than 300
diagnostic and 1n several hundreds remission samples by functioning as refer-
ring molecular biology laboratories for the APL cases all over Italy. We report
here some technical recommendations that may help to obtain rehiable results
when using the RT-PCR technique for diagnostic or monitoring studies in APL.

2. Solution and Materials

2.1.

2.2,

cDNA Synthesis

Random hexamers (500 pg/mL) (5 NNNNNN 3'were N= A, C, G, or T).
Diethylpyrocarbonate (DEPC)-treated water or bidistilled water for clinical use
5X RT buffer 250 mM Tns-HCI, pH 8.3, 375 mM KCl, 15 mM MgCl,

dNTP stock 10 mM each dATP, dGTP, dCTP, and dTTP

0 1M Dathiothreitol (DTT)

RNase mhibitor (40 U/uL)

Reverse transcriptase enzyme (200 U/pL).

PCR Mixture for FIRST PCR

0 5-mlL plastic tube (50-uL final vol/reaction).

35 uL of water.

5 pL of 10X reaction buffer. 100 mM Tris-HCI, pH 8.3, 15 mm MgCl,, 500
mM KCl, 15 mM MgCl,

1.85 uL of 25 mM MgCl,

3.5 uL of dNTP stock (10 mM each dATP, dGTP, dCTP, and dTTP).

1 pL of primer 5' (PML) 15 pmol (see Note 1) (M4: 5'-AGCTGCTGGAGG
CTGTGGACGCGCGGTACC-3' PML exon 3 or M2; 5-CAGTGTACGCCT
TCTCCATCA-3".

1 pL of primer 3' (RAR-a) 15 pmol (see Note 1) (RS 5'-CCACTAGTGGTA
GCCTGAGGACT-3' RAR-a exon 3).

0.25 pL of Taq DNA polymerase (2.5 U/pL).

This makes up a volume of 48 pl. and 1s ready for the addition of cDNA (see
Note 2).

. PCR Mixture for NESTED PCR
. 0.5-mL plastic tube (50-uL final vol/reaction)

36.75 pyL water.

5 uL of 10X reaction buffer: 100 mM Tris-HCI, pH 8.3, 15 mm MgCl,, 500 mM
KCl, 15 mM MgCl,

2 uL of I mM MgCl,.

3 pL of dNTP stock (10 mM each JATP, dGTP, dCTP, and dTTP).

1 pL of primer 5' (PML) M4 15 pmol.
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7 1 pL of primer 3' R8 15 pmol (R8: 5-CAGAACTAGTGCTCTGGGTCTCAAT-3").

8 025 L of Taq DNA polymerase (2.5 U/pL).

9. This makes up a volume of 49 pL and is ready for the addition of PCR product
from the FIRST PCR (see Note 2).

2.4. Gel Electrophoresis

1 Agarose (2% gel)

2. 10X Tns borate electrophoresis buffer (TBE)- 108 g Tris-base, 55 g boric acid, and
40 mL of 0 SM EDTA Make up to 1 L and autoclave Store at room temperature

3. Ethidium bromide (10 mg/mL stock) (see Note 3).

3. Methods

3.1. Collection, Preparation, and Storage
of APL Samples and RNA Extraction

In contrast to most other leukemic subtypes, APL is usually a leucopenic
disease at presentation. Blasts could be confined 1n the bone marrow (BM),
and therefore the analysis of peripheral blood (PB) may be misleading, 1.e., the
absence of PB leukemic cells would result in false negativity. It is highly rec-
ommended to preferentially analyze BM specimens either at diagnosis or
during the follow-up, with the only exception of the rare microgranular (vari-
ant form)—M3v—which is frequently hyperleukocytic (7,2). Given not only
to the low number of blasts, but particularly to the frequent rapid clotting of the
diagnostic samples, the availability of good quality RNA may be difficult. Clot-
ting leads to the release of lysosomal enzymes, which may cause damage to
RNA integrity (5,6). Samples should therefore be processed as soon as pos-
sible by isolating the mononuclear fraction (through a Ficoll-Hypaque gradient
centrifugation) from the other blood components. If RNA is not immediately
extracted, cells can be resuspended in a solution of 4M guanidium thiocyanate
to prevent the action of nucleases and then stored for unlimited periods of
time at —20 or —70°C. By using these precautions and working with RNAase
free solutions and disposable materials, we have been able to obtain good qual-
ity RNA in at least 95% of cases. When samples are to be sent from other
institutions to reference laboratories, we suggest to locally follow the detailed
rules for specimens collection and storage, and to ship the vials containing the
frozen mononuclear cells resuspended in GTC. Although good quality RNA
to analyze other disease-specific genetic lesions may be obtained from stored
whole blood, the isolation and storage in GTC of promyelocytic blasts 1s, at
least in our experience, more effective in protecting the RNA integrity. (Alter-
natively, several laboratories used to store a dry pellet of isolated mono-
nuclear cells with no GTC solution, but this procedure may lead to more
frequent RNA degradation 1n the specific case of APL.) Both most commonly
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used RNA extraction techniques, i.e., the Chomczynsky and Sacchi guanidium
thiocyanate (7) and the Cesium Chloride (CsC1) methods (8) are equally effec-
tive to obtain sufficient RNA for the analysis. However, the former is recom-
mended when a rapid extraction is needed while cleaner (more DNA-free) RNA
1s obtained using ultracentrifugation on a CsC1 gradient. The yield of RNA
and its degree of protein contamination 1s determined by spectrophotometry.
Finally, we suggest to always assess the RNA quality by running an aliquot on
a formaldehyde gel.

3.2. cDNA Synthesis

The generation of the PML-RAR-a ¢cDNA by reverse transcription is car-
ried out according to established procedures using commercially available en-
zymes and reagents (8) and 1s also presented more fully 1n other chapters. In
our hands, the efficiency of the various enzymes shows only slight differences
with comparable cDNA yields As primers, we use random hexamers, but
RAR-a complementary 3' oligos or dT tails are equally effective.

1. In a 0.5-mL microtube mix. 1 pL random hexamer as primers and 5 uL DEPC-
treated water.

Add 2 pL. RNA 0 5 pg/ul

Incubate at 70°C for 10 min

Add 4 pL of 5X RT buffer.

Add 4 pL of mixed dNTP stock

Add 2 yL of 0.1M DTT.

Add 1 uL of RNase inhibitor

Finally add 1 pL of RT (200 U/uL}) at room temperature.

Mix the reagents very well.

Incubate at 37°C for 60 min, at 99°C for 5 min, and at 5°C for 5 min.

An aliquot of 2 ul of cDNA 1s then diluted with 48 pl of FIRST PCR mixture
(see Section 2 2)

3.3. FIRST PCR

1. After an initial denaturation at 95°C for 2 min, incubate at: 95°C for 20 s (dena-
turation), 50°C for 20 s (annealing), and 72°C for 20 s (extension)

2. Repeat this cycle for a total of 30 on an automated heat block (DNA thermal cycler).

3. Atthe end, 1 uL of FIRST PCR product 1s used for a second round of amplification.

3.4. Nested (Second Round) PCR

A half nested approach 1s used by employing 1n the second PCR round an
internal RAR-a exon 3 oligo (R8), and the same 5' primer (M4 or M2) as in the
first step. Such a procedure is required at diagnosis or whenever the PML
breakpoint type 1s still to be determined. Given to alternative splicing on PML,
more than one band is visualized on the ethidtum bromide gel in case of ber
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Fig. 1. PCR amplification of the PML/RAR--a in APL: identification of “uni-
versal” primers.

types 1 or 2 (located in intron 6 and exon 6, respectively, also referred to as
“long transcript”), as shown in Fig. 1. Alternatively, in cases with bcr type 3
(located in intron 3, “short transcript™), a single band is amplified using these
primers. When the occurrence of bcr 1-2 is suggested by the amplification of
several bands and a bcr3 has been ruled out, a downstream primer closer to the
breakpoint (located on PML exon 5) is used to amplify a single fragment
(Fig. 1B). Once the ber type has been identified for each case, PCR follow-up
experiments may be carried out with the appropriate primers always allowing
the visualization of a single band.

I. Add I pL of FIRST PCR product to 49 pL of second round of amplification mixture.
2. Heat the samples and run 30 cycles on an automated heat block as done for the
FIRST PCR at the same cycling temperatures.

3.5. Gel Electrophoresis

1. A 2% gel is made by boiling 2 g agarose/10 mL of TBE (1X).
2. Cool to approx 50°C and add 10 pL of ethidium bromide/100 mL.
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Pour the agarose 1nto an appropriate casting tray (Minigels are usually adequate
with a slim 1-mm comb.)

After setting, add 1X TBE solution to the gel tank.

At the end of PCR reaction, take 10-pL of PCR mixture and run on the 2% agar-
ose gel stamned The amplification product will bind with the ethidium bromide
and can then be readily visualized under a UV lamp (see Notes 4-6).

4, Notes

1

The location of PML and RAR-a oligoprimers and PCR conditions are described
in detail 1n several published manuscripts (6, 9—/3) The use of 5' primers on
PML exon 3 (M4) or exon 5 (M2) and 3' RAR-a exon 3 (RS5) 1s the most com-
monly used first-step strategy.

Always store the prepared PCR reaction mixture on 1ce prior to adding the appro-
priate cDNA It is advisable to make up the reaction mixture 1n batches and then
aliquot the 48-uL 1nto individual tubes for PCR.

Ethidium bromide should always be handled with extreme care, wearing gloves
as 1t readily binds DNA and as such 1s carcinogenic. It should not be added to
very hot agarose, as this will create toxic ethidium bromide vapors (add at an
approximate temperature of 50°C)

The PCR product should be run alongside a DNA si1ze marker Useful size mark-
ers include X1 ladder, 123-bp ladder, 100-bp ladder, and 1-kb ladder, all of
which are commercially available from Gibco-BRL (Gaithersburg, MD). A
brophenol blue loading buffer 1s usually used

Positive and negative controls are to be used 1n each experiment in order to vernify
the efficiency of the reaction and to rule out possible contaminations As a posi-
tive control, the APL derived NB4 cell line 1s frequently used Alternatively, an
APL diagnostic RNA with known PML/RAR-a fusion product may be included
in the experiment. Similarly to any other negative control test, this is done by
muxing all the reagents without the sample (“water lane™). As we have discussed,
the integrity of the RNA is one of the most crucial 1ssues in the RT-PCR analysis
of APL In addition to the visualization of the extracted RNA on the formalde-
hyde gel, the amplification of a cDNA fragment 1s required 1n order to (1) con-
firm RNA integrity and (2) evaluate the efficiency of the reverse transcription
step. Such reaction, to be always performed 1n all experiments, requires careful
attention in the choice of the gene to be amplified as well as n the location of
primers Indeed, this is one of the most discussed issues 1n all PCR experi-
ments. Also, there 1s considerable variability of the genes selected for this pur-
pose in different laboratories. As a general rule, it would be reasonable to avoid
using housekeeping or constitutively expressed genes and choose preferentially
one of the two genes involved 1n the translocation. Secondly, the location prim-
ers should always encompass the breakpoint in order that single copy of template
gene per chromosome would be present at diagnosis etther for the control or for
the translocated allele (14). In other words, this would allow a theoretically iden-
tical copy number of templates for each reaction (PML/RAR-a. vs normal allele)
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in a case with 100% leukemic cells. However, variations i the RNA stability or
other factors influencing the transcription rates may also influence the amount of
normal vs translocated allele copies. We used to amplify an RAR-o fragment,
mcluding exons 2-3, with the (R2: 5'-GCTCTGACCACTCTCCAGCA-3") primer
located upstream with respect to RAR-o breakpoint and a primer located down-
stream of it (RS; 5'-CCACTAGTGGTAGCCTGAGGACT-3' or R8: 5-CAG
AACTAGTGCTCTGGGTCTCAAT-3").
To determine the sensitivity of the reaction, dilution experiments have been per-
formed by mixing NB4 RNA (or RNA from APL) with a non-APL leukemic cell
line, as reported (/0). In our hands, the detection level of MRD using this tech-
nique is around 107 and is similar to that found by others. As compared to other
RT-PCR used to detect leukemia-associated hybrid genes (such as the BCR/ABL),
such sensitivity seems to be lower. These differences are probably owing to a
number of factors, including lower expression and greater instability of the
PML/RAR-« hybrid with respect to other fusion genes.
For the future, in even for the most experienced molecular biology laboratory,
the setting of a PCR test to amplify a novel translocation requires a varable num-
ber of attempts in order to find out the best experimental conditions. In the specific
case of APL, we have seen that even before the setting of the reaction, a number
of precautions are needed to obtain good quality RNA. Again we would empha-
size that an RNA yield 1s probably the main problem when dealing with APL
Several aspects should be examined in more detail in the near future to improve
the technique These may include the use of other RNA protective agents, the
setting of more efficient reverse transcription, the design of other oligonucleotides
allowing a higher sensitivity of the assay, and the use of signal enhancers. The
improvement of sensitivity levels is perhaps the most important goal for the near
future, In fact, although most PCR negative patients evaluated in remission with
the currently available methods are likely to become long-term survivors, others
have been reported to convert to PCR positive and relapse. Therefore, 1t appears
that a more efficient RT-PCR assay in remission could identify more patients at
risk of relapse who may benefit of additional therapy.
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RT-PCR Analysis of Breakpoints
involving the MLL Gene Located at 11q23
in Acute Leukemia

Chris F. E. Pocock and Finbarr E. Cotter

1. Introduction

Chromosome rearrangements of chromosome 11 at band 11g23 are detected
in a high proportion of infant leukemias (<1 yr) as well as childhood and adult
acute leukemias of both myeloid and lymphoid types. Molecular and cytoge-
netic analysis of these tumors has shown that 7-10% of acute lymphoblastic,
and 5-6% of acute nonlymphocytic leukemias are involved in this way (/).
Leukemias with rearrangements of band 11q23 typically are CD10™, exhibit
biphenotypic or mixed-lineage phenotype, and have a poor response to chemo-
therapy (2). The gene on chromosome 11 involved 1n the 11q23 rearrange-
ment has been cloned recently (3,4) and characterized. It is known as MLL
(or ALL-1, HRX, HTRX), the gene encodes a 3969-amino acid polypeptide
showing areas of homology to the Drosophila trithorax gene, a putative
regulator of homeotic genes in segment determination (5). The MLL gene 18
large and complex, containing two DNA-binding domains consisting of three
AT-hook motifs and two multiple zinc-finger domains, and thus has the
characteristics of a transcription factor likely to be involved n the regulation
of gene expression.

The MLL gene has been described as “promiscuous” because of the large
number of reciprocal partners involved in the translocation. Other chromo-
somes that have been implicated include 4, 9, 19, 1, 2, 5, 6, 10, 14, 15, 17, 22,
and X. Correspondingly a panel of primers required for screening of the trans-
locations must be large to encompass the increasing number of possible recip-
rocal partners. The majority of translocations, however, involve chromosomes
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4,9, and 19 and methods are described 1n Chapter 5 enabling the detection of
these abnormalities by a RNA-based PCR method.

The use of RNA, rather than genomic DNA, m PCR assays 1s required. The
method relies on the ability of the enzyme reverse transcriptase (a retroviral
enzyme not normally found in mammalian cells) to generate double-stranded
DNA from a mRNA template. This complementary cDNA represents the tran-
scribed regions of the gene with the introns spliced out. The use of random
hexamers as primers (see Section 2.2, later) enables a representative copy of
the entire transcribed sequences in the genome to be analyzed in the form of
cDNA. Alternatively, if a single area of the cDNA is to be mnvestigated then a
single specific primer positioned just 5' upstream from the area of interest can
be used to generate multiple copies only of the cDNA area of interest. The
disadvantage 1s that 1f further sequences elsewhere need to be examined, for
example a control, noninvolved sequence, then the use of a specific primer
means there is no representation of these other sequences 1n the cDNA copy.

Rearrangements of the MLL gene have breakpoints clustering within the
regions containing exons 5-9 (6,7) (Fig. 1). However, many of these exons are
separated by large introns often containing regions of Alu repeats. For example,
the intron between exons 8 and 9 (a region of high frequency of breakpoints)
spans 3.7 kb (8), and thus 1s 1naccessible to conventional PCR methodology. If
an RNA based technique is used then repetitive intron sequences are spliced
out during the production of mRNA and the target area for PCR amplification
can be reduced approx 10-fold. The cDNA sequence for MLL exons 59 spans
only ~650 bp, easily accessible to conventional PCR methods. The location of
breakpoints in the reciprocal partners allows identification of rearranged se-
quences utilizing amplification of less than 800 bp in the majorty of cases.

Historically, rearrangements at chromosome band 11q23 have been investi-
gated using the techniques of conventional cytogenetics and Southern blotting.
Both these techniques are time-consuming and labor intensive. Adequate
metaphases for karyotyping by G-banding are often difficult to obtain 1n infant
leukemic samples, and the sensitivity of chromosome analysis and Southern
blotting 1s probably only in the order of 1 in 100 cells. Although the use of
fluorescence in situ hybridization (FISH) undoubtedly has increased the sensi-
tivity of chromosome analysis, allowing the examination of interphase as well
as metaphase cells, it remains demanding in terms of time and effort. The use
of modern techniques for the rapid extraction of mRNA from small samples
and the use of an RT-based PCR technique based on a panel of different prim-
ers theoretically allows the detection or otherwise of rearrangements of the
MLL gene within 24 h. Furthermore, the sensitivity of the techmque 1s prob-
ably in the range of 1 1n 100,000 cells, thus allowing it potentially to be used as
a screen for minimal residual disease.
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600bp —9=—

100bp—

Fig. 1. (A) Graphic representation of MLL breakpoint cluster region. The total region
is —7 kb in size of which —700 bp is exon sequence. (B) 2% Agarose gel of amplification
products across MLL/AF-4 breakpoint in two patients with t(4;11). Patient A: lane 1,
MLL exon 5 — AF-4 (615 bp); lane 2, MLL exon 6 — AF-4 (415 bp); lane 3, MLL exon
7 — AF-4 (325 bp). (BP. MLL exon 8/9; AF-4 Position C). Patient B: lane 4, MLL exon
5 — AF-4 (580 bp); lane 5, MLL-exon 6 — AF-4 (380 bp); lane 6, MLL exon 7 — AF-4
(290 bp). (BP MLL exon 7/8; AF-4 Position B). Figures in parentheses are predicted
band sizes from cDNA data; L = 100 bp ladder (Gibco Brl), —ve = controls.

2. Materials
2.1. RNA Isolation

All solutions and glassware should be DEPC treated to remove RNases.

1. Guanidinium-isothiocyanate solution (GITC): 4M guanidinium-isothiocyanate,
25 mM sodium citrate pH 7.0, 0.5% N-lauroyl sarcosine, and 0.1M B-mercaptoethanol.
10 mg/mL Yeast t-RNA (Boehringer/Mannheim, Mannheim Germany).

2M Sodium acetate, pH 4.0.

Water-saturated phenol.

Chloroform.

Isoamylalcohol.

Isopopanol.

DEPC-treated dH,0.

® oUW

2.2. cDNA Synthesis

1. 200 U/uL Mo-MLYV reverse transcriptase (Gibco/BRL, Gaithersburg, MD).
2. 5X Reverse transcriptase buffer: 250 mM Tris-HCI, pH 8.3, 375 mM KCl,
15 mM MgCl,.
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2.3.

Pocock and Cotter
Table 1
Primer Sequences?
Primer Sequence, 5--3' Length, bp
Exon 5 sense CCTGAATCCAAAC 24
AGGCCACCACT
Exon 6 sense CGCCAACTATCCC 22
TGTAAAAC
Exon 7 sense AACCACCTCCGGTC 22
AATAAGCA
Exon 9 antisense GATGTTGCCTTCCA 24
CAAACGTGAC
AF-4 antisense TCACTGAGCTGAA 23
GGTCGTCTTC
AF-9 antisense CTTGTCACATTCAC 21
CATTCTT
ENL antisense 1 TCCACGAAGTGCT 24
GGATGTCACAT
ENL antisense 2 CTCGGGGCCGCGG 24
ACAAACACCAT
AF-X antisense GCTGCCTGACCACT 23
TGGCAAAGT
“Oligonucleotide sequences for amplification of fusion cDNAs involved
n t(4,11)-AF-4, t(11,19)-ENL, 5(9,11)-AF-9 and t(X;11)-AF-X Includes
primers for amplification of exons 5 and 6 to exon 9 as controls. (S = sense, AS
= antisense)
100 mM DTT
dANTP mixture of 25 mM of each nucleotide (Pharmacia, Uppsala, Sweden).
100 pmol/uL Random hexamers (5’ NNNNN 3') (Pharmacia).
40 U/uL RNasin RNase mhibitor (Promega, Madison, WI)

PCR

10X PCR buffer: 500 mM KCl, 100 mM Tnis-HCI, pH 8 3, 1 0% v/v Triton X-100,
1 5 mM MgCl,.

5 U/ul Taq Polymerase.

10 pmol/uL Primers: sequence of primers used 1n 5' to 3' orientation are shown in
Table 1.

. Analysis of PCR Products

2% Agarose mm 1X TAE buffer (40 mM Trs-acetate, | mM EDTA, 0.0001%
ethidium bromide)

5X Sample loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol FF,
15% Ficoll (type 400 Pharmacia) in 5X TAE
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3. Methods
3.1. Isolation of mRNA

Often it 1s desirable to have a method based on small volumes (as little as
25 uL) of whole blood. Many of the commercially available kits for mRNA
or polyA RNA have such as facility, and provide a rapid method for extraction
of adequate amounts of mRNA for RT-PCR. However, because of the gross
hyperleucocytosis often seen in these leukemias, Ficoll-gradient 1solation of
leukemic blasts can be performed followed by aliquoting to allow for future
experimentation as well as mRNA production. An aliquot of 1 x 105 cells
extracted from blood 1s usually adequate for a panel of RT-PCR experiments.
RNA 1s extracted as previously described (Chapter 3 by Mensink) and as indi-
cated in the following.

1. Spin down 1 x 10 cells 1n an Eppendorf tube for 5 min at 3030g

2. Remove supernatant and put tubes on ice

3. Add to the pellet: 100 pL of guanidinium thiocyanate solution containing 100 pg/
pL yeast tRNA (Boehringer/Mannheim) as a carrier and vortex for 10 sec, 50 uL
of 2M NaAc and mix well, 500 uL of water saturated phenol and mix; and 100 uL
of chloroform/1scamylalcohol (49:1), and vortex well for 10 s

4. Place tubes on 1ce for 10 min.

5 Centrifuge 15 min 14,000g at 4°C

6 Transfer 400 pL of the supernatant to an Eppendorf tube containing 400 pl 1so-
propanol and mix Place at least 1 h at—20°C. Centrifugate 15 min 14,000g at 4°C.

7 Dissolve pellet in 150 pL. GITC solution, add 150 pL 1sopropanol, mix, and place at
least 1 h at—20°C. Centrifugate for 15 min at 14,000g at 4°C and remove supernatant.

8 Wash pellet (twice) with 200 L. 75% ethanol. Centrifuge 1 min at 14,000g and
remove supernatant.

9 Dry pellet 5 min in Speed-Vac.

10. Dissolve RNA in 50 uL. DEPC dH,O by heating 10 min at 65°C. Store RNA

at—70°C.

3.2. Preparation of Complementary DNA (cDNA)

1 Primer annealing Add the following to a 0.5-mL Eppendorf tube. 1 ul random
hexamer, 3 pL mRNA (100 ng—5 ug), and 7 pL sterile distilled water. Place in a
thermal cycler and heat to 70°C for 10 mun followed by a quick chill on 1ce.

2 cDNA generation. Then add to the preceding mixture: 4 pL of reverse transcrip-
tion 5X buffer, 1 uL ANTPs (10 mmol dATP, 10 mmol dCTP, 10 mmol dGTP,
10 mmol dTTP), 1 pL. 0.1M DTT, and 1 ul. RNasin. Equihibrate at room tem-
perature for 2 min, then place 1n a thermal cycler at 37°C for 1 h. Heat to 95°C
for 10 min then place on ice Use 1-2 pL/50 uL PCR reaction, or store at—20°C
for future use. Different versions of reverse transcriptase are available from
other manufacturers, generally utilizing similar reaction protocols to those
described here.
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L 1 2 3 4 5 6 7 8 L

Fig. 2. 2% Agarose gel showing heterogeneity among eight patients with a t(4;11)
regarding sizes of fusion amplification product using MLL exon 5 sense and AF-4
antisense primers. Lanes 1 and 4, (620 bp)-MLL exon 7/8: AF-4 position A; lane 2,
(690 bp)-MLL exon 8/9: AF-4 position B; lanes 3, 5, 6, and 8, (500 bp) MLL exon 7/
8: AF-4 position A; lane 7, (490 bp)-MLL exon 6/7: AF-4 position A. Figures in paren-
theses are predicted band sizes from cDNA data. L = 100 bp ladder (Gibco, Brl).

3.3. Amplification of cDNA

Using a 500 pL plastic tube, place 2 puL of the cDNA generated into 5 pL of
10X PCR reaction buffer together with 1 U of Taq polymerase enzyme, 2.5 uL
of each of the oligonucleotide pairs (see Table 1) and 1 pL of each dNTPs,
making the final volume up to 50 pL with sterile water. Mineral oil is layered
over the reaction mixture and the tubes placed into the thermal cycler. The
cycling program consists of 94°C for 5 min; 55°C for 45 s (72°C for 1 min;
94°C for 30 s; and 55°C for 45 s for a total of 30 cycles). Final extension is at
72°C for 10 min. (Fig. 2).

3.4. Analysis of PCR Products

1. Four microliters of PCR product is mixed with 1 uL of 5X loading buffer.

2. Load the PCR product and buffer into a well of the 2% agarose gel in TAE.
Load an appropriate DNA marker (100 bp, 123 bp, or ®XI DNA markers, Gibco-
BRL) alongside.

3. Electropherese for approx 1 h at a voltage in the region of 100 V.

4. Visualize by placing the gel on a UV light box. Chimeric fusion mRNAs across
the cDNA breakpoint junction may be determined by the presence or absence of
a PCR band of the appropriate size on the agarose gel (see Notes 1-3). These are
listed in Table 2. The breakpoints cluster in the region of exons 5-9 on chromo-
some 11 (see Further Reading at end of chapter).
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Table 2
Expected Sizes of Amplification Products?
Antisense primer Exon § sense Exon 6 sense
AF-4, exon 6/7 break
Breakpoint A 490 290
Breakpoint b 450 250
Breakpomnt C 340 240
AF-4, exon 7/8 break
Breakpomt A 620 420
Breakpomt B 580 380
Breakpomnt C 500 300
AF-4, exon 8/9 break
Breakpoint A 740 540
Breakpoint B 690 490
Breakpomnt C 615 415
AF-9
Exon 6/7 break 310 110
Exon 7/8 break 440 240
Exon 8/9 break 560 360
ENL
Exon 6/7 break 350 150
Exon 7/8 break 480 280
Exon 8/9 break 590 390
AF-X
Exon 6/7 break 510 310
Exon 7/8 break 640 440
Exon 8/9 break 755 555

“Predicted sizes of amplification products from MLL exons 5 and 6 (sense),
to exon 9 (antisense, cDNA control) and the AF-4, AF-9, ENL, and AF-X genes
(antisense) Comparison with band sizes on agarose gels can pipoimnt break-
pownts in mdividual patients (Sizes given are to the nearest 10 bp.) MLL
breakpoint locations 6/7, 7/8, and 8/9 are the most frequent

4. Notes

1.

2

Amplification products mnvolving the t(4;11) may produce two or more bands
owing to alternative splicing of the AF-4 gene

Amplifications should be accompanied with appropriate positive control to ensure
integrity of cDNA (e.g., amplification of exon 5 sense with exon 9 antisense).
Primers for different exons of MLL do not necessarily start at the beginning of
each exon Therefore, amplification sizes differ from those predicted purely from
exon size.
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Polymerase Chain Reaction for Detection
of the t(14;18) Translocation in Lymphomas

Peter W. M. Johnson

1. Introduction

The t(14;18) (q21;q32) translocation was originally identified as occurring
in follicular low-grade non-Hodgkin’s lymphomas of B-cell origin in 1978 (1),
and has been found in up to 85% of cases subsequently (2—4). The transloca-
tion appears to arise at the pre-B-cell stage in the bone marrow when VDJ
recombination usually occurs (3), so that the Bc/-2 gene on chromosome 18 18
connected to the 5' end of one of the six J; segments of the immunoglobulin
heavy chain locus on chromosome 14 (6). The result of this 1s the constitu-
tional upregulation of Bcl-2 expression (7,8), which results in the suppression
of apoptotic cell death among the population carrying the abnormality (9). It is
suggested that this disrupts the normal process by which B-cell clones are
eliminated during affinity maturation in germinal centers (10), thereby giving
rise to an expanded B-lymphocyte pool in which further lymphomagenic events
can supervene.

The Bcl-2 gene has a structure of 3 exons with large introns covering a span
of at least 230 kilobases (7/). The great majority of translocations involve
breakpoints within two cluster regions-——the major breakpoint region (MBR)
(6) lying within the 3' untranslated region of the third exon and the mnor clus-
ter region (MCR) 1n an intronic segment at least 20 kb 3' to this (/2). Both
these translocations leave the open reading frame intact so that the Bc/-2 gene
product is thought to be of normal structure, although there is one report of
mutations detected in cases of lymphoma bearing the t(14;18) (13).

The t(14;18) is shown schematically 1n Fig. 1, with a translocation involv-
ing the MBR region 1n Bel-2 and the Jh4 segment 1n the immunoglobulin
locus illustrated.

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc , Totowa, NJ
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Fig. 1. Representation of the t(14;18).

The clustering of the breakpoints involved in the t(14;18) make this rear-
rangement particularly suitable for detection by PCR in genomic DNA. Prim-
ers have been designed to hybridize to segments on either side of the
translocation in both the 14q+ and 18q— derivatives: For the 14q+ primers to
the 5' section of the MBR or MCR region are used with a primer to the repeti-
tive consensus sequence that lies 3' to each of the six joining segment exons
(Fig. 2) (14-16). For the 18q—primers to the 3' section of the MBR or MCR are
used with a primer containing a heptamer from the sequence flanking
unrearranged diversity segments (17).

Although PCR amplification will not detect the few breakpoints lying out-
side the cluster regions it offers several advantages over the alternative meth-
ods of detection such as Southern blotting, pulsed-field gel electrophoresis, or
classical cytogenetics. In particular, the sensitivity of PCR allows the detection
of very low copy numbers of the translocation, and it permits direct sequence
analysis to be carried out upon the reaction products. This latter is especially
helpful in eliminating false-positive results since the variety of breakpoints
within the clusters, together with the variable insertion of “N” regions or even
fragments of diversity region chromatin (/7) result in a considerable range of
size of amplified PCR products. Individual t(14;18) clones may be distin-
guished to some extent by speed of migration on agarose gels but more specific
still is the analysis of the sequence of nucleotides up to and across the
breakpoints, which is rarely, if ever, the same in two clones (17-19).
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Fig. 2. PCR amplification of the 14q+ MBR breakpoint.

Some doubts have been raised regarding the use of the t(14;18) as a marker
of residual lymphoma. The translocation, as well as being found at lower fre-
quencies in other lymphoid tumors such as large cell lymphoma, immunoblastic
lymphoma (20) and Hodgkin’s disease (2/,22), can also be detected by PCR in
benign hyperplastic tonsils (23,24) and the peripheral circulating B-cells of
normal blood donors (25). It has been shown in addition that patients with
prolonged remissions following treatment of follicular lymphoma may have a
persistently demonstrable presence of the original t(14;18) clone without
developing recurrent disease (26—28). These findings give particular impor-
tance to the use of sequencing from the PCR. This allows patient-specific
sequences to be identified for the analysis of follow-up samples when used to
detect subclinical and submicroscopic disease (79,26), giving some confidence
that what is detected is really the lymphoma-related clone and not either con-
tamination or a translocation de novo.

There is some data to suggest that failure to remove t(14;18) bearing cells
from autologous bone marrow harvests is associated with earlier recurrence
following their use for hemopoietic rescue (29), although this has not been
confirmed in other studies (/9). Despite the uncertainty regarding the presence
of translocation-bearing cells in prolonged remission, the intuitive suggestion
that patients are more likely to remain disease-free if the clone is eliminated
seems to be supported by some data. Patients with PCR-positive bone marrow
during follow-up after myeloablative treatment have earlier recurrences (30),
although the relationship is less clear for peripheral blood (37). The increasing
use of peripheral blood progenitor cells for reconstitution after myeloablative
treatment has led to studies of leukapheresis products by PCR, which has dem-
onstrated the presence of cells bearing the translocation in most cases (32,33).

For detection of the t(14;18) in lymph node biopsies or bone marrows with
evidence of lymphomatous infiltration a single amplification reaction is usu-
ally adequate, but for follow-up specimens in which submicroscopic disease is
sought, a “drop-in” technique followed by nested amplification improves sen-



66 Johnson

MBR or MCR N region Jh region
DNA~ AN AR
—_— f————e

Quter primers: 40 cycles with 'touch down'

QOUTER

PRODUCT RN A
— 4~G Biotin

Inner primers: 30 cycles

b
it SO R T

(biotinylated)

SCLID PHASE

SEQUENCING NN M]]]]]]]]]I]]]]]E]]ﬂ]}ﬂp
Streptavidin
E coated bead

32P-ATP labelled
sequencing primer

Fig. 3. Schematic representation of amplification and sequencing of t(14;18).

sitivity from 1 cell in 10° to between 1 in 10 and 107. The use of a biotinylated
primer for one end of the final amplification allows purification of the product
using streptavidin magnetic beads, which makes direct sequencing much easier
to carry out in the solid phase.

The overall technique is illustrated in Fig. 3.

2. Materials

The great sensitivity of PCR requires stringent control of the laboratory in
order to avoid contamination. This is a particular risk when amplified products
are manipulated for sequencing, but clearly sample preparation is another stage
at which this may prove a problem. The standard recommendations for avoid-
ing false-positive results apply (34).

The crucial measures to emphasize are:
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1 Use of disposable plastics, rather than reusable glassware

2 Preparation of only one biopsy or blood sample at a time.

3 Physical and temporal separation of the processes of DNA extraction, amplifica-
tion, and sequencing.

4 Preparation of stocks of reaction mixtures in advance.

2.1. Tissues for Study

Successful amplification is most readily carried out using proteinase-K
digests of either fresh or fresh-frozen biopsies for phenol/chloroform extraction
of DNA. Paraffin-embedded sections yield less reliable DNA but the fragment size
is usually adequate for PCR provided the material is not over-digested.

Blood samples and bone marrow aspirates should be prepared by density
gradient centrifugation to isolate the mononuclear cell fraction. Thereafter
samples may be digested directly in PCR buffer, or subjected to phenol/chloro-
form extraction. The latter technique risks a loss of material that may aggra-
vate sampling error when small numbers of abnormal cells are present.
Provided red cell contamination is minimized the reliability of amplification 1s
no worse with direct digestion and PCR, which involves fewer steps and hence
fewer opportunities for cross-contamination.

2.2. Solutions

Digestion and PCR buffers should be autoclaved before addition of protein-
ase-K. This is added fresh when samples are prepared.

1 Digestion buffer: 100 mAM NaCl, 10 mM Tris-HCI, pH 8 0, 25 mM EDTA, 0.5%

(v/v) SDS, and proteinase K 0.1 mg/mL for fresh or cryopreserved specimens,

0.5 mg/mL for paraffin-embedded material.

Phenol/chloroform/isoamyl alcohol (25:24:1).

Chloroform/isoamyl alcohol (24.1).

3M sodum acetate, pH 5 2.

Absolute ethanol.

TE buffer: 10 mA/ Tris-HCI, pH 7.5 and 1 mM EDTA (autoclaved)

Phosphate-buffered saline: 0.02M sodium phosphate buffer and 0.127M sodium

chloride, pH 7.4 (autoclaved)

8. PCR buffer: 10 mM Tris-HCI, pH 8.0, 2.5 mM MgCl,, 50 mM KCl, 0 45% (v/v)
Nomdet P-40, 0.45% (v/v) Tween 20 and 0.5 mg/mL proteinase K

2.3.1. PCR Reactions

1. Deoxynucleotide triphosphates (dATP, dCTP, dGTP, dTTP), made as 10 mmol
stock solutions 1n sterile water.

2 Tagq polymerase and 10X reaction buffer; Mineral oil to overlay PCR tubes.

Oligonucleotides: All made up as 20 pmol stock solution 1n sterile water.

4. First stage: outer primers. Sequences are shown 5-3', with the melting tempera-
ture indicated in the right hand column.

NowuswN

w
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Outer Bcl-2 MBR CAGCCTTGAAACATTGATGG 58
Outer Bcl-2 MCR GACTCCTTTACGTGCTGGTACC 68
Jh consensus ACCTGAGGAGACGGTGACC 62
Jh specific J6 TCGGAACATGGTCCAGTCCG 64

J5 TGCAAGCTGAGTCTCCCTAA 60
J4 ACAAACCTCGAGTTAACGGA 58
5. Second stage (Nested PCR): mner primers.
Inner Bcl-2 MBR AGTTGCTTTACGTGGCCTGT 60
Inner Bcl-2 MCR GATGGCTTTGCTGAGAGGTAT 62
Jh nner consensus CAGGGTTCCTTGGCCCCAG 64
2.4. Sequencing
1 Sephadex G-50
2 Streptavidin-coated microbeads (Dynabeads M-280 streptavidin: Dynal, Oslo, Norway).
3. Binding buffer 10 mM Tris-HCI, pH 7.5, 1 mM EDTA and 2.0M NaCl (autoclaved)
4 (1M NaOH
5 TE buffer, pH 8 0 (autoclaved).
6 Commercial sequencing kit

3. Methods

3.1. DNA Preparation

3.1.1. Lymph Node Biopsies

1.

2.

SwVwu L

1

Cut thirty 10-pum secttons and crush n 250 pL digestion buffer in a microfuge
tube.

Incubate with protemnase K: 55°C for 1 h for fresh frozen material, and 37°C for
72 h for paraffin sections.

Mix with an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1) and
centrifuge at 14,000g in a microfuge for 10 min (see Note 1).

Collect the upper aqueous layer and repeat the extraction with the same mixture.
Collect the upper aqueous layer and extract with chloroform/isoamyl alcohol (24-1).
Add 1/10th vol of 3M sodium acetate pH 5.2 and 2 vol ethanol at -20°C.

Spool out the DNA precipitate on a glass rod (see Note 2)

Wash briefly in absolute ethanol

Dry 1n air, then resuspend in 100 uL TE buffer, pH 7 5. Store at 4°C

Measure concentration and purity of DNA by OD,4q and OD,g, (see Note 3)

3.1.2. Blood/Bone Marrow Aspirates

L.

2

Layer onto an equal volume of Ficoll-hypaque 1 077 g/mL (Nycomed, Oslo,
Norway) in a plastic centrifuge tube
Centrifuge at 1000g for 25 min.
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W

Remove the mononuclear cell layer from the interface

Y

10 min.
Wash twice in PBS.

Incubate with proteinase K at S5°C for 1 h

00~ &N L

3.2. PCR Reactions
3.2.1. Biopsy Specimens

Reaction mixture:

Denature by heating to 95°C for 5 min and store at —20°C

69

Add an equal volume of phosphate-buffered saline (PBS). Centrifuge at 800g for

Count cells and resuspend in PCR buffer at a concentration of 5 x 10° cells/mL.

DNA 1 pg for each 50 pL reaction tube.

02 mM dATP, dCTP, dGTP, dTTP 1 pL each

1 mM of each oligonucleotide primer 2 5 pL each
10X reaction buffer 5 uL

Sterile water to final volume of 50 puL

1 U of Taq polymerase added after

mitial denaturation period (see Note 4).

Oligonucleotides:  a. Outer Bel-2 MBR/Jh consensus (biotinylated)

b Outer Bcl-2 MCR/Jh consensus (biotinylated)
Conditions:
Denaturation 94°C 10 min
Denaturation 94°C 45s Two cycles, then reducing anneal-
Annealing 60°C 1 min ing temperature 1°C and repeating
Extension 72°C I min every two cycles until 56°C
Denaturation 94°C 455
Annealing 55°C 1 min 30 cycles
Extension 72°C 2 min
Extension 72°C  5mn

3.2.2. Follow-Up Specimens

Reaction mixture:

First (outer) stage:

DNA in PCR buffer 25 ul

0.2 mM dATP, dCTP, dGTP, dTTP 1 pL each

1 mM of each oligonucleotide primer (see Note 5) 25 plL each
10X reaction buffer 5 uL

Sterile water to final volume of 50 uL
1 U of Taq polymerase added after initial
denaturation period
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Second (1nner) stage*
5 uL of outer stage product

02 mM dATP, dCTP, dGTP, dTTP 1 yuL each
1 uM of each oligonucleotide primer 2.5 uL each
10X reaction buffer SuL

Sterile water to final volume of 50 pL
1 U of Taq polymerase added after initial
denaturation pertod

Oligonucleotides

First stage:
Outer MBR or MCR Bcl-2 according to breakpoint previously 1dentified
Jh primer according to breakpoint identified on sequencing (usually J4,
15, or 16)
If no sequence data available use Jh consensus (see Note 6)

Second stage
Inner MBR or MCR Bcl-2 according to known breakpoint
Jh inner consensus (biotinylated)

Conditions

Outer stage: as for biopsy specimens described (Section32 1)

Inner stage

Denaturation 94°C 10 min

Denaturation 94°C 45 s

Annealing 57°C 1 min 30 cycles
Extension 72°C 2 min

Extension 72°C 3 min

All PCR products are run out on 2% agarose gels and visualized by ethidium
bromide staining and UV light (see Note 7). The degree of sensitivity may be
increased further by blotting and probing with internal ohgonucleotides, although
in general positive results are visible without this being necessary

3.3. Solid-Phase Sequencing

1

Nous WL

Add PCR products to a Sephadex G-50 column and wash through with 50 uL. TE
buffer, pH 8.0 (see Note 8).

Add 40 L of dynabeads at a concentration of 3 x 108/mL in binding buffer
Allow to bind for 10 min at room temperature.

Pull down beads on magnet, remove supernatant, and discard.

Wash beads n 50 ul. bimding buffer. Pull down on magnet again and discard supernatant
Resuspend beads in 10 ul. 0 1M NaOH for denaturation at room temperature for 10 mun
Pull down beads on magnet and discard supernatant. Wash once in 50 uL 0.1M
NaOH, once 1n 50 pL binding buffer and once in 50 uL TE pH 8 0.
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8.
9.

10

Resuspend beads in sterile water according to volume required for sequencing
Carry out sequencing reactions according to kit manufacturer’s protocol, using
inner Bcl-2 oligonucleotide as the sequencing primer.

Following termination step and addition of loading dye draw down beads on
magnet and load sequencing gel with supernatant.

4. Notes

1

Following the first phenol/chloroform/isoamyl alcohol extraction there 1s often a
viscous white layer between the aqueous and nonaqueous phases. This should
not be drawn up. If pipeting 1s difficult owing to high viscosity the addition of
further digestion buffer (without proteinase K) will dilute out the aqueous phase
If plastic pipet tips are used the excision of the narrow end wath a sterile scalpel
may also make it easier to draw up the viscous fluid

If the DNA precipitate 1s not readily visible following sodium acetate/ethanol
precipitation leave the mixture at —20°C overnight before centrifuging down at
10,000g The precipitate 1s then washed in absolute ethanol before vacuum dry-
mng and resuspension in TE buffer.

Spectrophotometric determination of the amount of DNA 1s made by taking a
reading at 260 nm An optical density (OD) of 1 corresponds to 50 pg/mL A
further reading is taken at 280 nm and the ratio of the two readings (OD,4,/OD,g)
provides an estimate of the purity. A ratio above 1 8 denotes a good purity If
there is contamination with protein or phenol the ratio will fall below this value
Tag polymerase is usually supphed with 10X reaction buffer. The concentration
of magnesium may require titration to optimize the reaction. The composition of
the “PCR buffer” given was determined for a particular make of Tag (Promega)
It may requure alteration according to different manufacturers’ recommendations
Oligonucleotide concentrations do not generally require titration with the “drop-
n” technique.

The Jh consensus primer is adequate for amplification when relatively high copy
numbers are present. However for samples containing rare translocation-bearing
cells a 600 basepair artifact occurs that reduces amplification efficiency. For this
reason a Jh primer specific to the patient’s translocation is recommended for the
first stage of amplification 1n follow-up specimens. The great majority of translo-
cations occur in J4, J5, or J6.

MBR rearrangements give products of between 50200 basepairs in length. MCR
rearrangements give products of 500-600 basepairs Using the Jh consensus
primer may sometimes allow priming off a further segment, resulting 1n a second
band of product 600 basepairs larger.

Sephadex G-50 columns are prepared by plugging the ttp of a 1-mL syringe with
sterile polymer wool and filling the syringe with a concentrated slurry of Sephadex
made up n TE buffer. Suspend the syringe in a sterile centrifuge tube and spin at
800g for 3 min. Discard the centrifuge tube and place the syringe in a clean one. Add
the PCR product to the top of the column with 50 uL. of TE buffer and spin down
again at 800g for 3 min. Collect the eluted product from the bottom of the tube.
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NPM-ALK Reverse Transcriptase-Polymerase
Chain Reaction Analysis for Detection

of the t(2;5) Translocation

of Non-Hodgkin’s Lymphoma

Sheila A. Shurtleff, James R. Downing,
and Stephan W. Morris

1. Introduction

The diagnosis and classification of non-Hodgkin’s lymphoma (NHL) has
traditionally been made based on morphologic and immunophenotypic crite-
ria. Unfortunately, because of the diverse nature of this group of diseases, reh-
ance solely on these criteria has frequently resulted in misdiagnosis. In addition,
mvestigators have been limited 1n their ability to define biologically and clini-
cally relevant non-Hodgkin’s lymphoma subgroups using this diagnostic
approach. The development of modern molecular biological techniques and
their use to characterize the genetic abnormalities that are of pathogenic sig-
nificance in NHL now provides an additional means to identify and to ratio-
nally subcategorize these neoplasms. The shortcomings of traditional methods
of NHL diagnosis and classification have been especially evident within the
morphological subset commonly referred to as the large-cell lymphomas,
which comprise approx 25 and 40% of NHL m children and adults, respec-
tively (7). The marked cytological, immunological, and clinical heterogeneity
of this group of tumors suggests that it is comprised of several biologically
different neoplasms. However, morphological and immunophenotypic subclas-
sification of the large-cell lymphomas has failed to 1dentify a subset of tumors
having a reproducibly different therapeutic response or patient survival rate.
Until recently, recurrent genetic abnormalities characteristic of the large-cell
lymphomas had not been 1dentified. However, the characterization during the
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past 2 yr of chromosomal rearrangements involving the BCL6/LAZ3 zinc fin-
ger gene located at 3q27 (which is altered 1n approx 30% of these tumors /2, 3]),
and the cloning by our group (4) of the NPM-ALK fusion gene produced by the
t(2;5) may now permut the identification of molecular genetic subtypes of large-
cell lymphoma that possess unique biological and/or clinical features

The t(2;5)(p23;q35) was originally identified as a recurrent cytogenetic
abnormality in cases of anaplastic large-cell lymphoma (ALCL) that express
the Ki-1 (CD30) antigen, a cytokine receptor for a ligand related to the tumor
necrosis factor family (5). Because of their anaplastic features, these tumors,
which are primarily of T-cell lineage (75%), are frequently misdiagnosed as
other condittons including Hodgkin’s disease, malignant histiocytosis, mycosis
fungoides, poorly differentiated carcinoma metastatic to lymph nodes, or even
viral infections. Clintcally, Ki-1+ lymphomas/ALCL are aggressive tumors that
produce frequent extranodal disease involving skin, bone, soft tissue, gas-
trointestinal tract, and/or lung and that exhibit a bimodal age distribution simi-
lar to that observed 1n Hodgkin’s disease (6). Despute the historical association
of the t(2;5) with Ki-1+ lymphomas/ALCL, molecular studies performed using
the reverse transcriptase-polymerase chain reaction (RT-PCR) methods
described here indicate that the translocation also occurs in a significant frac-
tron of large-cell lymphomas with immunoblastic or diffuse morphology (7)
Moreover, only slightly more than half of the cases with anaplastic morphol-
ogy and slightly less than two-thirds of the Ki-1+ cases analyzed in these stud-
1es contained the t(2;5). Thus, this molecular genetic subtype of NHL occurs 1n
all morphologic types of large-cell lymphoma and 1s present independent of
Ki-1 antigen status. Overall, based upon the clinical cytogenetic literature,
approx 25% of large-cell lymphomas (or about 10% of all NHL) contain the
t(2;5). Confirmation of this frequency of occurrence, as well as the determina-
tion of whether this molecularly-defined subtype of lymphoma constitutes a
distinct subtype prognostically and/or therapeutically, presently await the
analysis of large, unselected NHL treatment groups.

Using a positional cloning approach, we recently cloned the t(2;5), demon-
strating it to involve the genes encoding nucleophosmin (NPM), a nucleolar
phosphoprotein on chromosome 5, and a novel receptor tyrosine kinase, ana-
plastic lymphoma kinase (4LK), on chromosome 2 (4). The translocation
results in a chimeric NPM-ALK fusion gene and transcript that 1s encoded on
the der(5) chromosome, and produces a fusion protein consisting of the amino-
terminal portion of NPM fused in-frame to the kinase domain of ALK (see Fig. 1).
NPM 15 a highly conserved (ubiquitously expressed) 38-kDa nonribosomal
RNA-binding protein that shuttles ribosomal ribonucleoproteins between the
nucleolus and the cytoplasm and is involved in the late stages of preribosomal
particle assembly (8,9). ALK is a member of the insulin receptor subfamily,
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Fig. 1. Schematic representation of the proteins encoded by the normal NPM and
ALK genes and by the NPM-ALK fusion gene derived from the derivative 5 chromo-
some that is produced by the t(2;5). NPM is a ubiquitously expressed nucleolar phos-
phoprotein that normally functions as a shuttle protein for ribonucleoproteins from the
nucleolus to the ribosomes in the cytoplasm (8). The metal binding (MB), acidic amino
acid clusters (AC), and nuclear localization signals (N) of NPM are indicated (9). ALK
is a newly described receptor tyrosine kinase of the insulin receptor subfamily (4). The
presumed ligand-binding, transmembrane (TM), and intracytoplasmic kinase catalytic
domains of ALK are shown. The positions at which the fusion junctions occur in the
t(2;5) translocation are indicated by arrows. The der(5)-derived NPM-ALK chimeric
gene produces a 75-kDa product consisting of the amino-terminal portion of NPM
fused to the cytoplasmic domain of ALK. The approximate position of the oligonucle-
otide primers and probes used for RT-PCR analysis of the t(2;5) are indicated.

having greatest homology to leukocyte tyrosine kinase (LTK) (4). The ligand(s)
that bind ALK and the normal functions of this receptor tyrosine kinase are
presently unknown. As a result of the t(2;5), transcription of the portion of the
ALK gene encoding its kinase domain is driven by the strong NPM gene pro-
moter, leading to its inappropriate expression in lymphoid cells (in which ALK
is usually transcriptionally silent). Furthermore, as a result of its fusion with
NPM, the ALK kinase domain is constitutively activated and is relocalized from
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1ts normal position at the outer cellular membrane to within both the cytoplasm
and nucleus of lymphoma cells; the oncogenic ability of the chimeric NPM-
ALK protein can be readily demonstrated by 1n vitro transformation assays
using immortalized rodent fibroblast lines such as NIH-3T3 (S.W. Morris,
unpublished observations).

Our characterization of the t(2,5) has permitted the development of an
RT-PCR assay using primers derived from NPM and 4LK sequences bracket-
ing the NPM-ALK fusion junction that allows rapid and sensitive detection of
the translocation in clinical material. We have used this assay to successfully
detect NPM-ALK transcripts in 28 of 29 cases of NHL known to contain the
t(2;5) by cytogenetic analysis and in 10 of 48 cases that either lacked this cyto-
genetic abnormality or had unsuccessful cytogenetics (4,7). Thus, the RT-PCR
assay described here should permut the detection of the t(2;5)-derived NPM-
ALK fusion gene 1n the vast majority of cases containing this translocation

A brief mention regarding the use of the RT-PCR assay described here 1n
the analysis of suspected Hodgkin’s disease is warranted. An area of contro-
versy that has existed for some time has been the biological relationship
between Ki-1+ lymphoma/ALCL and Hodgkin’s disease (/0). Although a
morphologic distinction can be made 1n most situations, there exist cases n
which the pathologic distinction is 1ll-defined. Moreover, so-called “secondary
ALCL” has been noted to develop either simultaneously with or subsequent to
Hodgkin’s disease. In addition, both ALCL and the malignant Reed-Sternberg
cells of Hodgkin’s disease strongly express the Ki-1 antigen. Thus, whether
these two lymphomas represent morphologic variants of a single biologic dis-
ease or constitute separate entities has been and remains a point of controversy
In light of the uncertain relationship between these neoplasms, the develop-
ment of a sensitive RT-PCR assay for detection of the t(2:5) has prompted a
number of groups to examine Hodgkin’s disease cases for the presence of the
translocation. To date, in four independent studies (summarized 1n refs. 7/
and 12), 129 Hodgkin’s disease patients with tumors of all histological sub-
types have been analyzed and found to lack evidence of the t(2;5). By con-
trast, a single small study has reported RT-PCR detection of the t(2;5) in 11
of 13 patients with Hodgkin’s disease (/3). The reason for the striking differ-
ence between these studies 1s presently unclear, and resolution of this issue
will require the analysis of additional patients. However, given that the great
majority of patients analyzed in studies to date have been found to be t(2;5)-
negative, combined with the fact that the translocation has never been
observed in cytogenetic studies of Hodgkin’s disease (14,15), it is most likely
that the t(2;5) 1s rarely, if ever, found in Hodgkin’s disease and that RT-PCR
analysis will be useful in distinguishing Ki-1+ non-Hodgkin’s lymphoma from
Hodgkm’s disease.
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2. Solutions and Materials
2.1. RNA Extraction

There are a number of methods that can be used for RNA extraction. We are
currently using Purescript RNA 1isolation kits from Gentra Systems (Research
Triangle Park, NC). If appropriate kits are unavailable, the procedure outhined
here works well. It uses a lysing solution containing guanidinium thiocyanate
to inactivate RNases, followed by a number of extractions (76). This method
gives a reasonable yield (1020 ng) of RNA that is relatively free from con-
taminating DNA from 1 x 107 starting cells. Any other method of extraction
that gives comparable quality RNA can be used.

2.1 1. Solutions Required for RNA Extraction

1 Diethylpyrocarbonate (DEPC)-treated water: Add 200 uL of DEPC (Sigma, St.
Louis, MO) to 1 L of water. Shake well, then loosen cap and incubate for 2-8 h at
37°C. Autoclave, then shake again to remove DEPC breakdown products
2 10% Sarcosine: Add 250 mL of DEPC-treated water to 25 g of N-lauroyl
sarcosine (Sigma), filter through a 0 45-p sterile filter system, and store at
room temperature
3. 0.75M Citric acid. Add 400 mL of DEPC-treated H,O to 78 75 g of citric acid
(Sigma), then bring volume up to 500 mL
4. 0.75M Sodwum citrate, pH 7.0: Add 400 mL of DEPC-treated H,O to 110 g of
sodum citrate (Sigma), pH to 7 0 with 0.75M citric acid, then make up to 500 mL
5 Denaturing solution: 4M guamidinium thiocyanate, 25 mM sodum citrate, pH
7.0, 0.5% sarcosine. Add 117 2 mL of DEPC-treated water to a 100-g bottle of
guanidimum thiocyanate (Fluka Chemicals, Ron Konkoma, NY), then add
10.5 mL of 10% sarcosine, 7 04 mL of 0.75M sodium citrate, pH 7.0, swirl con-
tainer to mix, and heat at 65°C to aid in dissolution 1f necessary.
6. Solution “D”. Add 360 pL of B-mercaptoethanol (Sigma) to 50 mL of denaturing
solution. This solution should be aliquoted and can be stored for 1 mo at room
temperature.
7 Phenol (water-saturated), pH 6.6 (Amresco, Solon, OH). Store at 4°C
8. Chloroform (Fisher, Pittsburgh, PA): Store at room temperature 1n a dark bottle.
9. Isoamyl alcohol (Sigma): Store at room temperature.
0. Chloroform/1soamyl alcohol: Add 4 mL of isoamy! alcohol to 96 mL of chloro-
form. Store at room temperature in a dark bottle.
11. Isopropanol (Fisher): Store at room temperature.
12. 75% Ethanol: Add 25 mL of DEPC-treated water to 75 mL of absolute ethanol
(Aaper, Shelbyville, KY).

13. Glacial acetic acid (Fisher): Store at room temperature.

14 2M Sodium acetate (NaOAc, Fisher), pH 4 0 Add 15 mL of DEPC-treated water
to 136 g of sodium acetate, add glacial acetic acid until pH 1s 4.0, then make up to
500 mL. Store at room temperature.

15. RNasin (Promega, Madison, WI); 40 U/mL. Store at 20°C
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2.1.2. Materials Required for RNA Extraction

Labconco RNA 1solation hood (optional). Model 5102 (Labconco, Kansas City, MO)
Pipetors P1000, P200, P20 (Rainin, Woburn, MA)

1.7 mL siliconized microfuge tubes (PGC Scientific, Frederick, MD)
SpeedVac (Savant, Farmingdale, NY).

Water bath (Fisher), set at 37°C

Eppendorf microfuge (Brinkman Instruments, Westbury, NY).

2.2. RT-PCR of the t(2,5)
2.2.1. Solutions for RT-PCR of the 1(2,5)

1 Oligonucleotides (required for primer extension)

(2;5)5'A, 5-GCTTTGAAATAACACCACCAG-3', 5' ohigo for t(2,5)

(2,5)3'A, 5-TAGTTGGGGTTGTAGTCGGT-3', 3' oligo for t(2,5)

(2,5)5'B, 5'-CCAGTGGTCTTAAGGTTG-3', 5' nesting ohgo for t(2,5).

(2,5)3'B, 5'-TACTCAGGGCTCTGCAGC-3', 3' nesting oligo for t(2,5)

(2;5)5'A, same as above, 5' oligo for NPM control.

NPM3'A, 5'-CAGACCGCTTTCCAGATATAC-3', 3' oligo for NPM control

(2,5)-P, 5'-AGCACTTAGTAGTGTACCGCCGGA-3', probe for t(2;5).

NPM-P, 5'-GTGCTGTCCACTAATATGCAC-3', probe for NPM control.
Primers (2;5)5'A and (2;5)3'A are used to amplify the t(2,5)-derived NPM-ALK
fusion gene transcripts and generate a 177-bp product Primers (2;5)5'A and NPM
3'A are used as a positive control to detect NPM gene transcripts, which are ubig-
uitously expressed at high levels, 1n order to check the quality of the RNA This
primer pair generates a 185-bp NPM PCR product Primers (2;5)5'B and (2,5)3'B
are nesting oligos that can be used to further amplify the t(2,5) PCR fusion prod-
uct for increased sensitivity of detection, 1f necessary. This primer pair generates
a 123-bp NPM-ALK product. Probe (2;5)-P is a junction specific probe to detect
the NPM-ALK fusion product Probe NPM-P 1s used to detect the control NPM
PCR product. Store at —20°C

2. DMSO (dimethyl sulfoxide, Sigma): See Note 1-—Stored at room temperature.

3. dNTPs (deoxynucleotide triphosphates, Perkin-Elmer Cetus, Norwalk, CT) A
stock dNTP solution is made which 1s 1.25 mM with respect to each dNTP for
both cDNA production and PCR amplification. Store at —70°C

4. DTT (dithuothreitol, Gibco, Grand Island, NY). See Note 2—The stock solution
18 0.1M and 1s stored at —70°C

5 DEPC-treated H,O (See Section 2.1.1.)

6. PCR buffer: 10X by Perkin-Elmer Cetus (100 mM Tris-HCl, pH 8.3, 500 mM
KCl, 15 mM MgC1,, 0.01% gelatin); 5X buffer by Invitrogen (San Diego, CA);
300 mM Tris-HCI, pH 9.0, 75 mM (NH,),80,, 10 mM MgCl,. Both buffers are
stored at —70°C

7. Reverse transcriptase (RT) Stock is Moloney Murine Leukemia Virus RT (Life
Technologies, Grand Island, NY) at a concentration of 200 U/uL. Store at —20°C.

8. RNasin. See Note 3—Stock 1s 40 U/uL (Promega). Store at —20°C

9. Taq DNA polymerase: Stock 1s 5 U/pL (Perkin-Elmer Cetus). Store at —20°C
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2.2.2. Materials for RT-PCR of the t(2;5)

9.
10.

Thermocycler (Perkin-Elmer Cetus 9600 or 480).
Eppendorf microcentrifuge.

37°C Water bath.

95°C Heating block (Equatherm, Melrose Park, IL)
Sterile hood (optional but desirable) (Baker, Sanford, ME)
Gloves

Microfuge tubes——siliconized

Acrosol resistant barrier pipet tips (ART tips, Molecular Bioproducts, San
Diego, CA).

Pipetors.

Ice trays.

2.3. Solutions and Materials for Gel Electrophoresis
and Southern Analysis

I.

N

8.

9.
10.
1.
12.
13.
14.

N R W

10X Tris borate electrophoresis buffer (TBE)' 108 g Tris base, 55 g boric acid,
and 40 mL of 0 5M EDTA Made up to 1 L and autoclaved Store at room
temperature.

6X loading buffer: 0.25% xylene cyanol, 0.25% bromophenol blue, and 30%
glycerol

Ethidium bromide: Stock 10 mg/mL, final concentration 10 pg/mL mn 1X TBE.
Agarose.

Nylon or nitrocellulose hybridization membranes.

20X SSC stock solution: 3M sodium chloride, 1M sodium citrate.

20% SDS stock solution. 20 g of SDS in 100 mL of water Wear a mask when
making this up and gently heat to dissolve, but do not boil.

(2;5)-P oligonucleotide primer (1 pdf stock)

Paper towels.

10X T4 end-labeling buffer (manufacturer’s specification).

T4 polynucleotide kinase (10 U/reaction).

¥32P dATP (specific activity >3000 Ci/mmol).

Distilled water.

X-ray film.

3. Methods
3.1. RNA Extraction
3.1.1. General Considerations

Since RNA is easily degraded, extreme care should be taken when handling
samples (see Notes 4 and 5). Ideally, RNA should be extracted 1n an area dedi-
cated solely for that purpose and away from areas used for cloning and DNA
work (see Note 6). Gloves should be worn at all times and work areas and
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instruments decontaminated with bleach or ultra violet irradiation. All solu-
tions, with the exception of Tris, should be treated with the RNase nhibitor
DEPC. Solutions are treated 2—8 h with 0.1% DEPC at 37°C, followed by
autoclaving as described 1n Section 2.1.1. Tris solutions should be made with
DEPC-autoclaved water. Sterile disposable plasticware should be used when-
ever possible; all glassware used should be DEPC-treated.

Stock reagents required for RNA extraction should be prepared in volumes
small enough to use completely within a relatively short period (1-2 mo) since
reagents such as phenol, “solution D,” and chloroform have a limited shelf life.
It 1s also desirable to limit the number of times one enters the same reagent
bottle to decrease the possibility of sample crosscontamination. Owing to the
extreme sensitivity of RT-PCR (allowing the detection of one abnormal cell in
100,000 cells 1n the case of the assay described here), 1t 1s necessary to take
every precaution to reduce the risk of crosscontamination of samples. With
this goal in mind, oligos and reagents used for either the reverse transcription
(RT) reaction or the PCR should be aliquoted to single run volumes so that a
vial 1s thawed, used, and then discarded. Separate sets of pipetors should be
dedicated for RNA extraction, RT-PCR amplification, and postamplification
analysis. The lab should have dedicated areas, or 1deally separate rooms, des-
ignated for RNA extraction, RT-PCR amplification, and postamplification
analysis. Large RNA extractions from positive or negative control samples
should be done 1n a separate area away from patient RNA extractions. Under
no circumstances should PCR product be brought back into the area where
RT-PCR is set up.

3 1.2, Specific Procedures

1 Aliquot 400 puL of Solution “D” mto 1.7-mL microfuge tubes, add 2 ug of glyco-
gen and label tubes with pertinent information (pattent name, ID number, date,
and so on). In addition to the patient samples, one tube 18 needed for a negative
extraction control (no cells added to this tube), one tube for a negative cell line
control (e.g., HL-60) (17), and one tube for a positive cell line control (a t[2;5]-
positive lymphoma cell line such as SU-DHL-1) (18)

To each tube add 1-2 x 107cells

Quick spin for 1 s at 2000g 1n a microcentrifuge.

Add 40 uL of 2M NaOAc to each sample Close lid and flick to mix

Add 400 pL of water-saturated phenol to each tube. Close Iid and flick to mix
Add 82 pL chloroform/isoamyl alcohol (24:1) to each tube

Vortex each tube for 10 s, then place on ice for 15 min.

Centrifuge all samples at 16,000g for 20 min at 4°C.

Transfer the top aqueous phase to a new 1 7-mL microfuge tube and place on ice.
(Be careful not to remove any of the organic phase or white interface.)
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10.
It

12

13,

14.
15.
16.
17.
18.
19.

20

21

22

23

24.

25,
26.
27.
28.

Add an equal volume of 1sopropanol to the aqueous layer of each sample.
Vortex each sample for 5 s, and place on dry ice for 30 min (or at —70°C overmght).
Centrifuge samples at 16,000g for 15 min at 4°C

Remove the supernatant from each sample, taking care not to disturb the small
white RNA pellet on the bottom and side wall of the tube.

SpeedVac each sample until dry.

Resuspend pellets n 300 of Solution “D,” making sure pellet is completely dissolved.
Add 300 pL of 1sopropanol to each sample.

Vortex each sample for 5 s, then quick spin by microfuging at 2000g for 1-2 s.
Place each sample on dry ice for 30 min (or overmight at -70°C).

Centrifuge each sample at 16,000g for 10 min at 4°C.

Remove the supernatant from each sample, taking care not to disturb the small
white RNA pellet on the bottom side wall.

Add 500 uL of chilled 75% ethanol to each sample.

Vortex each sample until pellet is dislodged from the bottom of the microfuge tube
Centrifuge each sample at 16,000g for 10 min at 4°C

Carefully remove the supernatant from each sample without disturbing the
RNA pellet

Speed vac each sample for 10 min (pellets should appear dry).

Resuspend pellets 1n 10 uL DEPC-water and add 1 pL RNasin.

Vortex each sample several times to dissolve RNA, then quick spin

Store samples frozen at —70°C

3.2. RT-PCR
3.2.1. Controls

Each RT-RCR will typically include the reverse transcription and amplhifi-

cation of RNA extractions from several patients and controls. As mentioned in
the RNA extraction procedure, several negative and positive controls are used,
which 1include the following:

1.

A negative RNA control. This s a tube that had no cells added prior to the extrac-
tion that 1s used to ensure that all of the RNA extraction solutions are free of
contaminating nucleic acids.

An HL-60 (or comparable cell line) negative RNA control. A cell line, such as
HL-60, that does not contain the t(2;5) translocation, should also be included as a
negative control (17). RT-PCR of RNA from such a cell line should be positive
for the control product (from the normal NPM gene) but negative for the t(2;5)
NPM-ALK fusion product If this sample 1s positive for the t(2;5), it indicates that
contamination occurred during the run and makes all other results uninterpretable.
A positive SU-DHL-1 RNA control. The SU-DHL-1 lymphoma cell line con-
tains the t(2;5) (18). Therefore, RT-PCR of RNA from this cell line should be
positive for both the NPM control and the t(2;5)-derived NPM-ALK product. If
no NPM-ALK signal 1s present, 1t indicates that a reagent used, often an ohigo,
was not good and renders all other results uninterpretable. Again, owing to the
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extreme sensitivity of RT-PCR, a number of precautions should be taken to elimi-
nate possible sources of contamination. All stocks of reagents, with the possible
exception of enzymes, should be 1n single-run aliquots. The RT-PCR must be set
up 1n a hood, 1 a separate room or area, which can be ultra-violet light sterilized
between runs Disposable 1solation gowns and gloves should be worn during
RT-PCR and all reagents needed should be brought on wet or dry 1ce so that once
the RT-PCR run 1s started, it is not necessary to leave the hood area until the
samples are ready to go 1nto the thermocycler. If 1t becomes necessary to leave, a
new pair of gloves and gown should be put on upon re-entry.

3.2.2. RT Reaction

Each RT run should include separate tubes for each patient sample, a “No
RNA” negattve control, a negative control cell line RNA, and a positive cell
line RNA. RT 1s done 1n a 20-pL total volume. If possible, all of the following
steps should be done 1n a sterile hood.

1.

2

Label two 1 7-mL centrifuge tubes, one for the t(2,5) and one for the NPM control.
Add the following amounts of each reagent to the tubes for each sample and
control to be analyzed:

Final conc.

RT Mixes (in 20 pL)
10X PCR buffer 2 pl/reaction 1X
(Perkin-Elmer Cetus)
dNTPs (1.25 mM stock) 2 ul/reaction 0.125 mM
DTT (0. 1M stock) 2 uL/reaction 10 mM
oligo (2;5)3'A for 0.5 pmol/uL

t(2;5) mix or oligo

NPM 3'A for NPM control

(use 10 pmol of the

appropriate oligo per run)
RNasin (40 U/uL) 0.5uL/reaction 1 U/ul
Reverse transcriptase 1 pl/reaction 10 U/ul

(200 U/uL)
DEPC-treated water Make up to

9 uL/reaction

Label 0.5-mL microfuge tubes, two for each patient and controls. Aliquot patient
and control RNAs (0 5—-1 uL of total RNA from each sample) into appropriate
tubes and make up to 11 pl. Heat at 95°C for 5 min. (Remember to set up for two
PCR runs: one for the t(2;5) and one for the NPM control.)

Quick spin samples 1n microcentrifuge, then set on ice.

. Add 9 L of either the t(2;5) or NPM-RT mix (Section 3.2.2, step 2) to each

RNA tube (see Note 7)
Incubate 1in a 37°C water bath for 1 h.
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3.2.3. PCR Reaction

While the RNA is being reverse transcribed, the PCR oligo mixes can be set
up. Alternately, the PCR oligo mixes can be made at the same time as the RT
muxes with the exception of the Tag polymerase enzyme, which should be added
just prior to use. PCR mixes are made up in a total volume of 80 pL/reaction;
this volume is added to each 20 uL vol of cDNA following RT.

1. Make up.
Oligo mix for t(2,5) Final concentration

Oligos (2,5)5'A and (2,5)3'A  0.075 pygof each  0.10-0 15 uM
per reaction

5X Buffer (pH 9 0) 16 uL/reaction 1X
(Invitrogen)
DMSO 5 ul/reaction 5%
Tag polymerase (5 U/uL) 0.5 pL/reaction 0025 U/uL
DEPC-H,0 Make up to
80 ul/reaction
Oligo mix for NPM controls Final concentration
Oligos (2;5)5'A and 0.075 pg of each  0.10-0.15 uM
NPM 3'A per reaction
10X Buffer 8 upL/reaction 1X

(Perkin-Elmer Cetus)
Taq polymerase (5 U/uL) 0.5 pL/reaction  0.025 U/uL
DEPC-H,0 Make up to
80 pL/reaction

2. If the NPM-ALK fusion product is barely detectable or absent, a nesting PCR
reaction can be run using 5% of the reaction mix from the first run. This starting
volume 1s brought up to 20 uL, then 80 pL of the nesting oligo mix is added

Nesting oligo mix Final concentration

Oligos (2;5)5'B and (2;5)3'B  0.075 pgof each  0.10-0.15 uM
per reaction

dNTPs (1.25 mM stock) 2 pL/reaction 25w
10X Buffer 8 uL/reaction 1X
(Perkin-Elmer Cetus)
DMSO 5 pL/reaction 5%
Taq polymerase (5 U/uL) 0.5 pL/reaction  0.025 U/uL
DEPC-H,O Make up to
80 pL/reaction

3. Samples are overlaid with one drop of mineral oil unless the run is done in a
Perkin-Elmer Cetus 9600 PCR machine, in which case oil 1s not needed. A 62°C
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annealing temperature should be used regardless of which thermocycler 1s used
Two examples of programs for two different machines are given below
Bios Thermocycler (Bios Corporation, New Haven, CT)

Cycle/step  Temperature Time

1/1 94°C 1 min

1/2 62°C 2 min (repeat 34 times)
1/3 72°C 3 mun

2/1 72°C 7 min (repeat once)

9600 Thermocycler (Perkin-Elmer Cetus):

Cycle/step  Temperature Time

1/1 94°C 10s

1/2 62°C I min (repeat 34 times)
1/3 72°C 2min, 15s

211 72°C 7 mun (repeat once)

3.3. Gel Electrophoresis and Southern Analysis
Following the completion of PCR:

1 Remove 20 uL from each reaction, transferred to a new tube (if o1l was used, be
sure to wipe off the tip).

Add loading dye

Run each sample on a 1 2% agarose TBE gel at 80 V with appropriate size markers
Southern transfer the gel onto a nitrocellulose or nylon membrane (see Note 8)
Hybridize with the NPM-ALK junction specific probe, (2;5)-P, which has been
end-labeled with 32P using polynucleotide kinase

Wash the blots at room temperature for 30 min 1n 2X SSC, 0 1% SDS, then for 30
min at 50°C also in 2X SSC, 0 1% SDS

7. Autoradiograph and develop after 4 h of exposure (see Notes 9—12)

=)

4. Notes

1 DMSO reduces secondary structure of the template that can interfere with exten-
sion by polymerase

2. DTT is required for stabilization of some enzymes.

RNasin is an RNase inhibitor.

4. One key to successful RT-PCR 1s the quality of the starting RNA. Since RNA 1s
easily degraded once 1t 1s in solution, RT-PCR is best performed on samples
recently extracted.

5. Owing to degradation of RNA during tissue fixation and processing, it may be
difficult to get good RNA from samples that have been formalin-fixed and paraf-
fin-embedded (19)

w
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6 As with any PCR procedure, contamination 1s always possible As mentioned
before, single-run aliquots of reagents should be used along with dedicated
pipetors A separate set of pipetors should be used for nesting reactions

7. Random hexamer primers (Pharmacia, Piscataway, NJ) may be used at a final
concentration of 5 pmol/ul for the RT reaction nstead of the (2,5)3'A and
NPM3'A oligo primers, 1f desired, with good result

8. Although the bands should be visible with ethidium bromide staining, 1t 1s impor-
tant to do a Southern transfer of the gel onto a mitrocellulose or nylon membrane,
then hybridize with the NPM-ALK junction specific probe n order to defimtively
establish the identity of the PCR products.

9. Signals should be of sufficient intensity to give a good autoradiograph following
4 h of exposure, although an overnight exposure 1s sometimes required

10 If no signals are seen following PCR, the following steps should be taken
a. Ifnobands are present in the NPM controls, the RNA may not be clean enough

to amplify To clean, extract with phenol/chloroform/isoamyl alcohol, fol-
lowed by extraction with chloroform/isoamyl alcohol, then precipitate the
aqueous phase in NaOAc and ethanol.

b. A second explanation for the lack of visible bands on an ethidium-stained
gel 1s that one or more reagents are not good. RT and PCR reagents that are
freeze-thawed multiple times (which shouldn’t occur with single use
aliquots), or that are stored in a freezer that doesn’t keep constant temperature,
may go bad.

11. If the bands seen are weak, or many additional bands are seen, 1t may be neces-
sary to optimize the PCR conditions for your own use Key factors for amphfica-
tion by PCR appear to be. pH of the buffer; Mg?*, dNTP, primer, and Tag
polymerase concentrations; presence or absence of a cosolvent such as DMSO,
and the cycling parameters.

12 If the bands on the gel look good, but there is no signal in Southern hybridiza-
tions, check the specific activities of the probes being used A band of altered
size may be seen in the occasional cases of t(2;5)-positive NHL that possess vari-
ant NPM-ALK fusion junctions (1n our studies to date, one of 31 analyzed cases)
(4,7). The NPM-ALK product generated from these samples will not hybridize to
oligo (2,5)-P, which 1s homologous to NPM and ALK sequences present at the
usual fusion junction Such variant fusions may be detectable in hybridizations
using one of the two nesting oligos as probes, depending on the location of the
fusion junctions in NPM and ALK.
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Molecular Diagnosis of the 5q Deletion
in Malignant Myeloid Disorders

Jackie Boultwood

1. Introduction

The 5q- chromosome is found in a spectrum of malignant myeloid disorders
(1). The 5q deletion is the most commonly reported deletion in the mye-
lodysplastic syndromes (MDS) and is found in 10-15% of patients (). The
5q- chromosome occurs as a sole karyotypic abnormality in the distinct
myelodysplastic syndrome the 5q- syndrome (2). The 5q- chromosome 1s also
observed frequently in therapy related MDS and acute myeloid leukemia
(AML) where it is typically reported together with other karyotypic abnor-
malities (3). The 5q deletion is interstitial and the breakpoints are variable. The
breakpoints most frequently reported are 5q12-q14 (proximal) and 5q31-
q33(distal) (4). The most commonly reported 5q deletion is the del (5)(q13q33)
(5). There appears to be no difference in the pattern of 5q deletion breakpoints
between MDS and AML (4,5).

It has been postulated that the distal portion of the long arm of chromosome
5 contains a myeloid tumor suppressor gene and that this gene maps within the
minimal deleted segment, termed the “critical region” of gene loss (6). The pro-
posed site of the critical region of gene loss of the 5q- chromosome varies
between cytogenetic studies (4,5). Recently, however, molecular and FISH
techniques have been used by different groups to delineate the critical region(s)
of the 5g- chromosome in precise molecular terms. These studies have resulted
in the definition of more than one critical region predominantly mapping
within 5q31. It is most probable that this reflects the different patient popula-
tions under investigation in these studies. The critical region of the 5q deletion
in the 5g- syndrome has been defined by Boultwood et al. and maps to the approx
5 Mb region between the FGFA and NKSF1 genes (including CSF1R) (7). Le Beau
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et al. have defined the critical region of the 5q deletion in a range of malignant
myeloid disorders as the approx 2.8 Mb region between the genes for IL9 and
D5S166 (including EGR1) (6). A more centromeric critical region mapping
between the genes for ILS and CSF2 and encompassing the IRF1 gene has
been 1dentified by Willman et al. in patients with MDS and AML (8). Thus it 1s
probable that there may be more than one myeloid tumor suppressor gene on
5q (9). The delineation of more than one critical region of the 5q- chromosome
1s relevant to the approaches used for molecular diagnosis of this deletion.
Although the majority of 5q deletions will be detected by the use of a single
DNA marker mapping within 5q31 certain rare cases with either particularly
small deletions or atypical deletion breakpoints may be missed. It is important,
therefore, that in considering molecular diagnosis of the 5q- chromosome 1n
malignant myeloid disorders due regard 1s given to the respective critical re-
gions. The molecular techniques that commonly are employed for the identifica-
tion of the 5g- deletion are essentially the same as those used for the detection
of any chromosomal deletion in malignancy and all concern the detection of
allelic loss. These techniques comprise restriction fragment length polymor-
phism (RFLP) analysis (either by Southern blotting or the polymerase chain
reaction [PCR]), gene dosage studies and fluorescent “in situ” hybridization
experiments (FISH). The practical details necessary to carry out these investi-
gations in patients with malignant myeloid disorders are as follows.

2. Materials
2.1. Cell Separation

1 PBS/1 mM EDTA: 0 137M NaCl, 2.68 mM KCl, 7.98 mM Na,HPO,, 1 47 mM
KH,PO,, pH 7.2, | mM EDTA.

Lysis buffer: 10 mM NaHCO;, 0 15M NH,Cl, 0.1 mM EDTA. The solution
should be freshly prepared when required and filter sterilized before use.

Ficoll (Sigma, St Louis, MO)

Histopaque (Sigma).

22% bovine serum albumin.

2% Alsevers (TCS Biologicals Ltd., Buckingham, UK): Neuraminidase treated
sheep red blood cells.

Fetal calf serum (Sigma).

8. Polybrene (Sigma).

N

A

=~

2.2. Southern Analysis

1 Hybond N (Amersham, Arlington Heights, IL)

2. Random hexanucleotides (Boehring Mannheim, Mannheim, Germany)

3 20X Standard saline citrate (SSC-stock solution): 175.3 g of NaCl, 88.2 g of
sodium citrate, 10N NaOH to adjust the pH to 7.0 and made up to I L with dis-
tilled water Autoclave to sterilize.
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4 10% Sodum dodecylsulfate (SDS).
5 50X Tris-acetate electrophoresis buffer (TAE-stock solution): 242 g Tris base,
57.1 mL glacial acetic acid, 100 mL of 0.5M EDTA (pH 8.0) made up to 1 L.

Autoclave to sterilize.

2.3. RFLP Analysis by PCR

1 10X PCR buffer; 500 mM KCl, 10 mM Tris-HCI, pH 8 3

2 Deoxynucleotide triphosphates: 10 mM each of dATP, dCTP, dGTP, and, dTTP
3 25 mM MgCl,

4 Paraffin o1l (Sigma).

5 Taq polymerase

2.4. Microsatellite Polymorphism Analysis

1. Loading dye: 0.25% bromophenol blue, 0.25% xylene cyanol FF, and 15% Ficoll
(Type 400) in dH,0

2 10X Tris-borate electrophoresis buffer (TBE): 108 g Tris base, 55 g boric acid,
40 mL of 05M EDTA (ph 8.0), made up to 1 L. Autoclave to sterilize.

3. Methods
3.1. RFLP Analysis

RFLP analysis 1s used widely in the study of chromosomal loss in malig-
nancy. Each gene has two (or more) alleles and these may be found 1n different
forms, i.e., be polymorphic. RFLP analysis is dependent on these differences.
When a given restriction enzyme site is present in the DNA sequence of one
allele of a gene but absent from the second allele on the other homologous
chromosome a correspondingly shorter DNA fragment will be produced from
the former allele and a longer DNA fragment from the latter allele. Thus the
two chromosomes may be distinguished on the basis of this RFLP in a het-
erozygous (or informative) individual. First, it is necessary to establish whether
any given patient is informative for a particular RFLP. Subsequently, tumor
DNA and control DNA (from an uninvolved tissue) is analyzed using a probe
that detects a specific polymorphism. The control DNA would be expected to
show fragments representing both alleles and the tumor DNA only one allele,
the second allele having been lost as a result of the deletion. RFLP analysis by
Southern blotting methodology and PCR is described.

3.1.1. Peripheral Blood Cell Fractionation
3.1.1.1. FicoLL SEPARATION

RFLP analysis is performed routinely on DNA samples from patient bone
marrow or whole peripheral blood samples. However, 1t 1s preferable to
carryout RFLP analysis on as pure a tumor cell population as may be obtained.
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Peripheral blood cell fractionation using Ficoll centrifugation 1s used widely to
prepare pure granulocyte (malignant sample), and mononuclear cell (control
sample) fractions 1n patients with MDS (see Note 1). The mononuclear frac-

tion

may be further purified to pure T-lymphocytes by E-rosetting (/7). The

separation of peripheral blood into fractions should be attempted for AML pa-
tients. These patients have a high proportion of blasts in the peripheral blood

that

3.1.

1
2.

3

1.
12
13
14.
15
16.

17.

are found predommantly 1n the mononuclear fraction.

1 2 SEPARATION OF GRANULOCYTES AND MoNONUCLEAR CELLS

Take 50 mL of peripheral blood into a sterile tube containing EDTA.

Allow Histopaque (Sigma) to reach room temperature and pipet 25 mL into a
conical centrifuge tube

Layer 25 mL of blood gently onto the Histopaque using a widebore pipet and
centrifuge at 400g for 30 min at room temperature

Remove the upper layer to within 0 5 cm of the opaque nterface carefully with a
pipet. Transfer the opaque interface (mononuclear cell fraction) mnto a sterile cen-
trifuge tube. Retain the tube containing the red cell layer (granulocyte fraction)
for further processing (steps 9—17).

Add 50 mL of PBS/1 mM EDTA to the mononuclear fraction and mix by gentle
aspiration

Centrifuge at 400g for 10 min at room temperature. Pour off the supernatant and
repeat washing step 5

Resuspend the cell pellet in 10 mL of PBS/1 mM EDTA and determine the cell
concentration using an automated counter or a hemocytometer

Determine the purity of the cell population by preparing a cytospin shide. The cell
concentration required for cytospin preparations 1s 1 x 10%/mL. Mix two drops of
cell suspension with one drop of 22% bovine albumin per slide and spin for 10
min in an appropriate cytospin

Remove the histopaque layer to within 0.5 cm of the red cell layer.

Add 50 mL of PBS/1 mM EDTA to the red cell layer and mix by gentle aspira-
tion.

Centrifuge at 400g for 10 min at room temperature. Pipet off the supernatant and
repeat step 10.

Distribute the packed red blood cells into centrifuge tubes containing lysis buffer
(approx 1 mL of red blood cells to 50 mL of red cell lysis buffer) Mix by gentle
mnversion and leave at room temperature for 20 min

Centrifuge at 400g for 10 mun at room temperature and pour off the supernatant

Resuspend the granuloyte fraction in 1 mL PBS/1 mM EDTA, pool nto two
centrifuge tubes

Add PBS/1 mMEDTA to 50 mL Centrifuge at 400g for 10 mun at room tempera-
ture. Pour off the supernatant and repeat this washing procedure two further times

Resuspend the cell pellet in 10 mL PBS/! mM EDTA and determine the cell
concentration using an automated counter or a hemocytometer.

Prepare cytospin slides to determine cell purity.
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3.1.1.3. T-CELL SEPARATION

1
2

W

Adjust the mononuclear cell concentration 2-6 x 106 cells/mL

Add 0.5-1 vol of fetal calf serum, 1-2 vol of 2% sheep Alsevers (neuramimdase-
treated sheep red blood cells) solution, and 5 mL 5% (in distilled water) stock
solution of Polybrene

Mix and centrifuge at 70g for 5 min at 4°C Leave overnight (or a minimum
of 5 h) at 4°C.

Remove the supernatant and resuspend the cells by gentle rotation of the tube at
an angle where the meniscus passes through the cell pellet Gently undetlayer
with an equal volume (approx 10 mL) of Histopaque (Sigma) Centrifuge at 400g
for 30 min at room temperature.

Remove the upper interface by pipeting (B-lymphocytes and monocytes).
Resuspend (B-lymphocytes and monocytes) in S0 mL PBS/1 mM EDTA and
centrifuge at 400g for 10 min at room temperature. Remove the supernatant and
repeat washing step (only carry out this step 1f non-T-cells are required).

Pipet off the supernatant to the red cell layer and follow procedure for Ficoll
separation of peripheral blood, steps 10~17, to prepare pure T-cells.

3.1.2. Southern Analysis

1

5

6

Prepare high-mol-wt DNA samples (see Chapter 6) from patient bone marrow
samples, peripheral blood samples, or granulocyte and T-lymphocyte cell frac-
tions (see Section 3.1 1.3.) as well as from the whole peripheral blood of 10 or
more healthy controls

Digest the DNA with an appropriate restriction enzyme and size fractionate by
electrophoresis, through 1% (this may vary depending on the separation required)
agarose gels (see Note 2).

Transfer the DNA to Hybond N (Amersham) according to standard procedures
for Southern blotting (see Chapter 3).

Label the DNA probes to high specific activity by random hexanucleotide prim-
ing (Boehringer Mannheim) and hybridize the probes to the filters at 65°C for 16 h.
Wash the filters for 30 min in 0.1X standard saline citrate (SSC) containing 0.1%
sodium dodecylsulfate (SDS) at 65°C

Carry out autoradiography using X-ray film for 1-7 d at —70°C (see Note 3).

3.1.3. RFLP Detection by PCR

PCR is an in vitro method of nucleic acid synthesis by which a particular

sequence of DNA can be replicated specifically. PCR may be used for RFLP
analysis in malignancy. This methodology is particularly valuable in cases
where patient material is limited because only very small amounts (ngs or less)
of DNA are required for analysis. The preparation of very pure tumor samples
(ideally, >95%) is important in this form of analysis. Incorrect or inconclu-
stve results may be obtained 1f the proportion of contaminating normal tis-
sue is high.
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Prepare DNA samples (see Chapter 6) from MDS patient granulocyte and T-lym-
phocyte fractions (see Sections 3 1 1 2. and 3.1 1 3.) or mononuclear samples of
AML patients as well as from the mononuclear of 10 healthy controls

Obtain appropriate primer pairs flanking a known RFLP within a DNA sequence
(see Note 4)

Carry out PCR reaction 1n 0.5 mM sterile microcentrifuge tube. The basic proce-
dure for PCR amplification 1s as follows

Amount Final

for 1 PCR concentration
Sterile H,O 72.5 uL
10X PCR buffer 10 L 1X
dNTPs 8 uL 200 pM each
MgCl, (see Note 5) 6 uL 15pM
Oligonucleotide primer (forward) 1 ul 1 uM
Oligonucleotide primer (reverse) 1 pL 1 yM
Ampli Tag polymerase 05puL 25U
Final volume 99 uL

Add 1 pL (1 pg) of the appropriate DNA template to the PCR reaction mix and
mix gently by pipeting. Add 100 uL paraffin oil (Sigma).

Place the tubes on a DNA thermal cycler and perform amplification The cycling
profile will vary depending on the individual PCR experiments (see Note 6).
Digest the PCR products with an appropriate enzyme (i € , that which cuts at a
known polymorphic site) and electrophorese through an agarose gel (containing
0.4 pg/mL ethidium bromide) using a minigel system The agarose concentration
of the gel will vary from 1.5-4% depending on the size of the PCR product
Visualize the products using a transilluminator. Allelic deletion 1s demonstrated
when the tumor DNA shows loss of either the single uncut band or of the cut bands.

3.1.4. Nondenaturing Polyacrylamide Gel Electrophoresis
for Detection of Microsatellite Polymorphisms

Interspersed repetitive DNA sequences in the form of dinucleotide repeats (es-

pecially [CA] and [GA]), tnnucleotide repeats, and tetronucleotide repeats have
been found to exhibit length polymorphisms. These are termed microsatellite poly-
morphisms and represent a valuable source of informative genetic markers. This
type of polymorphism can be studied once the sequence encompassing the
microsatellite has been determmed. PCR primers unique to the region flanking the
repeats is used to amphfy the region of DNA obtained from a group of individuals.
The analyzed fragments are then sized on nondenaturing polyacrylamide gels.

1.
2.

Obtain PCR primers specific for the region flanking the repeats (see Table 1)
Prepare DNA samples obtained from MDS patient granulocyte and T-lympho-
cyte blood fractions (see Sections 3.1.1 2. and 3.1 1.3.) or mononuclear samples of
AML patients as well as from the mononuclear samples of 10 healthy controls
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Table 1
Chromosome 5 Microsatellite Polymorphisms Mapping 5q23-33
Heterozygosity Cytogenetic Linkage map

Locus rate posttion position
IL9 0.62 g22 3-q31.3 D5S58-D5S52
D58210 0.75 q22-q22.3 or q31 3-q33.3 D5554-D5S55
D58S207 0.69 q22-922.3 or q31.3-q33 3 D5S852-D5855
CSFIR 086 q22-922.3 or q31 3-q33.3 D5S52-D5S61
D5S209 071 q22-g22.3 or g31.3-q33.3 D5S854-D5S61
D5S119 049 q22-g22 3 or ¢33.1-q33 3 D5852-D5S43

3. Perform PCR amplification on patient and control DNA (see Section 3.1 3.)

4. Prepare a 6 or 10% polyacrylamide gel in 1X TBE.

5. Mount gel on suitable Electrophoresis apparatus, e g., protein I electrophoresis

Apparatus (Bio-Rad, Richmond, CA).

6 Mix 6-30 pL of PCR products with a tenth volume of loading dye.

7 Load the samples on the polyacrylamide gel and clectrophorese in 1X TBE at
300 V for 4-5 h at 18°C

8 Stain the gel with ethidium bromide (0.4 pg/mL) and visualize the bands on a
transilluminator

3.2. Gene Dosage Analysis

The value of RFLP analysis to the detection of chromosomal deletion is
entirely dependent upon the informative rate (heterozygosity) of the probe of
interest. If this is low then the loss status of only a small proportion of the patients
under investigation will be determinable. Gene dosage analysis, however, will
allow for an assessment of the allelic loss on every patient with any probe (7,8).

In addition this methodology allows for a quantitative assessment of gene
loss (loss of one or both alleles). Gene dosage is not, however, as sensitive as
RFLP analysis and is only reliable if carefully controlled. In these experiments
nylon filters containing patient DNA samples and control DNA samples are
simultaneously hybridized with two probes, a probe for the gene of interest and
a probe for a gene present on a chromosome known to be uninvolved in the
particular patient population (i.e., karyotypically normal) that acts as an inter-
nal hybridization standard. After autoradiography the film is scanned with a
densitometer to quantitative the relative intensities of the two hybridization
signals (see Fig. 1A and B).

1. Prepare DNA samples (see Chapter 6) obtained from MDS patient granulocyte
and T-lymphocyte blood fractions (see Sections 3.1.1.2, and 3 1,1.3.) and mono-
nuclear samples of AML patients as well as from the mononuclear samples of 10
healthy controls.
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Fig. 1. (A) Schematic illustration of gene dosage analysis. (B) Loss of CSF2 and
ADRB2 in patients with a 5q deletion. DNA samples from the lymphocyte fraction (lane
L) and granulocyte fraction (lane G) from patients (numbers 1-4) and from a healthy
normal control (C) were digested with EcoR1 and hybridized simultaneously to the
genomic renin probe and either the genomic CSF2 probe or the ADRB2 probe. Optical
densitometric readings were used to obtain comparative ratios between the two signals.
The presence of two alleles is designated as ++ and loss of one of two alleles as +— Num-
bers 14 show deletion of one CSF2 allele and one ADRB2 allele from the granulocyte
fraction (+-). The lymphocyte fraction of numbers 14 as well as the granulocyte and
lymphocyte fraction from the normal control show no loss of either CSF2 or ADRB2 (++).
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Table 2

Gene Dosage Analysis in 5931

Chromosome 5 Recommended Reference
gene of interest probe mix

1RF1 IRF1 ¢cDNA fragment—clone HHC PS21 18

and 1.9 kb genomic EcoRI-Ss!
fragment of renin gene

EGRI EGR1 primer pair generated probe 7

of 337 bp
CCACCTCTTAGGTCAGATGGAAG
TCCATGGCACAGATGCTGTAC
(annealing temperature 57°C)

and 1.9 kb genomic EcoRI-Ss/1
fragment of renin gene

CSFIR 3 kb genomic EcoR1 fragment of CSFIR 19

gene (5" and 1.9 kb genomic
EcoR1-Ssi fragment of renin gene

6.

Digest the DNA samples with an appropriate restriction enzyme and carry out gel
electrophoresis and Southern blotting as described previously (see Note 7).

The resulting filters should be simultaneously hybridized with two probes; a
probe for the gene of interest on chromosome 5 and a probe for a second gene
present on a different chromosome (known to be karyotypically normal i the
series of patients under investigation) that acts as an internal hybridization stan-
dard (see Table 2 for precise details of probe combinations appropriate for diag-
nosis of the 5q- chromosome 1n different myelotd disorders)

Following washing and autoradiography, scan the film using an enhanced lazer
densitometer (LKB Ultrascan XL, Bromma, Sweden) to quantitate the relative
mntensittes of the two hybridization signals.

Derive a comparative densitometric ratio from the two hybridization signals 1n
10 normal individuals An approx 50% reduction 1n this ratio indicates a 50%
reduction in the dosage of the chromosome 5 assigned gene of interest and 1s
consistent with the loss of one allele.

Repeat the gene dosage experiments two further times.

3.3. FISH Analysis

FISH analysis (see Chapter 13) allows for the localization of DNA probes
ranging from 1 kb to whole YACs (100—1000 kb) on metaphase chromosomes.
This technique makes possible the rapid mapping of such DNA probes with
>1 Mb resolution. Fish techniques are now being widely used for the detection
of chromosomal deletions in tumor cells®. Cosmids or YACS mapping to the
critical regions of the 59~ chromosome may be used to identify this karyotypic
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abnormality in malignant myeloid disorders. The methodology necessary for
FISH analysis 1s detailed in Chapter 13. It is recommended that the investiga-
tion employs DNA markers mapping within each of the three critical region
mapping to 5q31 in order to be confident of 100% detection of 5q- chromo-
somes in these disorders. Cosmids or YACs encompassing IRF1, EGR1, and
CSFI1R are 1deal for such studies.

4. Notes

1 The nature of the progenitor cell affected in MDS and AML has been the subject
of several studies with some indicating that a common myeloid-lymphoid stem
cell 1s involved in the disorder, whereas others have proposed that the disease
originates in a progenitor cell committed to the myeloid lineage. Overall the Iit-
erature would suggest that 1n the majority of patients with MDS the granulocyte
fraction 1s monoclonal (affected) and the T-lymphocyte fractions polyclonal
(unaffected). In patients with the 5g- syndrome two reports suggest that myeloid
but not lympho:d cells harbor the 5q- chromosome

2 The enzyme of choice will be that for which a group of individuals are polymor-
phic at a given DNA sequence. Surtable RFLPs for the detection of the 5g- chro-
mosome in different malignant myeloid disorders are shown 1n Table 3 and Fig 2

3 The film may be scanned using an enhanced lazer densitometer (LKB, Ultrascan
XL) to quantitate the relative intensities of the hybridization signals from the
allelic fragments 1n normal individuals as compared to tumor samples However,
if pure tumor samples have been studied the reduction in the intensity of one
allelic fragment (mapping within the deleted region) to the other (present on the
homologous karyotypically normal chromosome) will be very marked and analy-
sis by eye should suffice.

4. The APC and MCC genes have been localized to 5922 and a large number of
PCR-based polymorphism analyses with high heterozygosity rates have been
wdentified for these genes Although these genes map outside of the critical region
of the 5g- chromosome at 5931 the majority of patients with the 5q- deletion
will have loss of this regton Recommended polymorphisms include the Sspl
polymorphism 1n the sequence encoding the 3' untranslated region of the APC
gene (16).

Digest products Frequency
al 270, 580 bp 046
a2 135, 135, 580 bp 0.54

S The MgCl, concentration may vary depending on the primer and template used
Optimization of the PCR may be performed by using concentrations of MgCl,
between 1.5 and 4 0 yM

6. PCR cycling temperatures normally used are as follows: denaturation of the DNA
strands at 94°C, annealing of primers to templates 50-65°C, extension of primers
at 72°C. The period of time to which PCR reactions are exposed to these tem-



Table 3
Polymorphic Human DNA Segments Mapping to Distal Portion of 5q

Allele
Map location  Locus symbol Probe Enzyme Constant bands Symbol size  Frequency (kb)  Reference
5923-31 IL3 gIL-cDNA BgIll — Al119.] 0.90 13
A2154 0.10
5931 DS589 2 kb HindIlll  EcoRI — C153 14
fragment — C235
of DS589
5931q33 CSFIR 38kb EcoRl 3.0,25 Al 29 0.14 15
EcoR1 A216, 13 086

c¢cDNA
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Fig. 2. RFLP analysis at the CSF1R locus (See Table 1 for details.)

peratures is 1-3 min The number of cycles performed varies from 1540 cycles.
All PCR reactions are subjected to an mnitial denaturation step of 94°C for 8 min
to ensure that the template DNA 1s completely denatured

Preliminary experiments should be carried out in order to determine the restric-
tion enzyme that 1s most appropriate for any given gene dosage study, 1 ¢ , ideally
that which results in single hybridization fragments for each of the two genes
under mvestigation
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Polymerase Chain Reaction Based Methods
for Assessing Chimerism Following
Allogeneic Bone Marrow Transplantation

Mark Lawler and Shaun R. McCann

1. Introduction

It 15 important to be able to assess the contribution of donor cells to the graft
following bone marrow transplantation (BMT), as complete engraftment of
marrow progenitors that can give rise to long term donor derived hemopoiesis
may be important i long-term disease-free survival. The contribution of the
donor marrow, both in terms of filling the marrow “space” created by the intense
conditioning regimen and 1n its ability to mediate a graft versus leukemia effect
may be assessed by studying the kinetics of the engraftment process. As BMT
involves repopulation of the host hemopoietic system with donor cells, recipi-
ents of allogeneic marrow are referred to as hemopoietic chimeras. A donor
chimera is an individual who exhibits complete donor hemopoiesis and we
would imagine that donor chimerism carries the best long-term prognosis. A
patient who has both donor and recipient cells coexisting in a stable fashion
post-BMT without hematological evidence of relapse or graft rejection is
referred to as a mixed chimera. Mixed chimerism may be a prelude to graft
rejection or leukemic relapse; therefore, it is important to be able to monitor
the presence of these cells in a precise manner.

A vaniety of methods are used to assess chimerism post-BMT. As these
methods vary in their detection sensitivities and in the types of cell they exam-
ine, the reported incidence of mixed chimerism may vary. Karyotypic analysis
has been applied widely in this area but is at its most useful in sex mismatched
transplants where the Y chromosome can be used as a marker of engraftment.
Protein polymorphisms are generally applicable to a single cell type and thus
may misrepresent the contribution of donor cells to multi-lineage engraftment,

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
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particularly when studying situations such as the immunotherapeutic effect of
donor leukocyte infusions. Both karyotyping and protein polymorphisms suf-
fer from low sensitivity 1n detection of the minor cell population. While sensi-
tivity can be increased by erythrocyte antigen typing, results in the early
post-BMT period may be complicated by blood or platelet transfusions.

DNA methodologies, either by the use of restriction fragment length poly-
morphisms (RFLPs) and variable number tandem repeats (VNTRs) combined
with Southern blotting, or more recently by using the polymerase chain reaction
(PCR), allow all nucleated cell types to be examined 1n a single sample. These
markers rely on the polymorphic nature of human genome; variation 1n either
restriction enzyme sites or in the number of tandem repeats between donor and
recipient provides a sensitive and straightforward marker of engraftment (1,2).
The increased sensitivity of the PCR-based methods permits sensitive detection
of minor cell populations. Initial PCR assays involved the use of primers for
DNA sequences specific to the Y chromosome (3,4). Use of Y-specific PCR is
ideally suited to situations where the recipient is male and the donor is female as
reemerging recipient cells can be correlated with the appearance of a Y-specific
signal. PCR of VNTRs, however, does not limit studies to sex mismatched situ-
ations and has proved to be extremely reliable and 1s now widely used in the
detection of minor cell populations (5). The discovery of a new form of genetic
variation called microsatellites and short tandem repeats (STRs), which also
show variation in the number of a repeat motif between individuals (6}, has
also proved to be a very useful method 1n the assessment of chimerism (7).

Microsatellites have a repeat length of 2 bp of the form the Cytosine Adenine
dinucleotide(dC; dA; dG; dT) whereas in STRs the repeat unit can range from
2 to 5 bp and have a variety of different core repeat sequence motifs (e.g. TTTA
CAGQG). This review will focus on the use of PCR-based methods for assessing
chimerism due to their high sensitivity and robust nature. Southern blot based
methods will only be referred to briefly; readers are referred to a variety of
references for more detail of these methods (7,2).

2. Solutions and Materials

2.1. DNA Extraction from Peripheral Blood and Bone Marrow
RPMI medium

Lymphoprep (Ficoll).

10% Sodium dodecy sulfate (SDS)

Protemase K (10 mg/mL).

Tris-saturated phenol (1:1 ratio of phenol and 0.5M Tris-HCI, pH 7.5)
8 hydroxyquinoline (0.1 g/100 mL).

Phenol chloroform (1/1).

3M Sodium acetate (Na Ac).

Ethanol.

© 0N U AW -
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2.2. Extraction of DNA from Stored Hematological Slides

1. Noindet P40(0.1%).

2. Lysis buffer: 10 mM Tris-HCl, pH 7.8, 10 mM NaCl, 10 mM EDTA, 1% SDS,
and 2 pg/mL proteinase K.

3. Xylene.

2.3. Buccal Wash DNA Preparation

1. 15% saline.
2. 1% SDS.
3 10 mg/mL proteinase K.

2.4. PCR of Y Chromosome Specific Sequences

1. Ammomum hydroxide (NH,OH) 10% solution.

2. Phenol/chloroform (1/1).

3 PCR buffer: 50 mM KCl, 10 mM Tris-HCI, pH 8 3, 1 5 mM MgCl,, and 0 01%
gelatin (see Note 1).

2.5. PCR of Variable Number Tandem Repeat Sequences
(VNTR-PCR)

1 Sample loading buffer- 100 mM TBE, 2 mm EDTA, 0.5% bromophenol blue,
0.5% xylene cyanol, 30% Ficoll Hypaque.

2. Polynucleotide kinase (10 U/uL).

3 Kinase buffer. 10X 500 mM Tns-HCI, pH 7.5, 100 mM MgCl,, 50 mM DTT,
1 mM spermidine.

4. y32P dATP (3000 Cv/mmol, Amersham, UK).

5 Washing solution 1X SSC, 1% SDS.

6 X-ray film (Kodak, Rochester, NY;AGFA, Belgium)

2.6. Short Tandem Repeat PCR (STR-PCR)

1. PCR buffer: 50 mM KCl, 10 mM Tris-HCI, pH 8.3, 1.5 mM MgCl,, and 0 01%
gelatin.

2. “Hot” dNTP: Mix 2 mM dGTP, 2 mM dATP, 2 mM dTTP.

3. Tagq polymerase (Perkin Elmer, Cheshire, UK; Emeryville, CA).

4. 10X Tris-borate electrophoresis buffer (TBE) (108 g Tris-base, 55 g boric acid,
40 mL 0.5M EDTA [pH 8 0]). Adjust volume up to 1 L with double-distilled
water (ddH,0).

5. 20% Polyacrylamide bis-acrylamide stock: 193 g acrylamide (DNA sequencing
grade), 6.7 g N,N'-methylenebisacrylamide, 100 mL 10X TBE. Add 600 mL of
ddH,0 and mix on a heated stirrer. Adjust volume to 1 L with ddH,O. Filter solution
and store 1n glass bottles surrounded with tinfoil at room temperature. All weighing
of compounds should be done 1n a fume hood as acrylamide 1s a potent neurotoxin.

6. 7.75M Urea: 233.5 g urea, 50 mL 10X TBE. Adjust volume to 500 mL with ddH,0

7. 10% Ammonium persulfate: Make up 6 mL 1n 600-pL aliquots, which may be
stored at —20°C for 1-2 wk

8. a*?P dCTP.

9 25-100 pM dCTP
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3. Methods

There are a variety of sources of material routinely available for chimerism
studies post-BMT, Bone-marrow aspirates, peripheral blood samples and
stored hematological slides can be used to analyze the contribution of donor
and recipient to multilineage engraftment. In addition, the chimeric status of
various lineages may be studied using a variety of cell separation and purifica-
tion techniques (8—/7). PCR also allows analysis of crude lysates or even
directly of blood without prior purification (72).

Chimerism studies using Southern-based methodologies require high-mol-
wt DNA. This can be 1solated from a 20-mL blood sample using a variety of
techniques. Triton solubilization of centrifuged nuclei (/3) followed by
digestion overnight with proteinase K/SDS yields high quality DNA after phe-
nol/chloroform extraction and ethanol precipitation (see ref. 14) Alternatively
heparimzed blood can be nitially layered on Ficoll Hypaque to select mono-
nuclear cells for analysis.

3.1. DNA Extraction from Peripheral Blood (PB)
or Bone Marrow Aspirates (BM) (see Note 2)

1 Mix 3 mL PB with 10 mL RPMI medium and layer onto Lymphoprep. (If adding
BM, there 1s no need to dilute with RPMI unless marrow 1s hypercellular.)

2 Spm at 1800 rpm (2215g) for 25 min. Remove buffy coat and centrifuge for 10
min at 2215g. Wash pellet in RPMI/MEM medium

3 Lyse cells by adding 1/100 vol of the SDS solution followed by 1/10 vol of the
protemase K solution.

4 Allow cells to lyse overmight at 37°C.

5 Extract with phenol with 8 hydroxyquinoline added to the phenol to prevent oxi-
dation. (This mixture can be stored at 4°C in the dark for several weeks.) Remove
aqueous layer and repeat procedure

6. Perform a final extraction with phenol chloroform, making sure to remove only
the aqueous layer

7. Add 1/10 vol 3M NaAc and 2 vol ice-cold ethanol. Place at —70° for 30 min and
extract DNA erther by spooling (for large amounts of DNA) or by centrifugation.

8 Perform one or two 70% ethanol washes and resuspend 1n ddH,O Leave at room
temperature for 24 h to allow DNA to dissolve fully and aliquot into stock and
working aliquots

3.2. Extraction of DNA from Stored Hematological Slides

1 Scrape off material into a 1.5-mL Eppendorf tube using a sterile scalpel blade
(see Notes 3-5).

Centrifuge for 5 s to bring all powdered material to the bottom of the Eppendorf
Resuspend pelleted cells in 500 pL of a Nomdet solution for 15 min to lyse cells.
Centrifuge and incubate the nuclear pellets in 150200 pL of lysis buffer.
Incubate overnight at 37°C.

Qb v
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6
7

Phenol and chloroform extract
Ethanol precipitate as already described

3.3. Buccal Wash DNA Prep (see Note 6)

1

2.

3

4.

Sluice oral cavity with 10 mL of a saline solution.

Collect material in a 15-mL tube and centrifuge at 10,000 rpm (12,310g) to pellet cells
Resuspend pellet in 300 pL. ddH,0 and add 3 uL 1% SDS and 30 uL proteinase K
Incubate overnight at 37°C and extract as previously described.

Having established the methods available to access DNA from either fresh

or archival hematological material, we will now examine the methods avail-
able for PCR-based DNA analysis.

3.4. PCR of Y Chromosome Specific Sequences (see Note 7)

One of the earliest PCR-based systems involved the use of Y-specific prim-

ers 1n the assessment of chimerism following sex mismatched transplants.
Primers can be designed to a variety of Y-specific sequences (Fig. 1, Table 1).

1.

No s

10.

11

12.

Primers are synthesized on a DNA synthesizer such as the Applied Biosystems
391 PCR MATE DNA synthesizer (Applied Biosystems, Foster City, CA) using
standard phosphoramidite chemustry.

Following synthesis, oligonucleotides are cleaved from the column using NH,OH
and evaporated to dryness (Savant Speedivac).

Oligonucleotides are phenol/chloroform extracted and divided into two Eppendorf
tubes prior to ethano! precipitation.

Oligonucleotides are lyophilized to dryness.

Add 200 pL ddH,O to one of the two tubes.

Take a 20-uL aliquot and make up to 1 mL with ddH,O.

An Optical Density reading at 260 nm (ODy4) is measured to estimate the con-
centration of oligonucleotide (see Note 8)

A stock solution of 20—-50 pmol/pL 1s made up based on the oligonucleotide
concentration. Synthesis on the 40-nm scale (the lowest synthesis scale on the
Applied Biosystems DNA Synthesizer) should yield a stock of 5075 pmol/uL of
a 20-mer oligonucleotide.

The second aliquot of oligonucleotide is stored dry at —20°C wath the first aliquot.
The diluted working solution may be stored at 4°C as constant freezing and thawing
of the working solutton may be detrimental to the stability of the oligonucleotide

PCR 1s performed using 500 ng DNA template in a S0-uL reaction containing 5 pL
10X PCR buffer, 5 pI. 10X dNTP mix, and 50 pmol each primer

Use of a control primer in the same reaction tube permits a control for false nega-
tivity owing to lack of amphfiable material or a PCR failure.

Use of nested primers (primers designed to lie mside the first set of primers for a
second round of PCR) allows greater sensitivity. In this scenario a primary
amplification is performed with the outer primers (see Table 1).
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Fig. 1. Primary and nested amplification of Y chromosome specific markers. Male
(M) or Female (F) DNA was amplified with a panel of markers (see Table 1) anc
electrophoresed on a 1.8% agarose gel. Lane 1, Y1,Y3 male; lane 2, Y1,Y3 female
lane 3, Y1 (nested); lane 4, no DNA; lane 5, Y2 male; lane 6, Y2 female; lane 7, Y-
(nested); lane 8, no DNA; lane 9, Y3 male; lane 10, Y3 female; lane 11, Y3 (nested)
lane 12, no DNA; lane 13, Y2,Y3; lane 14, Y2,Y3 (nested). The sizes of the amplifiec
fragments are as in Table 1. Lanes 1-6, 8-10, and 1214 were coamplified with auto-
somal primers from the first exon of the rhodopsin gene ([C2] see Table 1).

Table 1
Sequence of Y Chromosome Specific
and Autosomal Primers?

Primer Sequence Size
Y1(+) CTA GAC CGC AGA GGC GCC AT 239
Y1) TAG TAC CCA CGC CTG CTC CG

NI1(+) TCT GGG CCA ATG TTG TAT CC 131
N1(-) AAG AGT CAC ATC GAA GCC GA

Y2(+) TCA TGG CTT GCC ACA CTC AG 321
Y2(-) ACGCGGGCTGCGTGGTCTTT

N2(+) AAA GAC CAC GCA GCC CcGC GT 205
N2(-) CCC TAA GGA CTG CGC GCT AA

Y3(+) GTG TGG TCT CGC GAT CAG AG 185
Y3(-) CGA TAC TTA TAA TTC GGG TA

N3(+) ATG GCT CTA GAG AAT CCC AG 116
N3(-) TAA TTT CTG TGC CTC CTG GA

Cl(+) TGG AGG AGC CAT GGT CTG GA 147
Cl(-) AGG GCA CCC AGC AGA TCA GG

C2(+) TTC TCC AAT GCG ACG GGT GT 80

C2(-) ATG GAG AAC TGC CAT GGC TC

“All sequences are written 5' to 3'. In each case, N1,2,3 are primers designed
internally to Y1,2,3 to allow nested amplification to increase sensitivity. C1 and
C2 are control primers that amplify autosomal sequences. C1 is from exon 4 of
the rhodopsin gene while C2 is from exon 1 of the rhodopsin gene.
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Fig. 2. Detection of mixed chimerism using nested PCR. A male recipient of a sex
mismatched BMT was initially investigated using a single primer set (Y2) with C1 as
a positive control. Lane 1, d 28 post-BMT; lane 2, d 56 post-BMT; lane 3, d 91 post-
BMT; lane 4, d 91 post-BMT (nested); lane 5, d 171 post-BMT (nested); lane 6, nega-
tive control. The d-91 sample (lane 3) showed a faint Y-specific product. Use of nested
primers (lanes 4 and 5) confirmed the presence of male (recipient) material.

13. Some 1-2 uL of this amplification reaction are subsequently used as template in
a second PCR using the inner or internal primers.

14. The Y-specific PCR assay is at its most useful when the donor is female and the
recipient is male, as re-emergence of recipient cells can be correlated with a
reappearance of the Y signal on ethidium bromide stained gels (Fig. 2). How-
ever, this methodology is limited by its lack of quantitation and its suitability to
sex mismatched transplants only. However, it is a very sensitive method of
detecting minimal numbers of re-emerging cells, particularly if nested PCR is
used or if Southern blot analysis is performed on amplified samples (16).

3.5. PCR of Variable Number Tandem Repeat Sequences
(VNTR-PCR)

A variety of VNTR markers have been adapted to the PCR format. Several
parameters should be used in the judicious choice of VNTR markers. The mark-
ers should generally amplify loci of less than 2 kb in length, as it has been reported
that differential amplification occurs with alleles longer than 2 kb. Markers
should also be chosen that do not have a high GC content as 7ag polymerase
does not amplify these regions very efficiently. Finally, markers should have
high polymorphism information content (PIC) values so that virtually all donor
recipient pairs can be analyzed with a suitable primer panel. With these criteria
in mind, the following VNTRs are suitable for PCR analysis and chimerism
studies (5,8,717): 33.6 from chromosome 1; 33.4 which is unassigned; 3'HVR
from the p globin gene on 16p13.3; YNZ 22 from chromosome 17p13.3; and
H-ras from the Harvey ras proto-oncogene locus on chromosome 11pl5.5.
This panel of minisatellite/VNTRs primer sequences is listed in Table 2.



Table 2
Sequence of PCR Primers, Forward (F) and Reverse (R), for Amplification of VNTR Loci?

Locus Primer sequence LSO sequence

334 F ATG GGG GAC CGG GCC AGA CC GGG GCA CCC ACAATCTGG GGCCACAGG A
R CCA GGA GGC CACCAG AACCT

33.6 F TGT GAG TAG AGG AGA CCT CAC CCT CCA GCCCTCCTCCAGCCCT
R AAA GAC CAC AGA GTG AGG AGC

YNZ 22 F GGT CGA AGA GTG AAGTGC ACAG TTG CTT CTG TAA GGG AGG GTC TCA CAG
R GCC CCA TGT ATC TTG TGC AGT G

HVR F AGT CCC ACC TGC AGG AAA AGG GTG GTG TCG CTG TTC CCC CCG TGT CGC TGT T
R GTC ACT TGG GAT TGA TGC TGT GC

HRAS F TTG GGG GAG AGC TAG CAG GG CAC TCC CCC TTC TCT CCA GGG GAC GCC A
R CCT CCT GCA CAG GGT CACCT

“The DNA sequence of the tocus specific oligonucleotides (LSO) 1s also shown
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1

2

Amplifications should be performed in 50-pl reactions contaning 1X PCR
buffer, 200 pM each ANTP, 12.5 pmol each primer, and 250 ng template DNA.
For VNTRs 33 6 and H-ras, the cycling conditions are 94°C for 1 min, 64°C for
[ min, and 72°C for 4 mun for 30 cycles of amplification; for HVR and YNZ 22,
the extenston step at 72°C is extended to 5 min while for 33.4, the annealing
temperature is reduced to 60°C

Following amplification, 20 pL of each amplified product 1s mixed with 2 ul. of
10X loading buffer and electrophoresed on a 1% agarose gel

Following electrophoresis, the DNA is transferred to the membrane of choice for
hybridization analysis. Prehybridization conditions will vary depending on the
membrane used.

Hybridization 1s performed using an oligonucleotide probe or locus specific oh-
gonucleotide (LSO), which is complimentary to the repeat unit. The repeat unit
length varies from locus to locus; e.g., for 33.6 the repeat unit length 1s 11 bases
and so a 22-mer chigonucleotide containing 2 complimentary tandem copies of
the 11-mer core is used as a probe (see Table 2). For the other markers, the repeat
unit length 1s longer (17-28 bases) and an oligonucleotide probe is designed to
compliment either 1 or 1.5 repeat umts

The bound DNA is hybridized with the approptiate 3' o3?P-labeled LSO for 2 h
at 65°C and washed to a stringency of 1X SSC 0.1% SDS at the hybridization
temperature.

The membrane 1s placed 1n an X-ray cassette with intensifying screens and exposed
to autoradiographic film at—-70°C A radioactive signal can be detected after 2 h of
hybridization, although overnight exposure is probably necessary for the detection
of minor cell populations. Estimations of the sensitivity of this technique vary from 0 1
to 1% for detection of the minor cell population, depending on the primer pair used

3.6. PCR of Short Tandem Repeats (STR-PCR) (see Notes 9-12)

The use of STR sequences in the assessment of chimerism has proved to be

a highly sensitive and robust technique. Sensitivity is increased by addition
of a radioactively labeled nucleotide in the PCR (“Hot” PCR). As In VNTR
PCR, a panel of primers is initially used to screen donor and recipient for infor-
mative polymorphisms. The STRs that we routinely use are:

INT 2: A dinucleotide repeat polymorphism from the 1t 2 proto-oncogene on
chromosome 11q13.

ACPP: A tetranucleotide repeat from the 3' noncoding region of the prostatic
acid phosphatase gene on chromosome 3q21.

CYP 19. A tetranucleotide repeat polymorphism from the human aromatase
cytochrome P450 gene on chromosome 15¢g21.

IGF 1. A dinucleotide repeat from the insulin growth-factor gene on chromosome 12¢22.
vWF: A tetranucleotide repeat from the von Willebrand Factor locus on chromosome 12.

The DNA sequence of these primer pairs and their degree of polymorphism

is shown in Table 3.
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Table 3
Primer Sequences and Heterozygosity (HET) or Polymorphism Information
Content (PIC values) of Dinucleotide and Short Tandem Repeat Markers

Locus Sequence Size range HET  PIC value
INT2 TTTCTG GGT GTG TGT CTG AAT 161-177bp 84 6%

ACA CAGTTG CTC TAA AGG GT
ACPP  ACTGTGCCTAGCCTATACTT 136156 bp 058

AGT GAG CCA AGA GTGCACTA
CYP19 GCAGGTACTTTAAGTTAGCTA 154-178bp 91.3%
TTA CAG TGA GCC CAA GGT CGT

VvWF TGT ACC TAG TTA TCT ATC CTG 154-174 bp 0.65
GTG ATG ATG ATG GAG ACA GAG
IGF GCT AGCCAGCTGGTGTTATT 178-196 bp 053

ACC ACT CTG GGA GAAGGGTA

1. Make up a reaction tube containing a 200-ng template: 2.5 pl. DNA, 10X PCR
buffer mix, 2.5 uL 10X dNTP mix, and 25-100 uM dCTP (this concentration can
vary for different STRs) Add ddH,0 to 20 pL total volume

2. Qverlay with 25 pL paraffin oil and heat to 95°C for 7 min. Reduce temperature
to 80°C for 10 min \

3. Add the following 1n a 5-pl solution (“Hot start procedure™): 1 U Taq polymerase,
25 pmol each primer, and 1 uCit o*?P dCTP at 3000 Ci/mmol (Amersham)

4. PCR s performed using the following cycling parameters for 30 cycles 94°C for
1 min (for primers CYP 19 and INT 2, this time 1s extended to 1.4 mm), 55°C for
1 min (for primer vWF, this time is extended to 1.4 mn; for primer ACPP, the
anneahing temperature is raised to 60°C), and 72°C for 1.2 mn (see Note 13)

5 After 30 cycles of amplification, 2.5 uL of product are mixed with an equal vol-
ume of formamide tracking dye and loaded on an 8% denaturing polyacrylamide
sequencing gel

6. To make up a sequencing gel- Mix 30 mL of'the 20% acrylamide solution and 45 mL
urea solution,

7. Add 400 pL ammonium persulfate and 75 uL. TEMED immediately prior to pour-
ing the gel to aid 1n polymerization. Make sure to mix well prior to pouring to
ensure even polymerization of the gel matrix.

8. Pour gel taking care to avoid bubbles and allow gel to set for 30 minto 1 h
depending on ambient room temperature.

9. Set up gel in sequencing apparatus. Make sure to use same TBE stock in electro-
phoresis buffer to ensure equal concentration of 10ns.

10. Electrophorese gel at a constant power (35 W and approx 1,500 V). The xylene
cyanol front runs at approx 75 bases on an 8% gel allowing estimation of the time
required for adequate separation of di or tetranucleotide repeats.
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Fig. 3. STR-PCR in the detection of MC. D, donor; R, recipient. Lane 1, d 29 post-
BMT; lane 2, d 36 post-BMT; lane 3, d 75 post-BMT,; lane 4, d 91 post-BMT; lane 5,
d 100 post-BMT; lane 6, d 114 post-BMT; lane 7, d 131 post-BMT; lane 8, d 161
post-BMT. Donor and recipient are maximally informative for nonoverlapping het-
erozygote alleles. Operator (not shown) shown shared one allele with the lower allele
of the donor but showed a distinctly different second allele from donor or recipient.
While initial levels of recipient cells were low (<10%), subsequent re-emergence of
recipient cells occurred after d 100 leading to graft rejection atd 191.

11. Following electrophoresis, gels are dried down and subjected to autoradiogra-
phy. Efficient labeling of the PCR template can result in a strong signal in2-3 h
if the dried gel is placed in an X-ray cassette with intensifying screens at —70°C.
This technique allows detection of the minor cell population at levels of 0.01-0.1%.

An example of the use of STR-PCR is shown in Fig. 3. Donor and recipient
were found to be informative for the dinucleotide repeat IGF1. As the CA and GT
bands of the microsatellite migrate with different mobilities owing to the dena-
turing properties of the gel, a homozygote will yield two bands and a heterozy-
gote 4 bands. The strand containing CA will be labeled more strongly as Cytosine
is the radioactive nucleotide in the reaction. As seen from Fig. 3, both donor and
recipient show nonoverlapping heterozygote profiles. Analysis of early posttrans-
plant samples reveals predominantly donor hemopoiesis but there is a sudden
rise in recipient cells around d 100 post-BMT. This sudden rise, which is termed
progressive mixed chimerism, preceded subsequent graft rejection on d 191.
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Recently, several methods have been developed to allow nonradioactive
detection of STR alleles. Use of chemiluminescence techniques allows detec-
tion of amplified alleles after blotting of acrylamide onto nylon membranes
and probing using the ECL oligonucleotide labeling and detection system
(Amersham, UK). Alternatively, STR primers may be labeled with a fluoro-
phore and detected after electrophoresis on a Model 373 DNA sequencer
(Applied Biosystems). The principle of this electrophoresis system is that an argon
laser excites the fluorophore labeled product at a particular wavelength and
allows detection of the fluorescent product. Use of different fluorophores
allows multiple markers to be electrophoresed in the same lane of a gel. Either
of these systems could allow chimerism studies in large numbers of samples.

The ability to assess archival material using STR markers has allowed retro-
spective studies to be performed and has allowed access to pretransplant mate-
rial from stored hematological slides or paraffin-embedded material. The use
of serial studies with polymorphic markers (either STRs or VNTRs) allows
direct comparison of donor and recipient profiles, and thus semiquantitative
data 1s available on the kinetics of engraftment. This may be important in
assessing the likelthood of recurrence of disease 1n certain patients.

Chimerism studies are useful in assessing the outcome of the transplant pro-
cedure. Studies 1n recipients of T-cell depleted grafts have indicated that this
group contains higher numbers of mixed chimeras when compared to patients
receiving unmanipulated bone marrow. In Chronic Myeloid Leukemia, T-cell
depletion, mixed chimerism, and leukemia relapse are linked. Studies of sepa-
rated cell populations indicate that mixed T-cell chimerism is associated with a
higher level of minimal residual disease and a higher risk of leukemic relapse
(16). CML is one of the few diseases where a defined graft vs leukemia effect
can be seen and clinical use of donor leukocyte infusions 1s now an important
therapeutic option for relapsed CML. Chimerism studies are important in moni-
toring the immunotherapeutic response.

In aplastic anemia, a large laboratory based study by our group for the Euro-
pean Bone Marrow and Blood Transplant working party on Severe Aplastic
Anemia indicates that patients with rising levels of recipient cells (progressive
mixed chimerism) are at a higher risk of graft rejection. Chimerism studies,
while not as sensitive as Minimal Residual Disease studies using either disease
specific or clonality markers, compare favorably with these techniques 1n the
majority of transplant recipients. In situations where there is no specific marker
of disease relapse, chimerism studies may be of particular value.

PCR of VNTRs or STRs is the most reliable technique at present for assess-
ment of chimerism post-BMT. A single bone marrow or peripheral blood smear
can provide enough genetic material for 5-20 analyses. As chimerism studies
use nondisease specific markers, the use of single timepoint studies is of little
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value either in understanding the kinetics of chimerism or in patient manage-
ment. Serial studies using peripheral blood or bone marrow are necessary 1f we
are to understand the kinetics of engraftment, graft rejection, or leukemia
relapse either early or late post transplant (/7). The robustness of this tech-
nique may allow it to become the first choice 1n testing patients at risk and
providing data to referring clinicians.

4. Notes

1.

2

This may vary depending on the source of Tag polymerase used.
For any PCR-based study, access to DNA 1s more straightforward. As PCR 1s a
more robust technique than Southern blotting, initial starting material can be of
lower molecular weight and of less high quality. However, whereas there are
several “quick and dirty”” methods of isolating DNA for “once off” PCR, chimer-
ism studies require serial analysis of DNA samples. Thus, a techmque 1s required
that yields DNA of sufficient quality for repeated use Routine analysis 1n our
laboratory involves the isolation of DNA from stored nonstaimned nonfixed
hematological slides (17). This allows prospective as well as retrospective stud-
1es to be performed and allows easy access to material from collaborating cen-
ters. A standard bone marrow or peripheral blood smear will yield 1-10 ug DNA,
which 1s sufficient for multiple analyses
A separate blade should be used for each sample to avoid crosscontamination,
and this procedure should take place 1n a laminar air hood as an added precaution
against contamination.
Isolation of matenial from stained slides is less reliable, particularly 1if they are
also coverslipped. Soaking of slides overnight in xylene as is standard for extrac-
tion of DNA from formalin-fixed paraffin-embedded material can make them
more amenable to subsequent extraction.
When performing chimerism studies by PCR analysis, 1t 18 necessary to exclude
potential sources of contamination One potential source of contamination is the
operator, so it is advisable to include an operator control with each chimerism
study. The easiest source of operator DNA is from a buccal wash and this pro-
vides adequate material for multiple analyses.
In some cases, paraffin-embedded material may be the only material available
for analysis for deducing the pretransplant profile of the recipient. Such archival
material may have DNA that has been damaged by the fixing process; 1t has been
noted that samples of this kind may be difficult to amplify with primers that give
a product in access of 400500 bp. However, DNA from paraffin-embedded
material is particularly suited to PCR of STRs or microsatellites as the size of
product generated 1s 100200 bp A standard paraffin-embedded protocol (78)
allows access to this material.
In any PCR-based assay system, the following precautions should be taken to
avoid contamination.
a. All scraping of slide material should be undertaken 1n a laminar flow hood
and each sample processed individually with a separate sterile scalpel blade.
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b Sample preparation and PCR amplification should be performed n differ-
ent areas

¢. Plugged tips can be used to avoid aerosol-borne contamination.

d. Buffers can be incubated with restriction enzymes that cut within the ampli-
fied fragment before amplification to ensure that any contaminating matenal
does not act as a template for PCR. Restriction enzymes can subsequently be
heat killed to ensure no interference with PCR

e. Other more stringent contamination measures such as the use of positive displace-
ment pipets, UV wrradiation of solutions prior to PCR, or the use of the Uracil N
Glycosylase PCR carryover prevention kit (Roche) can also be performed

The following formula can be used to estimate oligonucleotide concentration,

based on the OD reading at 260 nm

1 ODy40 U = 33 pg for an oligonucleotide
OD/uL x 33 x 10%/330 x no. of bases = pmol/uL = pM

STR-PCR Depending on the number of reactions being performed, a master mix
should be made up of Tag polymerase, primers and radioactively labeled dCTP
Just prior to addition. Thus the minimum number of manipulations can be carried
out with radioactively labeled material.

STR-PCR The loct described were chosen owing to their high information con-
tent and relative robustness. There are many other STR loci described in the lit-
erature that are also suitable for chimerism studies

STR-PCR. STR-PCR can also be performed by labeling one of the amplification
primers with y32P dATP using polynucleotide kinase This allows labeling of one
strand so homozygotes appear as a single band and heterozygotes as a doublet
(see ref. 19 for detailed description). However, while this methodology 1s useful
for screening a large number of DNA samples with a single marker, 1t 1s more
tume consuming and wasteful of isotope if a panel of markers is being used to
screen small numbers of samples, as is the case in typing donor recipient pairs
and assessing posttransplant chimerism. In this case, the use of a single 1sotopic
label that can be incorporated 1nto a reaction 1s more generally applicable

STR PCR. The use of the “hot start procedure” avoids the problems of nonspecific
amplification, which usually occurs owing to primer annealing of oligonucleotide
to target at low temperatures below the expected melting temperature of the primer
target duplex Addition of the primers with polymerase and radioactive dCTP after
mtial denaturation at an elevated temperature avoids this potential problem
Primer dilution curves and magnesium buffer optima studies should be performed
for any new oligonucleotide pair It 1s recommended that this 1s done using both
“cold” (no radioactive dCTP added) and “hot” (radioactive dCTP added in the INTP
buffer) PCR assay conditions, as differences have occasionally been seen (Lawler,
unpublished). The tuming of these annealing and extension times may vary depending
on the type of thermal cycler so optimum annealing and extending times should
be assessed using control material. The concentration of cold dCTP in the INTP
solution is low owing to the addition of radioactive dCTP to the PCR.
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Identification
of Mutations in the Retinoblastoma Gene

Annette Hogg

1. Introduction

Mutations in the retinoblastoma gene (RB1) predispose to the formation of
ocular tumors. Following the cloning of RB1 1n 1986 (1), polymorphic restric-
tion enzyme sites within RB1 were used to “track” the mutant gene within
affected families using linkage analysis (2,3). This approach, however, was
unsuitable for most retinoblastoma (Rb) patients because only 16% have a family
history of Rb (4). In recent years, it has become possible to detect mutations in
nucleic acids. The ability to detect mutations in RB1 has important implications
for Rb patients because it means that individuals predisposed to Rb but with no
previous family history of the disease can now be screened for mutations.

Single-strand conformation polymorphism analysis (SSCP) (5) has a num-
ber of advantages compared to other mutation detection techniques for the
analysis of RB1. SSCP 1s simple, requires a minimum number of manipula-
tions, and involves the use of relatively safe chemicals. In addition, it is 1deal
for screening large, complex genes, such as RB1, which contains 27 exons (6).
One potential disadvantage of SSCP 1s that the sensitivity decreases when DNA
molecules longer than 250 bp are analyzed. The inability to detect mutations in
large molecules is a potential problem if cDNA 1s analyzed but this approach
probably 1s not suitable for most RB1 mutations. The analysis of RB1 cDNA
appears to be unsuitable because mutations that have been detected in RB1
genomic DNA often do not produce detectable levels of mutant RBI mRNA in
lymphocytes (7—9). The reason for the lack of mutant RB1 mRNA in lympho-
cytes is unknown but the mstability of mRNA transcripts which contain pre-
mature stop codons (which are the most common inactivating mutation 1n the
RB1 gene) may be responsible (/0-12). For this reason, an exon-by-exon
analysis of RB1 often is required.

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc, Totowa, NJ
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The SSCP technique 1s based on the observation that the migration of single
stranded DNA molecules in a nondenaturing polyacrylamide gel 1s sequence-
dependent. The conformation of a single-stranded (SS) DNA molecule in solu-
tion depends on intrastrand hydrogen bonding as well as base stacking. Thus,
the conformation of SS DNA molecules can be altered by point mutations,
deletions (Fig. 1) and insertions and this can change their mobility mn a gel
when compared to a normal DNA fragment.

In order to detect mutations in RB1, it is necessary to produce large quanti-
ties of DNA for mutation analysis using the polymerase chain reaction (PCR)
(13). Oligonucleotide primers located 1n the introns, within 50 bp of each exon,
have been designed for the RB1 gene (7/4). In most cases, the PCR-amplified
exon 18 too long for analysis using SSCP and appropriate restriction enzyme
are used, therefore, to produce fragments <250 bp (or as close as possible).
Finally, the DNA 1s denatured and electophoresed on a nondenaturing polyacryla-
mide “SSCP” gel. The nature of the mutation can be determined by sequence
analysis of the PCR product that generated the aberrantly migrating DNA.

2. Materials
2.1. General Reagents

1 MulliQ purified and autoclaved water

2. Neutral loading dye: 0.25% bromophenol blue, 0.25% xylene cyanol, 15% Ficoll
(Type 400)

3 10X Tag polymerase buffer- 500 mM KCl, 100 mM Tris-HCL, pH 9 0, 0.1% gela-
tin (w/v), 1% Triton X-100, 15 mM MgCl,.

4 dNTP (deoxynucleotide) mix* 2 0 mM dATP, 2.0 mM dCTP, 2.0 mM dGTP,
2.0 mM dTTP.

5. TAE agarose gel running buffer: 0 04M Tris-acetate, 1.0 mM EDTA, 0.5 pg/mL
ethidium bromide (50X TAE: 242 g Tris base, 57.1 mL glacial acetic acid, 100 mL
0 SMEDTA, pH 8.0)

6. STE 10 mM Tris-HCl, pH 8.0, 1 mM EDTA, 0.1M NaCl, pH 8.0.

2.2. Sample Preparation

Blood lysis buffer: 0 075M NaCl, 0.024M EDTA.
Cell lysis buffer. 100 mM NaCl, 10 mM EDTA, 100 mM Tris-HCl, pH 8 0.
10% SDS (sodium dodecylsulfate)
Phosphate-buffered saline A (PBSA).
1M Tris-HCI, pH 8.0.
TE: 10 mM Tris-HC], pH 8.0, 1 mM EDTA, pH 8.0
TE-saturated phenol* Equilibrate water saturated phenol with 1M Tris-HCI, pH
8.0 and add hydroxyquinolone to 0 1%
0.1% Nomidet P 40.
9. 3M Sodum acetate, pH 5.2.
10. Protemase K. 20 mg/mL.

NoUA W

%
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Fig. 1. SSCP analysis of exon 3 from family RBF 64. DNA from four individuals
from family RBF 64 was analyzed using SSCP. DNA from affected individuals II.1
and III.1 formed several bands on the SSCP gel (arrows) that were absent from the
unaffected individuals, I.1 and I1.2. The DNA was sequenced and a 2 bp deletion 106
bp from the 5' end of exon 3 was identified in individuals II.1 and III.1. The conse-
quence of the mutation is shown in (B). The deleted bases (boxed) generated a shift in
the reading frame producing a stop codon 15 bp further downstream.

2.3. Single-Strand Conformation Polymorphism Analysis (SSCP)

1. SSCP dNTP mix: 2.0 mM dATP, 2.0 mM dTTP, 2.0 mM dGTP. 0.2 mM dCTP.

2. [0-*?P] dCTP: 3000Ci/mM.

3. 40% acrylamide (1:20 bis): 40% Acrylamide w/v: N,Nmethylene bisacrylamide
at a ratio of 1:20.
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Glycerol

10X Tris-borate electrophoresis buffer (TBE) 0.9M Tris base, 0 9M boric acid,
25 mM EDTA.

Polyacrylamide gel loading dye mix: 95% formamide, 20 mM EDTA, 0 05%
bromophenol blue, 0.05% xylene cyanol.

Equipment

Thermocycler.

Sequencing gel running apparatus.
Agarose gel running apparatus
Gel drier

Centrifuge

3. Methods

The following procedure outlines the techniques required for the analysis of
mutations in the RB1 gene. First, DNA is prepared from blood samples or
alternatively, whole blood can be used directly in PCR. The latter method 1s
faster, but, occasionally, inhibitors, such as hemoglobin, may interfere with
the PCR, resulting 1n a low yield of product (see later).

3.1.

1.
2.

3

Preparation of DNA from Lymphocytes

Collect 10-mL blood samples 1n Iithium heparin anticoagulant tubes.

Mix each 10-mL sample with 20 mL of sterile, cold distilled water to lyse the
red cells.

Centrifuge at 1300g for 15 muin, remove the supernatant and resuspend the pellet,
containing the white blood cells, in 30 mL of 0.1% Nomdet P 40 1n order to lyse
the cell membrane but not the nuclear membrane.

Centrifuge at 1300g for 15 min, remove the supernatant, and resuspend the nu-
clei in 5 mL of blood lysis buffer Add SDS to a final concentration of 1 0%
Add proteinase K to a final concentration of 100 pg/mL and incubate overnight at
37°C or for 2 h at 60°C in order to digest the cellular proteins.

After proteinase K digestion, extract the DNA with phenol:chloroform using the
upper end of a 10-mL pipet to prevent shearing the DNA

Add to the final upper phase 2.5 vol of ethanol and 1/10 vol of 3M sodium
acetate pH 5 2. Genomic DNA should precipitate immediately and be visible as
a stringy white mass. Collect the DNA by spooling using a glass Pasteur pipet
Wash the DNA in 70% ethanol to remove excess salts and resuspend in 2 mL
of TE. If, after resuspension in TE, the solution 1s white and cloudy the protein-
ase K treatment (see the preceding) should be repeated to remove undigested
cellular proteins

Remove an aliquot from the DNA and dilute to 1:20 in distilled water. Measure the
absorbance of the DNA solution, at 260 nm, m a glass cuvet in a spectrophotometer
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3.2. Preparation of DNA from Whole Blood

Although DNA for PCR amplification can be prepared by standard phenol-
chloroform extraction, as described earlier, a simple and rapid procedure can
also be used for whole blood, as follows (see Note 1).

1. Collect blood samples in lithium heparin anticoagulant tubes

2. Add 2 uL of whole blood to 5 uL of 10X Taq polymerase buffer/5 ul. of INTP
mix and adjust the volume to 50 pL with water.

3. Lyse the cells by performing three successive PCR cycles, each consisting of 3
min at 95°C and 3 min at 65°C

3.3. PCR

Oligonucleotide primers are used to amplify RB1 DNA for analysis using
PCR. These oligonucleotide primers were designed using the sequence of the
coding region of RB1, together with approx 200 bp of the introns flanking each
exon, reported by McGee et al. (6). Primers are deliberately located within
intron sequences to allow the analysis of splice sites, detection of activated
cryptic splice sites or new splice sites, and analysis of branchpoints that are
usually 30--50 bp upstream from the splice acceptor site. Details of oligonucle-
otide primer pairs designed to amplify exons 1-26, the coding region of exon
27, the 5' promoter region and the 3' poly-A signal sequence of RB1 are listed
in Table 1. All of the sets of primers listed in Table 1 give a single PCR product
when electrophoresed on 1 5% agarose/TAE gels.

Some general points to consider when performing PCR are in Notes 2--6.

1 AddtoaPCR tube on ice the following: 100 ng of purified DNA or 2 uL. of whole
blood (see Note 7), 50 pm of each PCR primer (for the particular exon being
analyzed), 5 uL. of 10X Tag polymerase buffer/5 yL of ANTP mix or SSCP dNTP
mix (see Section 3.4.) and adjust to a final volume of 50 puL with distilled water.
Overlay with 30 uL of mineral o1l

2. Program the thermocycler to carry out a 10-min denaturation step at 95°C fol-
lowed by an incubation at 65°C. After the thermocycler begins to cool to 65°C,
add 1 U of Tag polymerase through the o1l The addition of Tag polymerase at
65°C (which is higher than the annealing temperature of the primers) increases
the specificity of the reaction. The time allowed for the incubation at 65°C will
depend on the length of time required for the addition of the Tag polymerase.
After the addition of the Taq polymerase, perform 30 PCR cycles consisting of
an initial denaturation step at 96°C for 0.5 min followed by an anneahing step at a
temperature optimal for the particular primer pair (see Table 1) for 0 5 min and
an extension step at 72°C for 1 min.

3.4. SSCP

DNA for SSCP analyss is generated by PCR amplification using the prim-
ers listed 1n Table 1. Many of the oligonucleotide primers listed in Table 1
yield PCR products that are longer than 250 bp, which 1s considered the upper



Table 1
Details of the Oligonucleotide Primers for Amplification and Analysis Using SSCP of the 27 Exons of RB12

Temp, Full s 3 Cut
Oligo  Location Sequence °C size,bp Intron Intron RE size, bp
6007 RBS5xPro GATCCCAAAAGGCCAGCAAGTGTCT 62° 570 Smal 230
6008 RB3xPro TCAACGTCCCCTGAGAAAAACCGGA BspHIL  176/164
9691 RB5x1 CGTGCGCGCGCGTCGTCCT 62° 307 67 103 Ddel 153
9692 RB3x1 ACCCGGCCCCTGGCGAGGAC 154
10143 RBS5x2 GTITCTTTTTCACAGTAGTGTTATGTG 60 409 105 177  Hpal 214
10142 RB3x2 CGTGCCCGGCCTCAAACATTTTTAA 191
8202 RBS5Sx3 GCCATCAGAAGGATGTGTTACAA 58 477 150 211 Alul 243
8201 RB3x3 GGACACAAACTGCTACCTCTTAAAG 234
8203 RBS5x4 CCTTCCAAAGGATATAGTAGTGATTTG 58 445 133 192 Rsal 269
8204 RB3x4 CCAGGAAGCATTCAGAATGCATATT 176
8206 RB5x5 GAAGACTAATTGAGAGGATTAACTG 58 488 216 233 Ayl 218
8205 RB3x5 TGTCCTGAATCAATTCCACCTTATT Taql 142/128
8208 RB5x6 GAAACACCCAAAAGATATATCTGG 58 326 85 173 Alul 179
8207 RB3x6 CCAAGGTTGTTTCTAGTACCAG 147
7090 RBS5Sx7 ACTCTACCCTGCGATTTTCTCTCAT 60 430 76 243 Rsal 193/176

7091 RB3x7 CTTCTTGTCTCCCAAACCTCCATTTG 61



20085
20084

7095
7094

10145
10144

11289
11290

9987
9986

5528
5529

13679
13680

11293
11294

20877
23728

10604
10603

RB5x8
RB3x8

RB5x9
RB3x9

RB5x 10
RB3x10

RBSx11
RB3x 11

RB5x12
RB3x 12

RB5x13
RB3x13

RB 5x 14
RB3x 14

RB5x 15
RB3x16

RBSx 17
RB3x17

RB5x18
RB3x18

GACCTAAGTTATAGTTAGAATACTTC
CATGCTCATAACAAAAGAAGTAAA

TGCATGGGGGATTGACACCTCTAAC
CTACTTGGCTAGATTCTTCTTGGGC

TCTGTACCTCACTTTTAGATAGACC
CTGTTATAGGACACACAATTCAC

GACAACAGAAGCATTATACTGC
CCTGGCCTTCAATATATATTTCT

CCACAGTCTITATTTGAGGGAATG
GGTGAGCAAGGCAAATAGGTAAA

TAATAGGGTTTTTTAGTTGTACTGT
AATTTCTACAATGGCTATGTGTTCC

CTAAAATAGCAGGCTCTTATTTTTC
ATCTTGATGCCTTGACCTCCTGAT

ATTCAATGCTGACACAAATAAGGTT
TTCTCCTTAACCTCACACTATCC

ACTTCCAAAAAAATACCTAGCTCAAG
TTTGTTAGCCATATGCACATGAATG

ATGTACCTGGGAAAATTATGCT
CTATTTGCAGTTTGATGGTCAAC

35

60

60

55

60

60

58

55

55

316

316

492

294

465

570

212

361

315

221

81

106

170

90

146

220

42

70

69

59

92

132

212

231

233

113

30

49

43

Tagql
EcoR1
Bgin
Hinfl
Mboll
Bcll

Rsal

EcoRI1

Hinfl

Ndel

Dral

Bell

202
114

171
145

225/218
49

163
131

198
162/105

232
225/113

209
152

179
139

113
108

(continued)



Table 1 {continued)

Details of the Oligonucleotide Primers for Amplification and Analysis Using SSCP of the 27 Exons of RB1?

Temp, Full 5 3 Cut

Olgo  Location Sequence °C size,bp Intron Intron RE size, bp
17294 RB5x19 TATCTGGGTGTACAACCTTGAAGTG 62 349 223 116  Miul 218
9440 RB3x19 CACAGAGATATTAAGTGACTTGCCC 131
9438 RB5x20 TICTCTGGGGGAAAGAAAAGAGTGG 60 350 153 151  Hpall

or Mspl 177
14928 RB3x20 AGTTAACAAGTAAGTAGGGAGGAGA 73
9436 RB5x21 GACTTTCAAACTGAGCTCAGTATGG 58 363 148 88  Ndel 191
17296 RB3x21 GGTCAGACAGAATATATGATCTC 172
9434 RB5x22 GCAGCTATAATCCAAGCCTAAGAAG 60 363 193 56  Bcll 210
9433 RB3x22 GTTTTGGTGGACCCATTACATTAGA 153
9694 RB5x23 TCTAATGTAATGGGTCCACCAAAAC 58 420 62 194  BspNI 186
9695 RB3x23 CATCTTGCGTTGCTTAAGTCGTAAA Alul 136/98
9696 RBS5x24 TAAAACTAAGAGACTAGGTGAGTAT 58 579 205 343 BstEIl  235/200
9697 RB3x24 TAGATTTGGGTGAGAAAAAAATCTC Hindlll/  93/50

BspNI
9991 RBS5x25 ATTTGGTCCAATGAAGCAGAAAATT 60 382 142 97  Bsp- 198
17249 RB3x25 ATGAAAGAAATTGGTATAAGCCA 1286 1 184



Table 1 (continued)

Details of the Oligonucleotide Primers for Amplification and Analysis Using SSCP of the 27 Exons of RB12

Temp, Full 5 3 Cut

Oligo  Location Sequence °C size,bp Intron Intron RE size, bp
17294 RB5x19 TATCTGGGTGTACAACCTTGAAGTG 62 349 223 116 Miul 218
9440 RB3x19 CACAGAGATATTAAGTGACTTGCCC 131
9438 RB5x20 TTCTCTGGGGGAAAGAAAAGAGTGG 60 350 153 151 Hpall

or Mspl 177
14928 RB3x20 AGTTAACAAGTAAGTAGGGAGGAGA 73
9436 RBS5x21 GACTTTCAAACTGAGCTCAGTATGG 58 363 148 88  Ndel 191
17296 RB 3 x 21 GGTCAGACAGAATATATGATCTC 172
9434 RB5x22  GCAGCTATAATCCAAGCCTAAGAAG 60 363 193 56  Bcell 210
9433 RB3x22 GTTTTGGTGGACCCATTACATTAGA 153
9694 RB5x23 TCTAATGTAATGGGTCCACCAAAAC 58 420 62 194  BspNI 186
9695 RB3x23 CATCTTGCGTTGCTTAAGTCGTAAA Alul 136/98
9696 RB5x24 TAAAACTAAGAGACTAGGTGAGTAT 58 579 205 343 BstEIl  235/200
9697 RB3x24 TAGATTTGGGTGAGAAAAAAATCTC HindIll/  93/50

BspNI
9991 RBS5x25 ATTTGGTCCAATGAAGCAGAAAATT 60 382 142 97  Bsp- 198
17249 RB3x25 ATGAAAGAAATTGGTATAAGCCA 1286 1 184



17250 RB5x26  GTCATCGAAAGCATCATAGTTACTG 60 394 86 258  Nsil 252
9992 RB3x26 TGAATGTGGTCAAGCAATGTTTCACI142

10609 RB5x27 AAGGTCCTGAGCGCCATCAGTTTGA 62 218 108 39

10608 RB3x27 GAGGTGTACACAGTGTCCACCAAGG

10605 RB5xPA GITTTTAGGTCAAGGGCTTAC 58 375 Rsal 162
10606 RB3xPA ATCTCTAGCATATAGAGCCCCTT 111/102

@The location of each primer is shown (i.e., 5 x 1 =5' primer for exon 1, and so on). Pro = the promoter region. PA = poly A signal sequence. The
annealing temperatures for PCR amplification and the sizes of the flanking 5' and 3' introns are shown as well as restriction enzymes (RE) used to
digest PCR products and sizes of the resultant fragments. Both the promoter region and exon 1 required 10% DMSO in the PCR reaction.

bPrimers 11293 and 11294 amplify 80 bp of intron sequence between exons 15 and 16.



132 Hogg

limit for fragment length for SSCP analysis. Therefore, it is necessary to digest
the products with appropriate restriction enzymes (Table 1) prior to analysis.
Finally, the double-stranded (DS) DNA is denatured and electrophoresed on a
“nondenaturing” polyacrylamide gel containing 10% glycerol, which acts as a
mild denaturant. Although the PCR product is denatured by heating to 95°C
and cooled on ice prior to loading on the gel, DS DNA still can be visualized.
However, SS DNA is sufficiently abundant to produce an intense signal after
just an overnight exposure of the resultant autoradiograph. Electrophoresis of
an undenatured sample enables the position of the DS DNA on the gel to be
determined, making it easy to identify which are the SS DNA molecules. SS
DNA from individual exons will not always produce only two bands. Often
three or four SS DNA species will be seen and are presumed to represent
different conformations of the same SS DNA molecule. Some SS DNA bands
may be more intense than others, indicating that some conformations may
be favored more than others or that more than one species is migrating to the
same position,

3.4.1. Production of DNA for SSCP Analysis

In order to visualize the DNA after analysis on polyacrylamide gels, radio-
labeled dCTP is added to the PCR reaction mix. The concentration of “cold
dCTP” in the ANTP mixture is reduced by a factor of 10-fold relative to the
other dN'TPs to promote incorporation of labeled dCTP.

3.4.2. PCR

Prepare the PCR reaction mixture on ice, as described in Section 2., except
for the following modifications.

1. Use the SSCP dNTP mix.
2. Add 1 uL (10 uCi) of [a-32P]dCTP (3000 Ci/mmol) to the PCR reaction mixture.

3.4.3. Agarose Gel Electrophoresis

1. Following amplification, remove most of the mineral oil layer from the surface
of the PCR product.

2. Prepare a 1.5% agarose gel in TAE agarose gel running buffer. Add 3 pL of
neutral loading dye to 5 pL of the PCR product and electrophorese until the
bromophenol blue dye front, which migrates ahead of xylene cyanol, has tra-
versed 2/3 of the gel. Load a DNA size marker, which includes DNA from 50 bp
to 1 kb, on the gel to assess the sizes of the DNA.

3. Assess the quality and quantity of the DNA by placing the gels on a UV
transilluminator. A single product and residual primers should be visualized. The
DNA either is digested with an appropriate restriction enzyme (see Section 3.4.4.)
or diluted as described in Section 3.4.5., if it already is <250 bp long.
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3.4.4. Restriction Enzyme Digestion of PCR Products

In order to digest PCR products, remove 15 uL of the amplified DNA (Sec-
tion 3.4.2.), from beneath the oil and incubate it overnight with 8 U of the
appropriate restriction enzymes (Table 1) at 37°C (65°C for Tag 1 and 50°C
for Bcl 1). In order to check that the DNA is digested, add 5 uL of TE and 3 pL
of neutral loading dye to 5 pL of the digested product and electrophorese 1t in
a 1.5% agarose gel (see Section 3.4.3.).

3.4.5. Sample Preparation

Remove a 5-pL aliquot of the PCR product from (Section 3.4.2.) or digested
DNA from (Section 3.4.4.) from beneath the oil. Add the DNA to 40 pL of
0.1% SDS/10 mAM EDTA and mix. Add 2 pL of this mixture to 2 uL of poly-
acrylamide gel loading dye and mix. The samples may be stored at —20°C for
up to 1 wk before analyzing on a nondenaturing gel.

3.4.6. Preparation of Nondenaturing Gels

The DNA is analyzed on 0.3 mm x 40 ¢m x 30 cm, 6% polyacrylamide
“nondenaturing” gels contamning an N,N'-methylene bisacrylamide (bis) to
acrylamide ratio of 1:20. The addition of 10% glycerol gives the best separa-
tion of normal and mutant DNA. However, it is possible that for certain muta-
tions some variations of these conditions are necessary for detection (see Note 8).

Prepare the gel by mixing 27 mL of 40% acrylamide (bis:acrylamide 1:20),
18 mL of 10X TBE and 18 mL of glycerol. Adjust the volume to 180 mL with
distilled water. Mix the gel gently on a magnetic stirrer for 15 min. Vigorous
mixing should be avoided at this stage because undue aeration of the gel will
prolong polymerization that, in turn, may result in excessive leakage of the gel.
Before pouring the gel, add 130 pL of TEMED (N,N,N'N'-tetramethyl-
ethylenediamine) and 1.1 mL of freshly prepared 10% ammonium persulphate
(APS) to the gel solution to catalyze polymerization. Store APS in a desiccator
to prevent water absorption. After pouring the gel, insert the gel combs and
leave it for 45 min to polymerize. After the gel has polymerized, cover the top
with paper towels soaked in 1X TBE to prevent the wells from drying out.

3.4.7. Gel Electrophoresis

Leave the gel for at least 2 h at 4°C to ensure it cools sufficiently. One and a
half liters of 1X TBE running buffer should also be left at 4°C. Electrophoresis
at 4°C generally gives better separation of normal and mutant DNA (8) com-
pared to room temperature. Air circulation systems, such as fans, create tem-
perature gradients in the local environment that cause DNA samples to migrate
faster on one side of the gel relative to the other. The position of the gel tank in
the cold room is, therefore, critical to the accurate interpretation of gels. If the
dye front does not run straight, 1t is essential that the gel tank 1s repositioned.
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Prior to loading, denature the DNA samples at 95°C for 3 min Rinse the gel
wells using a syringe and needle in 1X TBE to remove residual polyacryla-
mide. Following denaturation, place the samples on ice immediately for 30 s to
prevent renaturation then briefly microfuge and return to ice before loading
them into the gel wells. Run at least six different samples for any one exon in
adjacent wells so that any variation in the positions of the resultant bands can
be seen clearly An undenatured sample, which 1s not heated at 95°C, should
also be analyzed to establish the position occupted by the double-stranded
DNA Electrophorese at 4°C for 46 h at 60 W 1n 1X TBE. The duration of
electrophoresis is dependent on the length of the DNA fragments. Exons 7, 10,
and 24 require a shorter run to preserve DNA <100 bp long and should be run
until the xylene cyanol dye front 1s 5/8 of the way through the gel, which
generally requires 4.5-5.5 h. For DNA fragments >110 bp, electrophorese the
gels until the xylene cyanol lagging dye front has traversed 2/3 of the gel.
Exons 10 and 24 require two runs on separate gels, a short one for fragments
<100 bp and an additional run for 6 h to achieve adequate resolution of the
larger fragments >200 bp.

Following electrophoresis, dry the gel in a vacuum gel dryer for 1-2 h. Fixa-
tion of SSCP gels 1s not required. Expose the gel to Kodak XAR-5 film for
12—72 h at —70°C without an intensifying screen that otherwise tends to blur
the 1mage.

Any samples that show differences in the final position of the bands on the
gel (Fig. 1) should be sequenced as described herein.

There are several polymorphisms (Table 2) in the RB1 gene which will be
detected using SSCP. The presence of a repeated pattern of bands in several
DNA samples on SSCP gels may suggest a polymorphism. At least one of the
samples showing such a pattern should be sequenced to confirm the presence
of a polymorphism

3.5. Sequencing of Biotin-Labeled Affinity Purified DNA

Once a bandshift 1s observed on an SSCP gel, the DNA should be sequenced
to confirm and identify the mutation. There are several ways of sequencing
directly from DNA produced using the PCR. Essential to the success of any
direct sequencing protocol is the preparation of single-stranded DNA. One of
the simplest and most reliable methods is to use the biotin/streptavidin mag-
netic bead procedure. In the protocol described 1n the following, one of the
primers used to amphify the DNA template for sequencing 1s biotinylated.
Streptavidin-coated magnetic beads to which biotin binds with a strong affin-
ity are used to capture the biotinylated DNA. The nonbiotinylated strands are
removed by denaturing the double-stranded DNA using sodium hydroxide and
the DNA is ethanol precipitated. Thus, this procedure yields two relatively
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Table 2
RB1 Polymorphisms
Exon Location Polymorphism Ref.

4 23 bp 1n 3' intron Gor A 15

9 108 bp 1n 3' intron 90r10T Yandell?
10 58 bp 1n 3' intron GorA Yandell®
15 14 bp in 5' intron AorT Yandell®
26 10 bp in §' intron TorA 16

2 Personal communication.

pure populations of single-stranded DNA that can be used as sequencing tem-
plates to confirm the mutation on both DNA strands. The principle is shown in
the following (Fig. 2).

3.5.1. PCR Amplification

Amplify the relevant exon using PCR, as described n Section 3.3., using
one primer (from Table 1) that has a biotin moiety attached during DNA syn-
thesis at the 5' end (see Note 6).

Prepare the PCR reaction mixture on ice, as described in Section 3.3. except
for the following modification. It is neccessary to reduce the amount of prim-
ers in the reaction to 5—15 pm to avoid saturating the streptavidin-coated beads
with excess primer in preference to full-length PCR amplification products.
The amount of primer required will vary from 5—15 pm and may need to be
optimized if the intensity of the sequencing ladder is poor.

3.5.2. Purification of Single-Stranded DNA

1. Remove the supernatant from a 30-uL aliquot of resuspended magnetic strepta-
vidin-coated beads. A magnetic rack 1s available from manufacturers of mag-
netic beads to immobilize the beads, allowing removal of supernatant

2. Wash the beads twice with 100 pL of STE.

3. Remove the excess mineral oil from the amplified PCR product. Add the DNA to
the washed beads and gently resuspend

4 Adsorb the DNA to the beads for 5 mmn n a 28°C waterbath with occasional
gentle mixing

5 Following adsorption of the DNA to the beads, place the tube in the magnetic
rack for 30 s and remove the supernatant (containing excess, unbound DNA)
with a pipet.

6. Remove the tube from the magnet and resuspend the beads in freshly prepared
0.15M NaOH. Leave for 5 min to denature the double-stranded DNA.

7 Place the tube 1n the magnet for 30 s, remove the supernatant that contains the
nonbiotinylated DNA and set aside
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1. DNA TEMPLATE
2. PCA
Biotinylated primer
J—— — +
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non-biotinylated primer
3. ADSORB Biotinylated DNA

o

non-biotinylated DNA

=

streptavadin

X

magnet * dynabead

5. SEQUENCE
- dideoxy sequencing reactions performed on both

the non-bictinylated strand and biotinylated single-
stranded DNA

Fig. 2. Sequencing using magnetic streptavidin-coated beads (see fext for details).

8. Wash the beads, with the biotinylated strand attached, in 100 pL of STE, fol-

lowed by distilled deionized water and finally, resuspend in 5 pL of water.

The immobilized biotinylated DNA can be sequenced while still bound to the

beads. The nonbiotinylated strand can be eluted and sequenced following ethanol
precipitation.

9. Precipitate the nonbiotinylated strands eluted in step 7 by adding 10 pL of 3M

sodium acetate, pH 5.2 and 250 pL of 100% ethanol and leave overnight at—70°C.
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10.

11.

Table 3

Conditions for sequencing gels

Length from Polyacrylamide Time of

3' end of primer concentration electrophoresis, h
10200 bp 6% 2
65-300 bp 6% 4

Up to 320 bp 4% 3

Recover the nonbiotinylated DNA by centrifugation at 12,000g in a microfuge
for 20 min, wash the pellet in 75% ethanol, and resuspend in 5 pL of water
Sequence the biotinylated and nonbiotinylated DNA using a dideoxy sequenc-
ing kit.

3.5.3 Sequencing

Any commercially available dideoxy sequencing kit should be suitable to
use for sequencing., Adhere to the manufacturer’s instructions, making sure to
observe the following:

1

In order to ensure that extension from the primer during the labeling step (when
dideoxy nucleotides are not present) is minimal, dilute the labelling mix 1.15 to
allow the sequence close to the primer to be read.

For exon 17, use the 7-deaza-dGTP analog that forms weaker bonds with dCTP
i place of dGTP This will improve the quality of the sequencing for this exon
Use erther 4 or 6% polyacrylamide (0.3—0.6 mm) thick wedge gels for analyzing
the products of sequencing reactions depending on the length of the sequence to
be resolved on the sequencing gel (see Table 3).

3.5.4. Preparation of Sequencing Gels

1.

w

Prepare 4 or 6% denaturing polyacrylamide gels (6 or 4% polyacrylamide, 7M
urea). For 6% gels, combine 27 mL of 40% acrylamide (containing 1.20 bus
acrylamide:acrylamide), 75.6 g of urea, 18 mL of 10X TBE pH 8.3, and water to
180 mL. For 4% gels, use 18 mL of 40% acrylamide. Dissolve the urea by gently
heating the mixture Pour a wedge gel (0 2—1 0 mm thick).

Flush the wells with 1X TBE using a needle and syringe before loading the
samples onto the gel.

Denature the DNA samples at 95°C for 3 min before loading on the sequencing gel

Electrophorese the gels at room temperature 1n 1X TBE buffer The time of electro-
phoresis will depend on the length of the sequence to be read (see Table 3) It 1s also
possible to do both a 2- and a 4-h run on the same gel by staggering the loading times.
Following electrophoresis fix the gel in a 10% methanol/10% acetic acid bath
for 45 min

Dry the gel in a vacuum dryer and expose to XAR-5 (Kodak, Rochester, NY)
film overnight
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4. Notes

1. Inhibitors present in blood, such as hemoglobin, reduce the yield of product in
the PCR reaction A volume of 2 pL of blood 1s usually optimal Using less blood
decreases the yield of DNA because there 1s insufficient template present in the
reaction. The proportion of mhibitors 1n the blood sample may vary between
individuals and if a poor yield results, aliquots of blood ranging between 0.5 and
10 pL should be used to obtain the optimal yield of DNA

2. The primers and conditions histed 1n Table 1 were optimized for a water-cooled
thermocycler using a heating and cooling rate of 48°C/min, but should be suit-
able for any thermocycler

3 Ohgonucleotide primers are synthesized on a phosphoramidite column Store the
primers as a precipitate in 80% ethanol at —70°C until required, at which stage
they should be spun in a microfuge for 10 min Remove the supernatant and
resuspend the pellet in H,O or TE at a concentration of 0 5 mM

4 Itis necessary to store the INTP mix 1n small aliquots so that they are not repeat-
edly thawed and frozen, otherwise, amplification soon deteriorates

5. Inorder to reduce secondary structure, add 5 pL of dimethylsulfoxide to the reac-
tion when exon 1 or the promoter region, which both have a high guanine and
cytosine content, are amplified. Otherwise, aberrant PCR amplification products
may be obtained.

6. The oligonucleotide primers used for SSCP can be biotinylated during synthesis
if required for sequencing by the biotin/streptavidin magnetic bead method (see
Section 3.5 1) Biotinylation of oligonucleotide primers used for SSCP will not
mterfere with the detection of mutations by SSCP (8)

7 If whole blood 1s used, prepare the sample as described 1n Section 3.2, If purified
DNA s used, proceed to step 2 (Section 3.3.)

8 Studies of RB1 mutations in Rb tumors have demonstrated that 60% are point
mutations, 30% are deletions (<50 bp), and 10% are insertions or complex
mutations (8,/0) Similar results are now emerging from studies of mutations
lymphocytes from individuals with Rb (/7). RB1 mutations frequently generate
premature stop codons (70). Premature stop codons can arise as a result of frame-
shift mutations created by insertions or deletions or can be owing to point muta-
tions. Arginine CGA codons 1n RB1 are frequently sites of CpG — TpG
mutations creating TGA stop codons (10,17)

SSCP analysis will detect approx 70-75% of mutations 1n RB1 (Cowell, per-
sonal communication). The reason that mutations are not detected 1n all cases
using SSCP 1s presumably because 1t is not 100% sensitive and may miss some
mutations. Analysis at 4°C improves the sensitivity of SSCP significantly (8)
However, 1t 1s possible that for some mutations other conditions will be optimal
and a second round of SSCP using different condition may be advisable For
mnstance, analysis of mutations at 4°C 1n gels lacking glycerol may be better for
some mutations with less stable secondary structure.

Problems may arise because SSCP may not detect large rearrangements or
deletions DNA 1n which mutations are not detected may require rescreening
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using Southern blotting. It would be advisable in a mutation screening pro-
gram, however, to perfoim Southern blotting and cytogenetic analysis in those
cases where a mutation was not detected by SSCP. In addition, 1t may be neces-
sary to sequence every exon 1n those few cases when a mutation is not identified
using SSCP.

Care must be taken in the interpretation of RB1 mutations. Most RB1
mutations will generate premature stop codons and there 1s evidence that mis-
sense mutations may be associated with a milder expression of the RB1 pheno-
type (9,78). In addition, it 1s possible that rare polymorphisms occastonally may
be detected.
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Mutational Analysis of the Wilms’ Tumor (WT1) Gene

Linda King-Underwood and Kathy Pritchard-Jones

1. Introduction

Mutations of the Wilms’ tumor (WT1) gene have been shown to underlie a
proportion of cases of Wilms’ tumor, an embryonal kidney cancer occurring
mainly in childhood. The WT1 gene comprises teti exons spanning approx 50
kb of genomic DNA. The messenger RNA 1s approx 3 kb in length and encodes
a zinc finger protein. The four zinc fingers, which lie at the C-terminal end of
the protein, are encoded by separate exons 7-10. The 5' end of the gene is
extremely GC-rich, with areas approaching a 70% GC content. This makes this
region difficult to amplify in polymerase chain reactions.

Mutational analysis of the WT1 gene has been undertaken at both the DNA
(1-9) and RNA level (10,11). Most workers have used the single-stranded con-
formational polymorphism (SSCP) technique (2—-/1), a few have used the mis-
matched-chemical cleavage technique (7). Comparative studies have shown
nearly equal sensitivity of these two techniques and of denaturing gradient gel
electrophoresis (DGGE) in p53 mutational analysis (72). An exon-by-exon ap-
proach has become the most commonly used for analysis of the WT1 gene
coding region and splice donor and acceptor sites. One worker has attempted
to speed up the process by using SSCP analysis of reverse transcribed RNA
(10,11). This generates large PCR products, of the order of 600 bp, which need
to be digested with restriction enzymes down to a suitable length for optimal
SSCP analysis. However, incomplete digestion of the PCR product may pro-
duce extra bands which falsely suggest the presence of mutation. This RNA-
based approach does have the advantage that it will detect small deletions of
entire exons and intronic mutations affecting splicing, Table 1 lists the primer
sets used for WT1 gene mutational analysis in our laboratory (see Note 1).
Many of these primer sequences were first chosen by other workers, as indicated.

From Methods in Molecuiar Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc , Totowa, NJ
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Table 1
Primer Sequences and PCR Conditions for Amplification of Exons 1-10 of the WT1 Gene

Primer Final Annealing Product

Exon name Ref. Primer sequence 5" to 3' Mg?*, mM temp., °C size, bp

1 Bl or (11) AGCAGTGCCTGAGCGCCTT 1.5¢ 65 251

C550 CCGCCTCACTCCTTCATCA 157 65 309

JR1 TCCTAGAGCGGAGAGTCCCTG

2 C147 AAGCTTGCGAGAGCACCGCTG 1.0° 59 231
3x2 (7) AGAGGAGGATAGCACGGAAG

3 C149 GGCTCAGGATCTCGTGTCTC 10° 60 271
C150 CCAAGTCCGCCGGCTCATG

4 C486 AAACAGTTGTGTATTATTTTGTGG 15 55 225
C152 ACTTTCTTCATAAGTTCTAAGCAC

5 Cl153 CAGATCCATGCATGCTCCATTC 1.0 55 176
Ci154 CTCTTGCATTGCCCCAGGTG

6 C178 AAGCTTCACTGACCCTTTTTCCCTTC 20 55 231
C177 GAATTCCAAAGAGTCCATCAGTAAGG

7 C155 GACCTACGTGAATGATCACATG 15 50 349
945 (D ACAACACCTGGATCAAGACCT

8 C323 CCTTTAATGAGATCCCCTTTTCC 1.5 55 191
3x8 (7) AGGGAACACAGCTCGCAGCAATGAG

9 5%x9 (7) TAGGGCCGAGGCTAGACCTTCTCTG 1.5 60 204
3x9 ) ATCCCTCTCATCACAATTTCATTCC

10 5x10 GTTGCAAGTGTCTCTGACTGG 2.0 59 235
B4 9) GGAGTGGAGAGTCAGACTTG

Primers are listed mn pairs with 5' (sense) first, followed by the 3' (antisense)
@These prumer pairs required the addition of 1% formamide to the reaction muxture Primer sequence prefixed C were selected at the MRC
Human Genetics Unit, Edinburgh.
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2. Materials

Stock solution should be aliquoted into volumes suitable for performing
50—100 PCR reactions, so that each aliquot 1s only in use for a few days. The
“master mix” for the PCR reaction should be set up either before the DNAs to
be analyzed are handled or after a change of gloves (see Note 2).

1 Plasticware: Plasticware (1.e , microfuge tubes and tips) ts either purchased as
sterile items or autoclaved Plugged tips are used throughout.

2 Water: Sterile distilled or deionized water is used and kept 1n aliquots specifi-
cally for PCR to avoid contamination.

3 10X PCR buffer: 500 mM KCI (1M autoclaved stock), 100 mM Tris-HCL, pH 8 3
(1M autoclaved stock), 1020 mM MgCl, (1M autoclaved stock), and 0.01%
gelatin (1 mg/1 mL filter sterilized stock). Make up in sterile distilled water and
store at —20°C 1n small aliquots.

4 50X dNTPs for standard PCR: 10 mM each of dATP, dCTP, dGTP, and dTTP
diluted with sterile distilled water from commercially available 100 mM solu-
tions. Store at —20°C 1n small aliquots

5. 50X dNTPs for SSCP: 10 mM each dATP, dGTP and dTTP; 1 mAM/ dCTP diluted
with sterile distilled water from commercially available 100 mM solutions. Store
at—20°C in small aliquots.

6 Oligonucleotide primers Dilute to 25 pM and store 1n small aliquots at —20°C

7 Formamide dye (stop solution): 95% formamide, 20 mM EDTA, and 0 05% each
of bromophenol blue and xylene cyanol FF, Store at —20°C n small aliquots

8 40% acrylamide: bisacrylamide solution, 19 1 This can be purchased from many
supphiers. Store at 4°C.

9 10X TBE 108 g Tris-base, 55 g boric acid, and 40 mL of 0 SM EDTA Make up
to I L and autoclave. Store at room temperature.

10 Ammonium persulfate 10%: One gram of ammonium persulfate 1s dissolved
10 mL distilled water This should be made fresh each time or stored at —20°C.

11 TEMED- N' Tetramethylethylenediamine.

12. Glycerol

13. a*?P dCTP.

3. Methods
3.1. SSCP

For convenience, PCRs are usually carried out overnight and run on gels
during the next day. Up to 40 samples, plus controls, can be run on one gel.
Polyacrylamide gels are poured and allowed to cool to 4°C overnight.

3.1.1. Genomic DNA PCR
1. 50-100 ng of genomic DNA are diluted to 5 puL with water in 0 5-mL microfuge
tubes and placed at 4°C until required
2. The remaining ingredients are mixed at room temperature mma 1 S-mL screw-cap
microfuge tube as follows, scaling up the volumes for the number of samples and
adding the required amount of water first. The mix per sample 1s: 2 5 uL 10X
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PCR buffer, 0 5 uL 50X dNTP mix for SSCP, 0 5 pL each of the two primers,
0.1 uL (0 1 uC1) «*?P dCTP, 0 5 U Taq polymerase, and water to 20 pL

3 Fhick the tube and centrifuge to collect all the liquid at the bottom To the diluted
DNA (5 uL) add 20 pL of reaction mix (total reaction volume 25 uL). A small
volume of mineral o0il (one drop) is then added to stop evaporation, and the tubes
are immediately transferred to the PCR heating block

4. Amplification is carried out as follows using the annealing temperatures shown
m Table 1 (see Note 3):
a lstcycle' 94°C for 4 min, annealing temperature for 1 min, and 72°C for 2 min.
b. 2ndto35thcycle’ 94°C for 30 s, annealing temperature for 1 min, and 72°C for 1 min
¢. Final cycie 72°C for 5 min

3.1.2. Acrylamide Gel Electrophoresis

1 A 6% acrylamide, 10% glycerol gel 1s prepared The standard sequencing gel
format 1s used with 0.4-mm spacers and a 48-well sharkstooth comb. For 80-mL
of gel solution the following ingredients are mixed: 52 mL water, 8 mL 10X
TBE, 8 mL glycerol, and 12 mL 40% acrylamide stock Forty microliters of
TEMED and 300 pL of 10% ammonium persulfate 1s added immediately before
pouring the gel Once 1t is fully polymerized, the gel 1s put at 4°C overnight, along
with the required amount of 1 X TBE for the sequencing gel electrophoresis tank

2 Following ampiification, the tubes are briefly centrifuged. Some 2—4 pL from
each reaction are added to 8 pL. of formamide dye in a 0 5-mL tube and heat-
denatured at 95°C for 3 min A duplicate tube of one or two samples is not heated,
to serve as a double-stranded control. Two-and-one-half microliters of each
sample are loaded onto the gel and electrophoresed at 40W for 5—6 h at 4°C

3. At the end of the run, transfer the gel to filter paper and dry using an 80°C gel
drier. Expose the dried gel to X-ray film for 1-5 d at room temperature, or for
shorter times at —70°C with intensifying screens Some examples of SSCP gels
are shown 1n Fig. 1 (see Notes 4-7)

3.2. Sequencing of Mutations

Samples with altered band patterns are checked by direct sequencing of
purified PCR products, using the PCR primers or internal primers where
required. Set up 2 x 50 uL PCR reactions for each sample, using the same
recipe as for the SSCP PCRs, but using standard 50 x dNTPs and omitting
the radiolabeled dCTP. The PCR program remains the same as for SSCP.
Cut the PCR products out of low melting-point agarose gels and purify using
Wizard PCR Preps (Promega) (see Note 8). Sequencing is carried out using
Sequenase (Amersham) in a method optimized for double-stranded PCR prod-
ucts (13) (see Note 9). Alternatively, the purified PCR products can be
subcloned into plasmid or bacteriophage vectors designed for that purpose,
although many clones have to be sequenced for each sample to eliminate errors
caused by Tag polymerase during the amplification process. Some examples
of sequencing results are shown in Fig. 2.
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Fig. 1. SSCP of exons 7, 8, and 9 of WT1. Arrows mark the position at which the
double-stranded PCR products migrated. Unmarked lanes are samples with normal
sequence. Numbered lanes are samples found to contain mutations. (A) Exon 7. *,
samples heterozygous for the A/G polymorphism at the beginning of the exon. (B)
Exon 9. (C) Exon 8. Three different band patterns can be seen but all the samples had
wild-type sequence.
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Fig. 2. Sequencing of samples with altered SSCP bands. (A) The 5' end of exon 7
showing an individual homozygous A/A (left) and one heterozygous A/G (right). (B)
The 5' end of exon 7 showing sample 132, which has a heterozygous 5-bp insertion
after codon 300. The altered sequence is superimposed on the sequence of the normal
allele, starting at the arrow. (C) Part of exon 9 showing a heterozygous C to T point
mutation in sample 232M, which changes Arginine**® CGA to a STOP codon TGA.

4. Notes

1. The primer sequences shown in Table 1 are used mainly because they were avail-
able in the laboratory and in general gave a suitably sized product. However, we
have not compared several different primer pairs for each exon so these are not
necessarily the optimal combinations for SSCP. Some of the PCR products cover
intron sequences containing polymorphisms, which, while they are useful posi-
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tive controls for the SSCP, may complicate the band patterns. The PCR product
for exon 3 contains two polymorphisms The first 1s a C to T change 1n the 5'
intron 21 bp downstream of primer C149 and the second is a G to A change 16 bp
downstream from the end of the exon sequence, The 3' primer for this exon could
be replaced by that used by Gessler et al. (2). There 1s a T to G polymorphism 1n
the exon 7 product, 5 bp upstream of primer 945. Gessler et al. (2) use a different
primer, which could be substituted for 945 and would avord this polymorphism.
Two different 5' primers are shown for exon 1 Exon 1 1s very GC rich and thus
difficult to amplify Either set of primers works well, but both only cover the 3'
end of the exon.

2. All work mvolving amplication by the polymerase chain reaction must be exer-
cised with extreme caution to prevent contamination of stock solutions. Mea-
sures should include having a dedicated set of pipets for PCR set-up work and the
use of plugged pipet tips Mixing of solutions by pipeting up and down should be
avorded Stock solutions should be made in bulk using stenle distilled water taken
from a laboratory where there 1s no plasmid work with the same gene.

3. These conditions are for a Hybaid Omnigene thermal cycler with a tube ther-
mustor Times may need to be adjusted for other manufacturers’ machines, par-
ticularly 1f they use block or simulated tube temperature control.

4 The decision as to whether an individual sample shows an altered banding pattern
can sometimes be difficult If a subtle blurring of the band 1s seen, then rerunning
of the PCR products for a much longer electrophoresis time may resolve an altered
band. When a consistently altered band ts seen n several unrelated samples, this
usually represents either a polymorphism or lack of mutation that can be detected
on direct sequencing Sometimes the altered band pattern is unexplained

5 Optimization of the SSCP conditions in terms of gel glycerol content, TBE com-
posttion, and electrophoresis temperature and speed has to be performed with a
known mutant for each exon as a positive control If no naturally occurring
mutants are available, then they can be created by cloning PCR products for that
particular exon and sequencing a sufficient number (usually 10-20) to detect a
point mutatton introduced by the Taq polymerase.

6 Some of the exons also contain silent base changes 1n the coding sequence. Exon
1 has a C to T change at the third base of Asparagine 130 and exon 7 has an A to
G change at the third base of Arginine 301 (Figs. 1 and 2).

7. Figure 1C shows the band patterns seen for exon 8. Similar bands were seen
under different gel-running conditions, always in the same samples. Samples
with all three different patterns have been sequenced several times but all are
completely normal No explanation for the altered bands has been suggested
so far,

8 A vanety of other methods are available for purifying PCR products.

9 Many sequencing methods have been published and may be equally as good (see
also protocol i Chapter 12 [Booth])
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Single-Strand Conformation
Polymorphism Mutation Analysis of the p53 Gene

Mark J. Booth

1. Introduction

Single-strand conformation polymorphism (SSCP) 1s a rapid and convenient
procedure by which differences in the base composition of short DNA strands
may be detected (7,2). A useful application of this is in the comparison of poly-
merase chain reaction (PCR) generated products from gene coding sequences of
unknown or patient material with a known wild-type standard; where any devia-
tion of the banding pattern produced by the former from that produced by the
latter indicates a posstble mutation within the sequence of that product.

The principle of this technique is shown in summary in Fig. 1. Through a
modified PCR, radiolabeled products of the unknown and wild-type sequence
are produced. These strands are then heat denatured and subsequently separated
by electrophoresis on a nondenaturing polyacrylamide gel. Under these condi-
tions the single-stranded DNA will form a unique secondary structure owing to
intra-strand hydrogen-bonds and base-stacking, wholly dependent on the base
composition. Separation during electrophoresis 1s then determined solely by the
different migration rates of the structures so formed. Autoradiographic detection
of the banding pattern produced by each PCR product indicates any migrational
differences of the unknown from the wild-type and a need to then sequence
that product for conformation and clarification of the mutation present.

The advantages of SSCP over other techniques of mutational analysis (such as
RNase protection, chemical cleavage mismatch, or denaturing gradient gel elec-
trophoreses) is its relative simplicity and speed with which a large number of
samples may be screened simultaneously. Under suitable conditions this tech-
nique is capable of detecting over 90% of mutations occurring within any
sequence; as little as 1 nucleotide change causing an easily identifiable band shift.

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press inc, Totowa, NJ
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Fig. 1. Schematic of SSCP procedure for mutational analysis. (A) Modified PCR
creates radiolabeled product from known normal and unknown mutated ( [J ) tem-
plate. (B) Heat denaturation and snap-cooling reduces DNA to single strands and al-
lows unique ntrastrand secondary structure to form (C) Nondenaturing PAGE allows
separation of the strands detectable by autoradiography. Band shifts in the unknown
mdicate possible presence of mutation.

p53 1s already well characterized as one of the most frequently altered genes
(3), up to 60—70% within a diverse variety of malignancies (4). Although span-
ning over 20 kb much is repetitive and generally 1t is acknowledged that the
most frequently observed mutations are point mutations within the highly con-
served regions spanned by exons 59, with as many as 90% identified in exons
5, 7, and 8 (5). SSCP then, provides an ideal technique for basic mutational
analysis of this p53 “hotspot” region

As with all protocols mnvolving the use of radiolabelled ligands (particularly
32p), especial care should be taken and all advised safety precautions strictly
adhered to: 1.e., a designated and isolated work area; at least 1 cm of perspex
shielding between any isotope and the operator at all times.
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Consideration of the PCR reaction is of significant importance for success-
ful analysis by SSCP. A single, well-defined product s required and good
primer design is therefore essential to limit any nonspecific priming. For sug-
gested primers see Fig. 2. GC rich regions should be avoided as these tend to
be areas of secondary structure, whereas areas of high AT content will reduce
annealing temperatures and may therefore contribute to background products.
Primers of 20-25 bps in length with a 45-55% GC content and avoiding primer
end complementarity are usually satisfactory for SSCP requirements. Anneal-
ing within the intron, 30-50 bps away from the exon, allows the inclusion of
splice site and branch point regions within the analysis. Suitable cycle tem-
peratures and times will vary depending on the machine used, but it has been
generally found that those listed have proven adequate with the primers sug-
gested. Ramp rates should be at the maximum available and cycle number not
excessive or reaction specificity may be reduced; 40 generally being a maximum.

PCR-SSCP analysis is limited in that 1t can only be used to differentiate a
mutationally altered product from the normal 1f the DNA template population
of the suspected mutant contains at least 10% mutated sequence. It may
therefore be necessary in some cases to enrich for the suspected mutant DNA
prior to analysis; such as flow sorting of a specific neoplastic component from
a heterogeneous cell population where contaminating normal cells are in a
greater than 90% majority (35).

The final factor of prime importance in being able to determine whether a
mutation 1S present or not 1s the content of the polyacrylamide gel and the condi-
tions under which it 1s run. The suggested condttions for this protocol will allow
90% of mutations to be detected. However, it should be made aware that other
sets of conditions for successful running and band shift determnation are not
only possible, but necessary if 100% of all possible mutations are to be 1dentified.
Suggested alternatives of gel/run permutations therefore have been made (6).

2. Materials

1. 10X Taq polymerase reaction buffer: 500 mM KCl, 100 mM Tris-HCI, pH 9 0,
1.0% v/v Triton X-100, 1.5 mM MgCl,.

2. Nucleotide mix: 2 mM dATP, 2 mM dGTP, 2 mM dTTP, 0.2 mM dCTP.

3. Primers: phosphoramidite synthesized, fully deprotected, and stored at 20 M in
TE (10 mM Tris-HC), pH 7 5, | mM EDTA)

4. Template DNA. ~100 ng/uL 1 H,O or TE.

5. Amplification dilution buffer: 0.1% w/v SDS, 10 mM EDTA

6. Formamide loading buffer: 95% v/v formamide, 20 mM EDTA, 0.05% w/v
bromophenol blue, 0 05% w/v xylene cyanol

7 35X TBE running buffer- 0.45M Tris-borate, 0.01M EDTA.

All reagents may be aliquoted and stored at —20°C, except TBE at RT.
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Exon 5 (2832-3329)
E§EEE5EEE§"E§§§E€§E§§__§3§§E§GEta cacatgtttg tttctttget
gcogtgttee  agttgettta Ectgtteact tgtgccctga “ttfBaacte
tgtctEEEEE ctéEEEEEQE--H§€§§€EEcc tgccctcaac aagatgtttt
gcecaactgge caagacctge ccgjggcagc tgtgggttga ttccacacce
ccgca cccgegtecg cgfcatgglc atctacaage agtcacagea
catgagééag gctgtgaqgcl7$Ctg;22cca ccatgagcecge tgctcaga E=
gegatggtga _ gcagetgggg | ctggagagac  gagagguctg  getgcccagg
gtcecccagge ctctgattce tcactgattg ctcttaggtc  tggecce
Exon 7 (3888-4209)
tgggcgacag agcgagattc catEEcaaaa aaaaaaaaaa aaggcctccce
ctgcttgeca caggtctccce caaggegecac tggectcate ttgggectgt
gttatitoct _;g-q_:'_'.;'gc?:c_ -t-:-g;::—t accatccact acaactacat
225 Rsal 248 249
gtgtaacagt tccetgeatgg gc%ﬁ?atgaa = GGcece  atectceacca
tcatcacact ggaagaggqg_.ggqggqggqg_'géqggtgcca cectgeacac
tggecctgetg tgccceagee _tctgettgec getgaccect gggcccaget
cttaccgatt tcttccatac  ta
Exon 8 (4362-4678)
tgggagtaga tggagcctsa ttttttaaat gggacaggta ggacctgatt
tecttactge ctottgette tcettttlcta ~ feecfgagrtag ~tggtadtcta
262
ctgggacgga acagetttga ggtg%g?gtt tgtgectgte cégagagaga
ﬁ:gcaca gag .-. a atctcecegcaa gaaaggggag cctcaccacg
a:;tgccccc nggga;Zact aagiqggqsi__éqgiqggqgg acaagaagcg
gtggaggaga ccaagggtgc agttatgecct cagattcact tttatcagss
ttccttgect ctttcct

Fig. 2. Sequence data for exons 5, 7, and 8 (5-3') with flanking intron boundaries

for p53. Sequence n bold indicates exon sequenc

e with the first codon in each is

numbered. Hotspot mutation codons are denoted by uppercase and also labeled with

codon number. - denotes suggested SSCP PCR

primers, == p» alternative prim-
ers, = = g exon boundary sequencing primers; [ |

suggested restriction enzyme site.
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3. Methods
3.1. PCR Labeling

1

For each sample prepare on ice in 0.5-mL microfuge tubes 1n the following order
35 uL H,0, 5 uL Tag polymerase 10X reaction buffer, 5 pl. ANTP mix, 1 uL each
primer, 1 ulL template DNA, 100 pLs (~2 drops) mineral o1, 1 yL. 1-10 dilution 1n
H,0 of a-32P dCTP 3000 Cvmmol, 1 U Tag polymerase.

Pulse spin in microfuge and place in thermal cycler programmed to run:

94°C 4 min
Denaturation 94°C 45-60 s
Annealing 55-58°C 3060 s 3040 cycles
Extension 72°C 1-2 min

72°C 10 min.

Ten-microliter ahquots from each PCR reaction should be checked on a 1.8%
agarose gel to ensure a single product of good quantity and the correct size has
been generated Samples may be subsequently stored at —~20°C

Optional PCR product digestion. Remove 15 pL PCR product and add approx
8 U of restriction enzyme Digest 1216 h at 37°C (or enzyme used optimal tem-
perature). Check a 5-uL aliquot on 1.8% agarose for good digestion. Digestions
may be subsequently stored at —20°C

Dilute samples at some point prior to gel running: 5-uL sample (PCR product or
digestion); 25-40 pL amplification dilution buffer Mix and pulse in microfuge,
may then be stored at —20°C.

3.2. SSCP Polyacrylamide Gel Electrophoresis (PAGE)

I

Pour 6% nondenaturing polyacrylamide gel. Suggested mix (for alternatives see
Note 6) 27 mL 40% acrylamude (1:20 bis acryl), 36 mL 5X TBE, 18 mL glyc-
erol, 99 mL H,0, final vol 180 mL To catalyze polymerization add 180 uL
Temed, 130 uL fresh 25% w/v ammonium persulfate Pour immediately

Gels to be run at 4°C should be prechilled for at least 2 h along with sufficient 1X
TBE running buffer (although overnight 1s better).

Prior to loading, gels should be run for 30 min, to achieve temperature stability

For each sample to be run, in a fresh 0.5-mL microfuge tube add' 3 pL diluted
sample, 3 pl. formamide loading buffer Two tubes should be prepared for the
known nonmutated control sample.

Denature all samples except one of the nonmutated controls at 94°C for 3 min.
Transfer to ice for 3 min, quickly pulse spin in microfuge, then put back onto 1ce

Load 5 pL of each sample, one m each well, most importantly including both the
denatured and nondenatured known nonmutated control samples.

Suggested running conditions for the above gel (for alternatives see Note 6): 4 h
at 60 W constant power at 4°C ambient temperature.

Post-running, gels are blotted off onto 3MM cartridge paper and dried down under
vacuum at 80°C for 30~-60 min.

Subsequent autoradiographic exposure to Kodak X-OMAT film for 12-16 h,
without screens at —70°C should give sufficient banding patterns for analysis and
mutation-containing sample 1dentification.
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4. Notes

1. A control DNA template of known, nonmutated sequence must be included as
well as any unknowns, and run as both denatured and nondenatured

2. Formultiple samples reaction mix may be prepared in bulk by adding » + 1 (where
n 18 the number of samples) amounts of all reagents except template and mineral
o1l. This 1s then aliquoted nto 0 S-mL microfuge tubes contaming the template
and mmeral o1l 1s then added

3. Anneahing temperatures and time at each step of the cycling should, for imtial
runs, be started high and short, respectively; decreasing and lengthening if no
product is obtamed. SSCP requirement 1s for a single, well-defined product and
if this cannot be obtaned by altering cycle temperature/tumes (especially for
annealing) then 10% DMSO may be added to the reaction mix (1n place a corre-
sponding amount of the water) This may improve the specificity of the reaction
and has been shown not to interfere with latter fragment migration on the poly-
acrylamide gel.

4 Alternative protocols suggest using end-labeled primers for labeling of PCR prod-
ucts, which could siumplify the PCR protocol and reportedly cuts down on
background on the polyacrylamide gel.

5. Ithas been noted generally that SSCP identification of band shifts on polyacryla-
mide gels is best determined when the DNA fragments involved are between
150200 bp mn length (7) With fragments much above 250 bp, mutation detec-
tion begins to fall below 90%. For this reason 1t is advisable to digest lengthy
fragments to more suttable sizes before PAGE. Although this will create a more
complex banding pattern due to increased strand number, band shifts are likely to
be more pronounced For this reason suitable restriction enzyme cut-sites have
been indicated on the sequence data (F1g. 2) Fragments produced should ideally
be between 150200 bp (as a decreased mutation detection below the 150 thresh-
old has also been noted) and with a 30-bp difference between them to ensure their
dissimilar migration on polyacrylamide Note that the Tag buffer has proven
adequate for the digestion reaction n this case

6 The inclusion of glycerol 1n the gel acts as a mild denaturant aiding in the separa-
tion of bands by opening the secondary structure a hittle. However, this can retard
the gel running and reduce distances between dsDNA and ssDNA. Compensating
for this by running the gel at higher power can significantly increase gel tempera-
ture and disturb secondary structure best retained at low temperature Low running
power can result in more diffuse bands and make 1dentification of closely migrat-
ing bands in the same sample difficult The suggested gel/running conditions are a
good compromise between speed and resolution. Suggested alternatives include:

Glycerol Hours
+10% 30-60 W 4-6hat4°C
+10% 1020 W 612 h at 4°C
+10% 300500 W 12-16 h at 4°C
Without 1030V 4-8 hat RT

Without 300500V 12-16 hat RT
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Polyacrylamide gel mix and subsequent running conditions listed refer to the
CGiibco-BRL (Gaithersburg, MD) Mode! S2 system routinely used where the gel
dimensions are:

Height X Width X Thickness
400 mm 300 mm 0.4 mm
and sharks-tooth combs providing wells 10 mm wide were used.

7 It has been noted that gel porosity can affect band migration on the polyacryla-
mide gel; a decrease in the bis:acryl. ratio by as much as 1:100 possibly ncreas-
ing band separation and shortening run time required.

8. A preference for well former combs rather than sharks-tooth has been noted as
the latter may cause band curvature across the gel

9 Gel tanks should be set up to run in positions free from drafis and temperature fluc-
tuations as any variance across the gel can cause a pronounced uneven band migra-
tion across it and complicate detection of shifts. Screening the gel from air currents,
especially those run at 4°C, has been found to be a good 1dea and easily accom-
plished by prodigious use of a large cardboard box placed over or around the tank.

10. The exact dilution of the sample in dilution buffer will depend on the amount of
product produced and the strength and quality of the signal incorporated Initially,
5 uL of sample 1n 30 uL. of buffer would appear adequate. If signal or background
produced 1s too strong then the dilution can be increased and 1f weak then reduced.

11. Wells/top of the gel should be washed well before loading using the running
buffer in a 25-30-mL syringe. Lanes at the far edges of the gel should be avoided
as these are more prone to distorted running Use of duck-billed pipet tips was
found to facilitate easter loading into the wells.

12 Post-running fixation of the gel 1s not required although any wrinkles caused by
plate separation can be smoothed out in 10% methanol, 10% glacial acetic acid.

13. Banding patterns produced are likely to be more complex than at first would be
expected A single ssDNA species is likely to produce three to four bands owing to
a number of different metastable secondary conformations that it can take; although
more intense bands will indicate those most strongly favored. (See Fig. 3) As well as
a dsDNA band, other aberrant bands can be caused by heteroduplex formations
between normal and mutant strands if both are generated within the same sample and
for this reason the running of denatured and nondenatured normal controls 1s vital

Although a rare occurrence, nstances of migration changes of bands have
been observed by SSCP analysis that could not be identified by subsequent
sequence analysis.

Note that the identification of a band of altered mobulity is easier from a gel on
which multiple samples have been run (8,9).

14. Use of biotinylated sequencing primers for SSCP PCR can retard the mobility of
the strands produced on the polyacrylamide gel but as shifts should be the same
for both sample and control, a migratory property alteration owing to a mutation
should still be identifiable

15. The majority of mutations within pS3 are seen as transitions at CpG dinucleotides;
sites of spontaneous mutation due to deamnation of 5-methylcytosine residues
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non-

1 2 3 4 5 6 7 8 _ _ 10 denat. denat,

Fig. 3. Example of SSCP mutation analysis of p53, exon 8. 10 unknown samples

are shown along with the denatured and nondenatured normal control. The migra-
tional difference of the band in lane 3 is clearly evident and indicates that this sample
should be sequenced for mutation conformation and clarification.
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The Characterization of Chromosomal Abnormalities
Using Fluorescence In Situ Hybridization Procedures

Helena M. Kempski

1. introduction
1.1. Fluorescence In Situ Hybridization (FISH)

Cytogenetic changes are important in understanding the pathogenesis of
disease. Karyotypic analysis is particularly useful when investigating condi-
tions such as human malignancies, where aneuploidy and structural chromo-
some rearrangements are commonly found, as in the human leukemias. In these,
karyotypes can show a wide range of different structural rearrangements, with
highly specific chromosome abnormalities that are used in the classification of
leukemias (), which, in turn, are related to specific clinical features.

Although G-band analysis is traditionally used to detect cytogenetic changes
in metaphase chromosomes from tumor tissue, this may occasionally be diffi-
cult to interpret where poor chromosome morphology is a feature of disease.

A recent advance in the location and determination of chromosomal abnor-
malities has been that of fluorescence in siru hybridization (FISH), a practical
technique for demonstrating the location of specific nucleic acid sequences in
individual metaphase and interphase cells (2,3). This procedure 1s apphed alone
and in combination with cytogenetic and molecular genetic analysis (4,5) for
detection and characterization of genetic abnormalities associated with genetic
disease (6,7) and for the study of radiation biology (&) and cancer treatment
(9,10). FISH is particularly useful for analysis of cell to cell and intracellular
genetic heterogeneity within tumors (77), and it assists detection of rare events
such as disseminated metastatic cells (e.g., in the liver and bone marrow). In
addition, as FISH has proven to be a sufficiently reliable method, it is being
applied in chinical settings, to archived material and to the small amounts of
tissue collected during needle biopsy.

From Methods in Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc, Totowa, NJ
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Another novel application of FISH 1s that of comparative genomic hybrid-
1zation (CGH), where genomic DNA from tumor cells 1s hybridized with
genomic DNA from normal tissue to normal human metaphase chromosomes to
determine changes in sequence copy numbers as gains (amplification) or losses
(deletions). This latter procedure is an exciting approach, which 1s still 1n 1ts
inception, but which has the potential of whole genome analysis in one experiment.

2. Materials
Solutions, glass- and plastic-ware should be sterile.

2.1. Metaphase Preparation

100 mL. 1X RPMI-1640 medwum (Dutch Modification)

20 mL 1X Fetal calf serum (heat mactivated)

1 mL 200 mM (100X) I-Glutamine

1 mL 10,000 IU/mL Gentamycin solution.

Phytohemagglutinin (PHA).

10 mg/mL Colcemid working solution.

0.075M KC1 (5.5 gn 1 L of distilled water)

3:1 Parts absolute methanol.glacial acetic acid fixative, freshly prepared and
refrngerated before use

2.2. Probe Preparation
2.2 1 Nick Translation

1. Probe DNA

2. dNTP mix {containing 0 2 mM dCTP, 0 2 mM dGTP, 0 2 mM dTTP, 0.1 mM
dATP, 0 1 mM Bio-14-dATP or 0 2 mM dCTP, 0 2 mM dGTP, 0.2 mM dATP,
0.1 mM dTTP, 0.1 mM Dig-11-dUTP)

Sterile distilled H,O

Enzyme mix (DNase/Polymerase I) from Gibco, BRL Bionick kit

E cofitRNA

Sonicated herring sperm DNA.

3M Sodium acetate, pH 5.6

[ce-cold ethanol

TE: 10 mM Tns-HCJ, pH 8.0, 1 mM EDTA.

BRL Bionick kit (Gibco, Paisley, Scotland).

2.2.2. Prehybridization and Hybridization

1. Human Cot-1 DNA.

2. Absolute ice-cold ethanol.

3. Hybridization mix* 50% formamide, 10% dextran suifate, 1% Tween-20, and
2X SSC.

4. 70% Formamide, 2X SSC (w/v)

5. 70, 85, 100% 1ce-cold ethanol

6. Prepared shdes, coverslips.
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2.2.3. Posthybridization Washes and Signal Detection

1. Formamide solutions (stringency dependent on type of probe) 2X SSC (w/v)
50% formamide, 2X SSC (w/v) 60% formamide.

2X SSC.

ST: 4X SSC, 0.05% Tween-20

STB- 4X SSC, 0 05% Tween-20, 3% BSA

Avidin-FITC* 5 mg/mL 1n STB

Biotinylated anti-avidin 5 mg/mL in STB

Antidigoxigenin-rhodamine: 5 mg/mL in STB

Citifluor glycerol mountant

Counterstain: 4', 6-Diamidino-2-phenylindole dihydrochloride (DAPI) 2 mg/mL
or propidium 10dide, 0.5 mg/mL

2.2.4. Slide Preparation and Pretreatment

1. 1% Decon 90 solution diluted n distilled water
2. 2X SSC
3. Proteinase K/CaCl, solution (10 mg/mL of each 1n distilled water)

=R IEN - NR VR NN

Note: The hybridization buffers, prehybridization, and wash solutions con-
tain formamide, a teratogen. When employing reagents such as formamide and
DAPI, caution should be exercised during use. Swallowing, inhalation and
absorption through the skin should be avoided. Therefore, good laboratory
practice should not include mouth pipeting; and gloves, safety glasses and
labcoats should be worn. Universal precautions apply.

3. Methods

During sample preparation for FISH, cells are treated to facilitate disruption
of the cell membrane. The nucle1 and their chromosomes are then deposited on
microscope slides. A probe mixture is subsequently hybndized to the target
DNA in the cells affixed to the slides. After hybridization 1s complete, unbound
probe 1s removed with a series of washes. The methods of sample preparation
and fluorescence microscopy will affect hybridization and detection results.

DNA probes used for performing FISH contain a label that allows their
detection after hybridization to the target of interest. These probes may be
labeled 1n one of two ways. The direct-labeled probe 1s the more advanced and
simplest to use. A direct-labeled probe is prelabeled with a fluorochrome that
allows the fluorescent signal to be bound to the target in one hybridization step
(Fig. 1). The alternate method of labeling a probe for FISH application is by
using an indirect method, where the DNA probe is prelabeled with a hapten
(e.g., Biotin or Digoxigenin). After the hapten-conjugated DNA probe hybrid-
1zes to the target sequences, fluorochrome-labeled antibodies to the hapten are
used for probe detection (Fig. 2). Alternatively a biotin/streptavidin conjugate
is employed (Fig. 3). In either approach, the indirect method relies on a “sand-
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Anti-digoxigenin-rhodamine @ noig-11-dutp

&

Antibody (Anti-digoxigenin-rhodamine),
~=}——— raised against label (Dig-11-dUTP),
carrying signal generating system

- Label incorporated into probe and
hybridized to target

Fig. 1. Signal generating system for immunocytochemical detection of digoxigenin-
labeled probe: a one-step detection system.

Anti-digoxigenin-rhodamine @ oig11-dute

() Secondary antibody, carrying signal
—~4———  generating system, raised against
species donating primary antibody

~—————  Primary antibody raised against label

Label incorporated into probe
and hybridized to the target

Fig. 2. Signal generating system for immunocytochemical detection using a two-
step detection system.

wiching” method, which is more technically awkward because a series of
posthybridization steps are required for signal amplification.

The indirect method is a preferred method when hybridizing probes less
than 40 kb in size. The direct procedure is the optimal method when labeling
DNA for use in comparative genomic hybridization, as it provides a more con-
sistent labeling pattern.

3.1. Metaphase Preparation

The highest quality interphase and metaphase preparations are necessary for
effective DNA:DNA in situ hybridization (ISH). Residual cytoplasm and other
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Avidin, conjugated to a signal-generating system,
binds to the biotin-labelled (Bio-14-dATP) probe.

The signal is amplified by adding
biotinylated anti-avidin antibody.
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Another layer of avidin, conjugated
to a signal-generating system, is added

Biotin incorporated on to probe  Avidin conjugated to Biotinylated anti-avidin
and hybridized to target signal generating system antibody

Fig. 3. Detection of biotin-labeled probes using the biotin-avidin system.

cellular material severely reduce the ISH signal and generate high levels of
background signalling. Suitable preparations should show little or no contact
between cells, with the density being such that cell location is expedited. How-
ever, this may not always be possible, particularly in samples from tumors
where cells are known to have notoriously poor morphology, as in the acute
lymphoblastic leukemias. Acceptable chromosome spreads should appear with
high contrast when examine dry on a microscope slide under phase-contrast.
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3.1 1. Metaphase Preparations from Bone Marrow Samples

Bone marrow 1s a tissue consisting of an unsynchronized population of cells
and 1s treated as direct (1-2 h), overnight (12—24 h), or short-term (48 h) in culture.

1 To 10 mL of complete culture medium, add the following: 100 mL RPMI-1640
medium, 20 mL fetal calf serum (heat mnactivated), 1 mL 1-Glutamine (20 mM),
and 1 mL Gentamycin solution (10,000 IU/mL). Add an appropriate amount of
bone marrow to give a final concentration of 10° cells/mL

2 a Direct cultures: Add 0 1 mL colcemid to give a final concentration of
0.02 mg/mL, and incubate at 37°C for 1 h.

b Overnight cultures: Incubate for 1224 h overnight. One hour prior to har-
vesting, add 0.1 mL colcemid.

c. Short-term cultures: Add colcemid as above at 47 h into culture and incubate
for an additional hour.

Centrifuge the culture at 1300g for 10 min and carefully remove the supernatant

Resuspend the peliet m 10 mL KCI solution by gentle pipeting and leave to stand

at room temperature for 15 min

Centrifuge for 6 min at 1300g and remove the supernatant

Add chulled fixative, gradually, up to 5 mL

Repeat steps 5 and 6 twice, reducing the amount of fixative by 2 mL after each spin

. Cell suspensions may be stored at —20°C until required

B

3.1.2. Metaphase Preparations
from Stimulated Peripheral Blood Samples
1 To 10 mL of complete culture medium, add an appropriate amount of peripheral
blood to give a final concentration of 10° cells/mL
2 Add 0.2 mL PHA to each culture and incubate at 37°C for 71 h.
3. Add 0 1 mL colcemid and incubate the cultures for an additional 45 min
4 Samples are then process as in Section 3.1 1,

Excellent detailed protocols on these procedures are provided in Human
Cytogenetics 1I, by B. Czepulkowski et al. (712).

3.1.8. Slide Preparation

The purpose of preparing slides is to produce well-spread chromosomes that
remain intact as complete metaphase spreads. Careful slide preparation will
also aid 1n reducing background contamination and therefore nonspecific bind-
mg of the probe,

1 Thoroughly clean shdes by soaking in a solution of hot water containing 1%
Decon 90 for 20 min

2. Wash slides for 1 h in hot running water, agitating occasionally

3. Store slides 1n refrigerated distilled water until ready for use

4. Release 1-2 drops of cell suspension from a distance of 1236 in. onto the cold
wet slides held at an angle of 30°.
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5 Immediately place the slides on a preheated hotplate for a few seconds, allowing
evaporation of the water and spreading of the fixed cells. Do not leave the slides
on the hotplate for more than a few seconds, as this can result m poor hybridization

6. Store slides in a sealed container for up to 14 d. Slides may be adequately hybrid-
1zed after overnight storage

3.2. Probe Preparation

The diverse types of DNA probes useful in research and for clinical applica-
tions can be categorized according to the complexity of the respective target
sequences. These range from whole chromosome paints to bacteriophage
probes as small as 9 kb in size. Locus specific repeated sequences such as the
alphoid cetromeric repeats, or degenerate oligonucleotide primed polymerase
chain reaction (DOP-PCR) amplified and labeled whole chromosome paints,
are available commercially (Oncor and Cambio). Unique sequences, such as
genomic DNA fragments cloned in plasmid (1 kb), phage (9—23 kb), cosmid
(40 kb) vectors, or yeast artificial chromosomes (Y ACs) (200 kb-1 Mb), can be
localized against normal or abnormal chromosomes. The minimum size limit
for credible detection is approx 3—5 kb, although hybridization using probes
under 1 kb in length have been described (13).

3.2.1. Whole Chromosome Paints

Whole chromosome paints (WCPs) are DNA probes that are homologous to
DNA sequences along the entire length of the target chromosome (Fig. 4.1).
Any one WCP is a mixture of probes for unique DNA sequences on a particu-
lar chromosome and are prepared from flow sorted or microdissected, purified
human chromosomes. PCR amplified whole chromosome probes have been
produced for both human (74) and rodent chromosomes (15). Whole chromo-
some probes are useful for analysis of translocations and particularly for com-
plex cytogenetic rearrangements in metaphase spreads (Figs. 4.2,4.3). Their
use on interphase cells is severely limited.

WCPs are prepared and hybridized according to manufacturer’s instructions,
which are provided with commercially bought probes (Cambio, Oncor). Paints
are available both as FITC-and biotin-labeled and therefore can be used in
conjunction with each other. Directly-labeled Vysis paints are also now
obtainable (Cambio, Oncor).

3.2.2. Centromere Probes

Centromere probes consist of chromosome-specific sequences from highly
repetitive human satellite DNA sequences (in most cases, the alpha-satellite
sequences located in the centromeric regions). These probes contain no inter-
spersed repeated sequences and the hybridization target is large, often >1 Mb.
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Fig. 4 (see color plate number 1 after p. 178). The application of whole chromosome
paints for the identification of chromosome rearrangement. (4.1) Whole chromosome
paint probe. Whole chromosome paint for X (arrowed) showing three copies of chro-
mosome X. (4.2) Detection of a chromosome rearrangement using whole chromosome
paints. Whole chromosome paints for chromosomes | (yellow) and 8 (red) showing: a,
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Fig. 5 (see color plate number 4 after p. 178). Alpha-satellite centromeric probes
used for detection of aneuploidy in interphase cells. (5.1) Nonclonal cell showing two
signals both for the normal control probe (yellow signal) and for chromosome 7 (red
signal). (5.2) Clonal cell monosomic for chromosome 7 showing two copies of the
control chromosome (yellow signal) and only one copy of chromosome 7 (red signal).

Hybridization is simple, as the signal is large and tightly localized, even in
interphase. Chromosome-specific repeat sequence probes are available com-
mercially for all human chromosomes. They are particularly effective for
detection of aneusomy in interphase cells (Fig. 5) and for identification of small
marker chromosomes (16).

As with WCPs, alpha-satellite probes are available commercially (Cambio,
Oncor), both as directly- and indirectly-labeled.

3.2.3. Locus-Specific Probes

Locus-specific probes are usually collections of one or a few cloned
sequences homologous to specific human chromosome loci. Hybridization has
been performed successfully using probes to targets shorter than 1 kb (cDNA
clones) and to larger regions using probes cloned into large insert vectors such
as phage (Fig. 6.1), cosmid (Fig. 6.2), and yeast artificial chromosomes (Figs.
6.3[i],[ii]). Hybridization of interspersed repeats in these clones is competi-

normal chromosome 1; b, normal chromosome 8; ¢, derivative chromosome 1 with
unknown partner chromosome; and d, derivative chromosome 8, translocated with
chromosome 1. (4.3) Detection of complex chromosome translocations using whole
chromosome paints. Whole chromosome paints for chromosome 4 (yellow) and chro-
mosome 11 (red) showing the involvement of two further chromosomes in: a, by inser-
tion of a portion of chromosome 4 into an unidentified chromosome; and b, a translocated
telomeric portion of chromosome 11 onto an unidentified partner chromosome.
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Fig. 6 (see color plate number 5 after p. 178). Phage, cosmid, and YAC probes. Yellow
signals represent biotin-labeled locus-specific probe. Red signals represent digoxigenin-
labeled probe for centromeric region of chromosome X. (6.1) Metaphase spread of male
cell showing phage probe for region Xp11. Here is an example of a 1.2-kb sized locus-
specific probe. This illustrates that detection of minute-sized probes is possible when
hybridization conditions are kept at optimal levels. (6.2) Cosmid locus-specific probe
for the DSCR region of chromosome 21. A Cosmid locus-specific probe for the DSCR
region on chromosome 21 at 21q22.3 is clearly seen hybridized to both homologues of
chromosome 21 (arrowed). (6.3) (i) Metaphase cell showing three copies of chromo-
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tively inhibited by applying protocols in which the signals derived from such
ubiquitous sequences are suppressed (/7). Such a hybridization can be
suppressed in a prehybridization reassociation with Cot-1 DNA, which, as a
competitor, only uses a reassociation time of 15 min. Such competitive in
situ suppression means that large segments of the genome can be used as spe-
cific probes.

To reach the proficiency needed for diagnostic applications, probes com-
prising at least 20—50 kb (cosmid-size probes) are required.

3.2.4. Fluorescent Labels
3.24.1. BioTin

Biotin (vitamin H), found in egg whate, is incorporated into the nucleic acid
most commonly 1n the form of biotin-11-dUTP, Biotin-11-dUTP 1s the most
frequently used biotin derivative, but other modified nucleotides are now avail-
able, such as biotin-16-dUTP, biotin-14-dATP, and biotin-11-dCTP (Enzo
Diagnostics, Sigma, Boehringer Mannheim).

The nucleotides are individually modified at a position that does not
interfere with hydrogen bonding between the probe and the target nucleic acid.
Also, each contains a linker arm of a minimum of 11 carbon atoms to secure
access of the detection reagents and to reduce steric hindrance during probe
hybridization.

3.2.4.2. DIGOXIGENIN

Digoxigenin is a steroid that occurs naturally n the plants Digitalis purpura
and Digitalis lanata. Digoxigenin is commonly incorporated into the DNA
enzymatically by using the nucleotide derivative digoxigenin-11-dUTP
(Boehringer Mannheim).

some X. This cell is from a bone marrow sample taken from a child with acute myeloid
leukemia, whose normal cells showed two copies of chromosome X, but whose clonal
cells carried three copies of chromosome X. G-band analysis suggested the possibility
of an version within one of the copies of X. However, a YAC probe specific for Xp!1
(vellow signal) used 1n conjunction with an o-satellite probe for X (red signal), showed
no inversion within the third chromosome X, (11} Metaphase cell showing a transloca-
tion between chromosomes 1 and 13- A YAC probe specific for the q11 region of chro-
mosome 13 (yellow signal) 1s seen to have been split, with the remaining portion of the
YAC translocated to chromosome 1. (a) The derivative chromosome 13, identified using an
o-satellite for 13 (red signal), displaymg a smaller signal for the YAC probe, whereas the
derivative chromosome 1 also shows a distinct signal for the YAC demonstrating that
this probe crosses the breakpoint in the translocation between chromosomes 1 and 13



172 Kempski
3.2.5. Nick Translation

Fluorescent techniques are successfully used in labeling nucleic acids by
incorporating DNA using an enzymatic labeling system such as nick transla-
tton, which synthesizes labeled nucleic acids using modified nucleotides.
This method usually results 1n the high incorporation of modified nucleotides,
thereby generating significantly sensitive probes. Nick translation has been
optimized to produce a fragmented probe length suitable for ISH.

The nick translation reaction uses two enzymes, DNase | and Escherichia
coli DNA polymerase, which incorporate labeled nucleotides along both
strands of the DNA duplex (Fig. 7). The most important parameter 1n the
reaction 1s the action DNase I, which “nicks” double-stranded DNA.. Insuf-
ficient nicking can lead to inadequate mncorporation of the label and probes
that are too long. Excessive nicking succeeds only 1n producing probes that
are too short.

1. Using BRL’s Bionick kit, add the following to a 1.5-mL microfuge tube on
ice. 1 ug probe DNA (phage, cosmid, or YAC), 5 uL dNTP mux (includes Bio-
14-dATP),* distilled HyO to 45 pL, and 5 uL. enzyme mix. *For labeling of probes
with digoxigenin, exchange the AINTP mix with:

10X digoxigenin-mix in 100 pL:
0.2 mM dCTP 2 pL of 10 mM
02 mM dGTP 2 uL of 10 mM
0.2 mM dATP 2 uL of 10 mM
0.1 mM dTTP I pL of 10 mM
0 1 mM Dig-11-dUTP 10 L of 1 mM
500 mM Tris-HCI, pH 7.8 50 L of 1M
50 mM MgCl, 5 uL of 1M
100 mM B-mercaptoethanol 10 pL of IM
100 mg/mL BSA 10 pL of 1 mg/mL

8 uL. H,0

2 Incubate at 16°C for | h.

3 Add 5 uL stop buffer.

4. The probe may then be purified through a sephadex GS0/TE column (this optional,
as the probe should be suitably pure 1f all steps have been followed precisely and
the starter probe DNA was pristinely clean)

5. Add 50 pg E coli tRNA and 50 pg herring sperm DNA as carriers to the probe mix.

6. Precipitate the DNA by adding 0.1 vol of 3M NaAc pH 5 6 and 2 vol of 1ce-
cold ethanol

7 Freeze at—70°C for 15 min or at—20°C for 2 h

8 Pellet the precipitated DNA at 14,200g for 15 min, dry, and resuspend in 50 pL
TE At this stage, the labeled probe may be stored at —20°C until required.
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[ L | Two enzymes are used in the reaction, DNase |
3 and DNA polymerase | These enzymes incorporate
labelled and unlabelled deoxynucleotide triphosphates
OH (dNTPs) into double-stranded DNA
" - T I} A free 3'-OH group is exposed when DNase |
ntroduces a “nick” or singie-strand break into
y the double-stranded DNA
| g T ) ' — Il Mononucleotides are removed at the 5' side of
4 Rl the mick by the 5' to 3' exonuclease activity of
| DNA polymerase |
Y, -1-1'-'— wuguuneg IV New dNTPs are incorporated from the soiution at
- — T the 3'-OH end of the nick by the catalytic action

of the DNA polymerase

' ' | Y T V The combined exonuclease and polymerase activities

I 3 I} ] '} » of DNA polymerase | result in the synthesis of a new
DNA strand n the 5’ to 3' direction The newly
synthesized complementary strands become labelled
by mncluding labelled dNTPs in the dNTP mix

Fig. 7. The nick translation system

3.2.6. Prehybridization

The addition of Cot 1 DNA as a blocking or competitor DNA, prior to
hybridization, greatly improves signal clarity. The blocking DNA hybridizes
to common sequences in the probe and on the chromosomes, thereby prevent-
ing hybridization of the probe to these sequences. Only sequences specific to
the target are available for probe hybridization in situ. The blocking DNA may
also prevent hybridization of probe DNA to adjacent DNA sequences by steric
hindrance. This method maximizes the rapid reassociation of highly repeated
sequences that are common to the probe and to the blocking DNA.

Blocking DNA also hybridizes to molecules in the nucleoplasm and cyto-
plasm, which could diversely bind probe or detection reagents, leading to
undesirable levels of nonspecific binding.

Each hybridization ordinarily occupies an area of the slide 22 x 22 mm (half
of a slide). This area should be clearly indicated using a diamond marker. A
100-ng quantity of labeled DNA is necessary for whole slide.

1 Add to each 100 ng of labeled DNA- 2.5 pg Cot 1 DNA and 2 vol ice-cold ethanol.
2. Precipitate for 2 h (or overnight) at —20°C, pellet and dry.
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3 Resuspend the pellet in an appropriate quantity of hybridization mix (need 20-30
uL/slide) (The probe may again be stored at —20°C at this stage until required.)

4. Denature probe mix at 70°C for 5 min and cool by plunging briefly into ice.

5 Pulse spin to ensure all liquid 1s at the base of the tube; preanneal at 37°C for
1-3 h. (While the probe 1s preannealing, continue with slide pretreatment and
preparation 1n Section 3 3 )

3.3. Pretreatment and Slide Preparation

Before ISH, material is pretreated to reduce nonspecific probe hybridization
to nontarget nucleic acids and to reduce nonspecific association with proteins
or other elements that may bind the probe. This procedure also aids probe and
detection reagent penetration and maintains the stability of target sequences.

Chromosomal DNA from the cells on the slide are denatured (rendered
single-stranded) to allow hybridization with the fluorescently labeled probe.

3.3.1. Pretreatment of Slides
Incubate slides in 2X SSC at 37°C for 30—60 min.

3.3.2. Denaturation and Preparation of Slides for Hybridization

I. Immerse slides into Coplin jars containing 70% formamide, 2X SSC at 70°C
for 2 min

2 After 2 min incubation, remove the slides using forceps and proceed immediately
to the 1ce-cold ethanol washes Agitate the shides shightly at the start of each wash
70% ethanol for 2 min, 85% ethanol for 2 min, and 100% ethanol for 2 min.

3 Air-dry shides for 5 min

4 Place dried shdes into a Proteinase K/CaCl, solution at room temperature for 8 mmn

5. Transfer to the ice-cold ethanol series as in step 2

6 Air dry for S min

3.4. Hybridization

1. Place slides on a warm hotplate (37°C), meanwhile spin preannealed probe briefly

2 Apply probe to prewarmed slide and add a coverslip, avoiding air bubbles

3. Seal hybridization area with rubber cement and incubate at 37°C for 2448 hna
moist chamber

3.5. Detection and Posthybridization Washes

Posthybridization washes are normally carried out in a slightly more strin-
gent solution than the hybridization mixture to denature and remove weakly
bound probe, leaving predominantly positively matched nucleotides in the
duplex. It 1s important that shdes are not allowed to dry at any stage.

Most probe labels are immunogenic and are detected by antibodies raised
against the label Digoxigenin uses a system that involves conjugation to the
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primary antibody (raised against the label) in a one-step detection method
(Fig. 1). Biotin has two detection systems, either antibiotin or the biotin-
(strept)avidin system.

Avidin is glycoprotein extracted from egg white, which has a significant
affinity for biotin. The first step in the detection of biotin 1s the addition of
avidin conjugated to a signal-generating system (Fig. 3). The signal is then ampli-
fied by using biotinylated anti-avidin (an antibody raised against avidin, con-
jugated to biotin) followed by a further layer of avidin conjugated to the
signal-generating system.

3.5.1. Posthybridization Washes

1. Prepare the detection reagents as follows:

a. For the detection of digoxigenin-labeled signals: 2.5 uL of antidigoxigenin-
rhodamine in 1| mL STB.

b. For the detection of biotin-labeled signals: 2.5 mL of avidin 1n | mL STB and
10 uL of biotinylated anti-avidin in 1 mL. STB.

2. Remove coverslip by flicking off the slide carefully. Ensure that the coverslip 1s
not removed by sliding off the slide as this may cause distortion of material and
signal. Do not allow slides to dry at any stage prior to counterstaining and mounting.

3. Wash slides as follows at 43°C: 3X in 50% formamide, 2X SSC (w/v) (5 min);
3X m 2X SSC (5 min). All remamning washes are carried out at room temperature

4. Proceed to wash slides as follows: 1X in 4X SSC, 0.05% Tween-20 (ST) (3 min);
1Xin 4X SSC, 0.05% Tween-20, 3% BSA (STB) (10 min); 1X in4X SSC, 0.05%
Tween-20 (ST) (3 min)

3.5.2. Signal Detection

1. Incubate slides, in the dark,* by depositing 100 uL of avidin per slide and apply-
ing a coverslip to prevent drying of the slide during mcubation. Leave for 20 min.
(*Fluorescein is readily photobleached).

2. Slide off the coverslips and wash as follows: 3X in ST (3 mun).

3. Incubate slides as in step 1, detecting with biotinylated anti-avidin. Leave to
incubate for 20 min.

4. Wash as in step 2

Repeat steps 1 and 2 once more.

6. At this stage, the slides can be mounted or dehydrated in ethanol and stored

W

3.5.3. Counterstaining of Slides

1. Shdes should be mounted in “Citifluor,” containing a counterstain (either
Propidium iodide [0 5 mg/mL] or DAPI [2 mg/mL]) by depositing one drop on
each slide and applying a 25 x 50 mm coverslip.

2 Allow slides to stand for 5 min.

3 Carefully blot each shide firmly, to secure the coverslip and seal with rubber
cement, Mounted slides may be kept at 4°C for at least 6 mo.
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3.5.4. Analysis for FISH

For light microscopic analysis, the method chosen 1s limited to the type of
signal-generating system used for detecting the in situ signal. The aim of any
system is the localization of the hybridization signal with the maximum sensi-
tivity and spatial resolution possible.

Analysis of chromosome translocations, using whole chromosome paints,
can be successfully effected using a simple epifluorescence microscope with
the appropriate filters. However, for detection of smaller signals, from phage
and cosmid probes, or indeed YACs crossing translocation breakpoints, rather
more sophisticated equipment 1s necessary for detailed FISH analysis.

The confocal scanning optical microscope allows noninvasive optical sec-
tioning, thereby removing the presence of distorted (out of focus) images gen-
erated by conventional epifluorescence microscopy, which interferes with the
image. Confocal microscopy 1s now used routinely by many laboratories for
imaging two-dimensional material such as metaphase spreads and interphase
nuclel, which sustain ISH signals. However, the only disadvantage 1n using
this type of system exists in the lack of an image-processing facility.

Digital imaging systems are now widely available that allow the recording
of images electronically by using video or low-light cameras. These are highly
sophisticated devices using a combination of microscope, camera, and com-
puter with advanced software. There has been a growing demand to make this
technology available to scientists without specialized image processing knowl-
edge. Several companies have addressed this problem with the subsequent cre-
ation of appropriate software designed to capture, analyze, and process FISH
images. The illustrations included 1n this chapter have all been processed using
a Photometrics camera and SmartCapture software (Digital Scientific). This
software 1s compatible with all models of Macintosh.

The SmartCapture imaging system allows visualization of fluorescent sig-
nals from a fluorescent microscope. The systems has the capacity to image and
determune faint FISH signals with remarkable clarity. This arrangement com-
bines a high-performance, digital charged-couple device (CCD) camera with
powerful imaging software to allow appropriation and analysis of even the
weakest signals. Resolution of the Photometrics CCD camera approximates
the theoretical maximum for light, making SmartCapture one of the most pow-
erfully sensitive FISH imaging systems available. The system creates a 24-bit
color image with maximum signal intensity.

The material under investigation is located and focused by eye and the image
is then amassed and recorded over several seconds by the CCD camera and
presented on the computer monitor. If signals are very weak, the time required
to search and record images in each field of view may be taxing; however, the
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results are undeniably worthwhile. The advantage of the CCD system 1s that
ISH signals do not have to be greatly amplified to enable visualization. This
mevitably induces higher sensitivity and resolution.

4. Notes

L.

Applications of FISH procedures. The rapidity and flexibility of FISH methods
lend themselves for use, not only in research, but in assisting clinical diagnosis
This 1s particularly valuable in assessing minimal residual disease after chemo- or
radiotherapy and also in the speedy cytogenetic evaluation of a relapse sample for
the presence or absence of a known clonal abnormality. Both centromeric probes
and WCPs are conducive for confirming cytogenetic status in such clinical inquires
Acute leukemias. In acute myeloid leukemias, specific numerical abnormalities,
namely a loss of chromosome 7 (Fig. 5) or a gain of chromosome 8, are amongst
the most common cytogenetic changes in AML (18,719) These are easily detected
by FISH using chromosome-specific repeat sequence probes. High hybridization
efficiencies can be achieved on clinical material such a blood or bone marrow
smears (20,21) The application of FISH for the detection of the most common
translocation in AML, the t(8;21) (22), t(15;17) (23), inv(16) (24), and 1123
abnormalities (25), has been shown; however, to date, no study has been pub-
lished evaluating these for routine clinical use

Although numerical changes occur in acute lymphoblastic leukemia in similar

frequencies as in AML, no systematic study confronting these abnormalities 1n
ALL has been published to date The most common chromosomal translocation
in adult ALL is the t(9;22)(q34;q11). a probe set 1s commercially available
(Oncor) for the detection of the ber-abl fusion (Fig. 8), the molecular complement of
the t(9;22), in ALL. It 1s based on a yeast artificial chromosome probe spanning
both the major and the minor breakpoint cluster regions of the BCR gene.
Loss of heterozygosity Wilms’ tumor is an embryonal malignancy of the kidney
that affects about 1 in 10,000 infants and young children. It can occur in both
sporadic and familial forms. A subset of Wilms” tumor cases occurs 1n associa-
tion with aniridia, genito-urinary abnormalities, and mental retardation, known
as the WAGR syndrome Although familial cases of WAGR syndrome are rare,
patients frequently have a cytogenetically detectable deletion on the short arm of
chromosome 11 that has been mapped to 11p13.

Similarly 1n retinoblastoma (an intraocular cancer predominantly found in
young children, with an incidence of approx [ m 20,000), a detectable deletion
on the long arm of chromosome 13 at 13q14 has frequently been observed.
Cosmud probes for Rb and WT1 are available and are useful for the rapid detec-
tion of loss of heterozygosity 1n either of these conditions (Figs. 9 and 10).
Monitoring treatment outcome. Dual-color hybridization with X and Y chromo-
some-specific centromeric probes is a successful approach to sexing interphase
cells following bone-marrow transplantation between sex-mismatched patient
and donor. This procedure enables the effective monitoring of engraftment of
donor cells (Fig. 11)
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Fig. 8 (see color plate number 2 after p. 178). Interphase cells from a patient with chronic
myelogenous leukemia. Cosmid probes for the abl locus on chromosome 9 (vellow signal)
and for the ber locus on chromosome 22 (red signal) show the presence of a Philadelphia
translocation (arrowed) in the Philadelphia +ive cell. The Philadelphia —ive cell shows
two distinct signals for the abl locus and two distinct signals for the ber locus.

Fig. 9 (see color plate number 6 after p. 178). The detection of loss of heterozygosity in
retinoblastoma. (9.1) Normal control cell hybridized with a cosmid probe (yellow signal)
for the Rb region on chromosome 13 at 13q14. Both copies of chromosome 13 carry sig-
nals for the Rb gene locus. An a-satellite probe for 13 (green signal) is used to identify
both homologs. (9.2) Metaphase cell from a patient with retinoblastoma showing loss of
heterozygosity for the Rb region of chromosome 13 (arrowed). The homolog with the Rb
deletion is identified using a cetromeric probe specific for chromosome 13 (green signal).



Plate 2 (Fig. 8). Interphase cells from a
patient with chronic myelogenous leukemia.

See full caption on p. 178 and discussion in
Chapter 13.

Plate 1 (Fig. 4). The application of
whole chromosome paints for the identi- Plate 3 (Fig. 11). Centromeric probes
fication of chromosome rearrangement. used following a sex-mismatched bone mar-
See full caption on p. 168 and discussion  row transplant. See full caption on p. 179
in Chapter 13. and discussion in Chapter 13.



Plate 4 (Fig. 5). Alpha-satellite centromeric probes used for detection of aneuploidy in
interphase cells. See full caption on p. 169 and discussion in Chapter 13.

Plate 5 (Fig. 6). Phage, cosmid, and YAC probes. See full caption on p. 170 and
discussion in Chapter 13.



Plate 6 (Fig. 9). The detection of loss of heterozygosity in retinoblastoma. See full
caption on p. 178 and discussion in Chapter 13.

Plate 7 (Fig. 10). The detection of loss of heterozygosity in Wilms’ tumor. See full
caption on p. 179 and discussion in Chapter 13.



Plate 8 (Fig. 1). (a) Comparative genomic hybridization of a prostate cancer xenograft, LuCAP. (b) An inverse DAPI (pseudo-
Geisma banding) image of the same metaphase for chromosome identification. See full caption on p. 185 and discussion in
Chapter 14.
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Fig. 10 (see color plate number 7 after p. 178). The detection of loss of heterozygosity
in Wilms’ tumor. (10.1) Normal control cell hybridized with a cosmid probe specific for
the WT1 region of chromosome 11 at 11p13 (yellow signal). Both homologs for chromo-
some |1 carry signals for the WT1 locus. (10.2) Metaphase cell from a patient with Wilms’
tumor showing loss of heterozygosity for the WT1 region in one chromosome 11 (arrowed).
The homolog deleted for WT1 is identified with an a-satellite probe specific for chromo-
some 11 (centromeric yellow signal).

Fig. 11 (see color plate number 3 after p. 178). Centromeric probes used following a
sex-mismatched bone marrow transplant. Alpha-satellite probes specific for chromosome X
(yellow signal) and chromosome Y (red signal) are useful when monitoring engraftment
following a transplant where the donor is of the opposite sex to the host. @ represents
engrafted female donor cell showing two o-satellite signals for chromosome X. O-> repre-
sents male host cell showing one each of a-satellite signals for chromosomes X and Y.
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Comparative Genomic Hybridization

Briana J. Williams

1. Introduction

Numerical genetic changes can be most easily examined by simply preparing
metaphase chromosomes and counting the number of chromosomes in the
spread. Unfortunately, it 1s often impossible to obtain high-quality metaphase
preparations from samples, especially solid tumors. Even more frustrating, it is
just such tissues that are particularly interesting to study. For example, numeri-
cal imbalances 1n these tumors might 1dentify the sites of either tumor suppres-
sor genes in deleted regions or proto-oncogenes in amplified regions involved
1n the initiation or progression of that particular disease. A submicroscopic
molecular method, such as loss of heterozygosity (LOH) or allelic imbalance
(AI), will provide much greater detail in a small region, but is impractical to
have that level of detail 10 a genome-wide screen. Because of these limitations,
a novel methodology was needed to evaluate the numerical genetic composi-
tion of interesting samples, especially solid tumors.

Comparative genomuc hybridization (CGH) was introduced 1n 1992 for the
detection of deletions and amplifications 1n solid tumors, and the technique is
still without rival as a one-step genome-wide screening for such numerical
abnormalities (/). In fact, CGH has now been reported for genetic imbalance
detection in many different types of solid tumors, leukemias, as well as
lymphomas, and for clinical applications such as monosomy/trisomy detection
(2-8). In general, CGH 1s a rather sophisticated application of several very
basic fluorescence in situ hybridization FISH techniques. In its simplest form,
CGH is carried out by labeling a test DNA (i.e., tumor DNA) 1 one color
fluorochrome (1.e., red) and a reference DNA (i.e., normal DNA from lympho-
cytes) in a second color fluorochrome (i.e., green), CGH 1s carried out under
suppression conditions, and so the oppositely labeled DNAs are mixed with a
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blocking DNA such as Cot-1, denatured, and allowed to preanneal to make the
repetitive DNA particularly at the centromeres unavailable for hybridization.
The denatured and preannealed DNA mixture is then applied to a slide with
normal metaphases, which act as a template for the hybridization. The length
of hybridization can be 48—96 h or more. After a rigorous postwashing proto-
col, the chromosomes are counterstained with DAPI and coverslipped for ob-
servation. In chromosomal regions that are present in the same relative copy
number 1n the test and reference DNAs, the resultant FISH signals will be an
equal mixture of red and green. In those regions that are not in relative numeri-
cal balance (because of abnormalities 1n the test DNA such as amplifications,
deletions or copy number changes of particular chromosomes), the FISH sig-
nals will appear either more red (amplifications or increased copy number) or
more green (deletions or decreased copy number) than the surrounding regions.
A dedicated computer software program and highly sensitive cooled-CCD cam-
era are absolutely necessary to accurately determine the relative fluorescence
intensity at each point along the medial axis of every chromosome (see Fig. 1).
It 1s possible, however, to visually 1dentify (but not mathematically analyze)
large regions of color imbalance or even relatively small amplified regions.
Whereas, while CGH is based on some very basic FISH methodologies, 1ts
correct technical application and analysis make it less accessible to all labora-
tories. CGH has some technical limitations that not only require a level of
sophistication 1n sample preparation and analysis, but may make CGH inap-
propriate for some other clinical applications. For example, CGH cannot detect
polyploidy, balanced translocations, inversions, or point mutations. Addition-
ally, CGH is carried out under extreme suppression conditions, making analy-
sis of sequences very near the centromere, telomeres, or heterochromatic
regions impossible. The technique has been reported to have successfully
detected approximately fourfold to sevenfold genetic amplifications. The dele-
tion detection limit of CGH is approx 10—20 Mb 1n cell lines and 20-30 Mb
in primary tumors (approximately the size of an average chromosomal band).
While this provides CGH with essentially the sensitivity of traditional cyto-
genetic evaluation, 1t 1s not limited by the low mitotic index of many tumors
Although, being a DNA-based assay, CGH 1s seriously limited by a high degree
of sample contamination by normal, nontarget cells. The use of paraffin-
embedded tissues (PET) for CGH analysis may overcome some of the limita-
tions of cellular heterogeneity as a sample can be carefully microdissected after
histological and pathological evaluation. Alternatively, where appropriate, cells
may be sorted by flow cytometry.

If very few cells are available, or if using CGH for a single-cell application,
PCR-based amplification of the DNA using universal primers may be used
(9,10). These methodologies may yield adequate amounts of DNA for CGH,



Fig. 1 (see color plate number 8 after p. 178). (A) Comparative genomic hybridization of a prostate cancer xenograft, LuCAP,
kindly provided by Drs. William Ellis and Robert Vessells, University of Washington. The tumor DNA was labeled in Texas Red and
the normal reference DNA in FITC (green). The following numerical imbalances were detected after digital analysis using CGH-
specific software provided by Vysis Inc., Downers Grove, IL: loss of regions of 2q, 6p, 8p, 9, 10p, 17p, and 18q, and gains of 3p, 3q,
5q, 6q, 7, 8q, 11q, 16q, and the X chromosome. Examples of whole chromosome loss are shown at the arrowheads (chromosomes
9), whole chromosome gain at the large arrow (X chromosome), and loss of p arm and gain of q arm material at the small arrows
(chromosomes 8); (B) an inverse DAPI (pseudo-Geimsa banding) image of the same metaphase for chromosome identification.
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but there is evidence that the amplification may not cover the entire genome or
be entirely random, and it may be allele specific at many loci. The minimal
technical requirements for both sample preparation and analysis are examined
in a number of recent publications (1/—-/6). These should be reviewed before
beginning CGH experiments,

2. Materials

2.1. Labeling of DNA by Nick Translation for CGH

Texas Red-dUTP (NEN DuPont, Boston, MA).

Fluorescein-dUTP (NEN DuPont)

Commercially avatlable nick translation kit (Gibco/BRL, Garthersburg, MD)

DNA Polymerase I enzyme (such as from Gibco/BRL)
Distilled water

2.2. Column Chromatography

Sephadex G50 column, or prepare as follows: 1 cc syringe glass wool, 15-mL
conical tube, and TE- (10 mM Tris-HCI, pH 8.0, 0.1 mM EDTA, pH 8.0).

2.3. Preparation of the DNA Mixture

Cot-1 DNA (Gibco/BRL).

1.5-mL microfuge tube.

3M Sodium acetate, pH 5.5

Absolute ethanol

50% hybridization mixture (such as Hybrisol VII, Oncor, Gaithersburg, MD)
Formamuide.

2X SSC (pH 7 0)

Cold ethanol series (70, 90, and 100%)

22 x 50 mm glass coverslip.

. Humid chamber.

2.4. Posthybridization Washes

1 50% Formamide/2X SSC (pH 7.0) at 45°C, 3 jars.

2X SSC (pH 7.0) at 45°C.

2X SSC (pH 7.0) at room temperature.

PN buffer: 0 1M NaH,PO,, 0 1M Na,HPO,, 0.05% Nomnidet P40, pH 8.2.
Dastilled water

2 mg/mL of 4'-Diamidino-2-phenylindole dihydrochloride (DAPI) in antifade solution.
22 x 50 mm glass coverslip

3. Methods

3.1. Extraction of DNA for CGH

DNA should be high-quality, high-mol-wt DNA extracted using standard
extraction techniques or from any number of commercially-available kits.
Approximately 200-400 ng of DNA are required for each CGH slide, but a

DA

—



Comparative Genomic Hybridization 187

considerable DNA 1s lost 1n the various manipulations. The numerical alter-
ations found in CGH experiments should be verified by repeating the hybnd-
ization with the DNAs labeled in the opposite colored fluorochromes (1.¢., for
experiment 1 red test/green reference and for experiment 2 green test/red refer-
ence). Therefore, at least 1.5 ug of DNA should be available for analysis. If
using PET samples, additional (up to 4 d, adding enzyme each day) Proteinase K
digestion may be required to provide high enough yields.

3.2. Labeling of DNA by Nick Translation for CGH

Label the test and reference DNA with different fluorescent nucleotides,
such as Texas Red-dUTP and fluorescein-dUTP (NEN DuPont) using a com-
mercially-available nick translation kit and additional DNA Polymerase 1
enzyme (such as from Gibco/BRL) to increase the length of the resultant frag-
ments. (The average fragraent length should be 1.5-3.0 kb, adjust enzymes as
necessary.)

On ice, mix: a volume of DNA to equal 1.5 pg, a volume of dH,O required
to make a final volume of 50 puL, 5.0 uL Solution A4 (contains dATP, dCTP,
and dGTP), 1.0 pL fluorescent dUTP (either red OR green), 5.0 pL Solution C
(enzyme mix containing Polymerase I and DNAse I), and 1.0 uL Polymerase I
(holoenzyme). Final 50-uL vol.

1. Quick-spin the tubes and incubate for 1 h at 16°C.
2 After 1 h, add 5 uL stop buffer.
3. Remove unincorporated nucleotides from sample by column chromatography

3.3. Column Chromatography

The unmincorporated nucleotides will create excess background signals and
must be removed. Ethanol precipitation is not sufficient for complete removal
of the excess label and should not be used. Apply sample to premade Sephadex
G-50 column, or prepare as follows:

1. Prepare column by plugging a 1-mL syringe without needle with a small piece of
glass wool.

2 Place the syringe in a 15-mL conical tube.

3. Allow a full column of TE™ to run through the plugged syringe.

4. Carefully fill the syringe, from the bottom up, with Sephadex G-50 fine beads

pre-swollen with TE™

After the excess TE has dripped out, spin the column at 90g for 3 min

6. Remove the excess TI: from the tube and carefully load the 55-pL labeled DNA
sample to the column (a maximum of 3 tubes can be run over a single column)

7 After the sample has run into the column bed, add an equal volume of TE

Spin exactly as above, and remove eluent to storage tube,

9. The approximate concentration is 14 ng/pL, or 1t can be more precisely quantitated.

e

®
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3.4. Preparation of the DNA Mixture

1 Place 200400 ng of labeled test DNA, an equal concentration of reference DNA
and 50 pg of Cot-1 DNA (Gibco/BRL) in a 1.5-mL microfuge tube

2 Add 01 vol of 3M sodium acetate, pH 5 5, mix, and add 2.25 vol of absolute
ethanol; mix

3. Centrifuge at >12,500g for 30 min.

4 Decant and dry for 15 mn.

5. Dissolve pellet in 20 ul. 50% hybridization mixture (Hybrisol VII, Oncor).

6. Denature 5-10 min at 73°C, and preanneal at 37°C for 15-60 min.

7. Simultaneously denature shides in 70% formamide, 2X SSC, pH 7 0, for 2
min at 73°C.

8 Dehydrate slides through a cold ethanol series (70, 90, and 100%) Air dry and
warm to 37°C

9 Apply the probe/hybridization mixture to separately denatured shdes and coverslip
with a 22 x 22 mm glass coverslip. Seal the coverslip in place with rubber cement

10 Incubate 48-96 h at 37°C 1n a humid chamber

3.5. Posthybridization Washes
Each wash takes 10 min at the specified temperature.

Washes 1-3: 50% formamide/2X SSC (pH 7 0) at 45°C
Wash 4: 2X SSC, pH 7 0 at 45°C

Wash §5: 2X SSC, pH 7 0 at room temperature

Wash 6: PN buffer at room temperature

Wash 7: Distilled water at room temperature

Aur dry the slide; apply 25 uL. DAPI n antifade solution and coverslip with
a 22 x 50 mm glass coverslip. Visualize the slide.

3.6. Image Analysis

While some of the numerical changes (particularly amplifications) can be
directly visualized, quantitative analysis of CGH results requires a sophisti-
cated software program dedicated specifically to CGH analysis. The specific
procedures to follow are unique to each manufacturer’s program, but the gen-
eral concepts are common to all of the systems. The basis for CGH analysis 1s
the separate quantitation of the red signal intensity and green signal intensity
and the plotting of these relative to one another at each pixel along the medial
axis of each chromosome. In order to accomplish this, the chromosomes must
be identified by their DAPI banding pattern, which is technically challenging
to those without cytogenetic experience or much practice. Most of the analysis
packages available will produce an enhanced “pseudo-Geimsa” banding pat-
tern based on the DAPI staining, which 1s more helpful for identification. Once
the chromosomes are identified, the medial axes may be drawn and the soft-
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ware then calculates the intensity profiles for each chromosome. The informa-
tion is gathered and pooled over several metaphases and average profiles with
standard error measures can be made for each chromosome. Deviations above or
below established thresholds signify increases or decreases in the relative DNA
copy number at those regions of the chromosome.

There are a number of variables in the CGH technique and analysis that are
particularly important. For example, if the chromosomes are not correctly
identified, the resultant profiles will be skewed and authentic deletions or
amplifications may be missed (or alternatively, significant findings may be
erroneously determined). 1f the hybridization is not fairly smooth and uniform
across each metaphase or the illumination of the microscope is not even across
the field, the intensity measurements will not be accurate. There are many rea-
sons for each of these deficiencies, including uneven drying of the metaphase
preparation, poor label incorporation in the probe, inefficient hybridization,
chromatic abnormalities of the microscope, and an almost endless list of other
variables that could affect the CGH outcome. CGH is an incredibly powerful
screening tool, but its technical demands are not to be underestimated.

4. Notes

Clinical Applications: CGH was originally reported for the research-based
analysis of solid tumors. Most of the publications to date continue to use CGH
for this purpose with some success in identification of genetic deletions and
amplifications important in various tumor types. Since 1ts introduction, CGH
has also been applied to leukemias and lymphomas, and a number of clinical
applications have been suggested. In most clinical diagnostic situations, how-
ever, time 1s of the essence, and any diagnostic technique must produce results
quickly, accurately, and reproducibly. For these reasons, CGH technology to-
day may not be aeceptable for many clinical applications. The following ex-
amples illustrate these limitations. CGH could theoretically be used to screen
prenatal samples for trisomies and monosomies across the genome. The time
required for the present CGH technology, however, makes this less useful than
other FISH-based screening techniques using a combination of centromeric
and single-copy probes for the clinically significant trisomies and monosomies
(13,18,21,X,Y) that can be processed in the same day that the sample 1s col-
lected. Because the hybridization kinetics of CGH do not allow for analysis at
the telomeric and centromeric sequences, this technique 1s not useful for the
identification of the chromosomes involved in cryptic, unbalanced transloca-
tions, which involve the telomeric sequences of one chromosome. The time
required for CGH hybridization and analysis, as well as the requirement for a
relatively large sample for DNA preparation, makes CGH less useful for analy-
sis of small numbers of cells such as in preimplantation diagnostics. While the
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DNA can be amplified using universal primers, the nonuniformity of the
amplification remains a limitation. The second generation CGH technologies
may overcome many of these limitations, but the technique will undoubtedly
remain technically demanding. Even today, in the most experienced and skilled
hands, CGH does not provide analyzable results in a significant proportion of
the samples attempted.
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In Situ Hybridization of Cells and Tissue Sections

Simon J. Conway

1. Introduction

In situ hybridization (I$H) has become a powerful and versatile method for
the detection and localizaiion of nucleic acid sequences within cells or tissue
preparations. The technique provides a high degree of spatial information; spe-
cific DNA or RNA sequences can be located within a small subpopulation of
cells, chromosomes or even mdividual cells within a tissue sample. ISH can be
used to identify sites of gene expression, 1dentify and localize viral infection,
follow changes 1n specific mRNA synthesis, and map chromosomes.

Detecting messenger RNAs in individual cells and tissues has become a
standard technique of molecular biology that 1s used in a broad range of disci-
plines from developmental biology to pathology (7). The analysis of gene
expression patterns can yield clues about the function(s) of the gene of interest.
In addition to offering information about the normal tissue context of gene
expression, ISH offers a potential advantage in sensitivity over filter hybrid-
ization in cases where the sequence of interest 1s present in only a small number
of cells within a large mixed population. Such sequences may be undetectable
in tissue extracts owing to dilution by other sequences from the surrounding
tissue. The technique 1s especially powerful in the study of tissue, such as
human and embryonic material, where RNA cannot easily be prepared from
single tissues owing to the difficulty of dissection and the small amounts of
material obtained. In contrast, ISH enables the localization of several different
sequences with a single tissue sample or embryo. This technique is also comple-
mentary with tissue that has previously been prepared for histopathology.

The principle of the tecanique is simple. In brief, a single-stranded antisense
probe of complementary sequence to the sense-strand RNA of interest, is
hybridized to the sense RNA in a fixed tissue section. The remaining unbound

From Methods 1n Molecular Medicine, Molecular Diagnosis of Cancer
Edited by F E Cotter Humana Press Inc, Totowa, NJ

193



194

Conway

probe is then removed and the sites of hybridization are revealed, using autora-
diography for radioactively-labeled probes and a “color reaction” detection
method for nonradioactive probes When adjacent sections are hybridized with
antisense and sense RNA probes as a control, any signals seen only with the
antisense probe can be assumed to be specific signals.

2. Materials

2.1.
1.

o

0o AW

11.
12.
13
14
15
16
17

2.2.
2.2

R

Preparation of Probes

Sterile distilled water treated with diethylpyrocarbonate (DEPC)

10X Transcription buffer 400 mM Tris-HC, pH 8 25, 60 mM MgCl,, 20 mM
spermidine

0.2M DTT.

2 5 mM GTP/ATP/CTP mix, pH 8.0.

Linearized plasmid (1 pg/uL)

Placental ribonuclease inhibitor (100 U/uL)

35S-UTP (1000—1500 C1/mmol)

SP6, T7, or T3 RNA polymerase (10 U/uL)

Deoxyribonuclease I: 50 mg/mL—rnibonuclease-free

Alkaline hydrolysis solution. 0.2 NaHCO, and Na,CO;.

Yeast RNA (10 mg/mL)

Sephadex G50 or Biogel Al.5m column.

Column buffer. 10 mM Tns-HCI, 1 mM EDTA (pH 7.5), 10 mM DTT, 0.1% SDS
6M Ammonium acetate, pH 5.2

Absolute ethanol.

80% Ethanol,

Hybridization buffer: 50% deionized formamide, 0 3M/ NaCl, 20 mM Tris-HCI,
5 mM EDTA, pH 8.0, 10% dextran sulfate, 1X Denhardt’s solution, 0 5 mg/mL
yeast RNA. Store in aliquots at —70°C. Avoid freeze-thawing the probes

Preparation of Slides and Coverslips
1. Slides

10% HCl/70% ethanol.

Distilled water (DEPC-treated)

95% Ethanol

TESPA (3-ammopropyltrethoxysilane—Sigma number A3648). 2% 1n acetone.
Acetone

2.2.2. Coverslips

1.
2.
3.

100% Ethanol
Acetone.
Distilled water (DEPC-treated).
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2.3. Tissue Fixation, Embedding and Sectioning
2.3.1. Wax Embedding

L.
2.

= NEV I

Phosphate buffered saline (PBS) treated with DEPC and sterilized by autoclaving,
Paraformaldehyde (4% ) (PFA) in PBS (PFA 8 g in 180 mL sterile water 1s dis-
solved at 65°C on the clay of use. Add five drops of 1A NaOH and cool to room
temperature, then add 20 mL of 10X PBS). It is toxic and skin contact or inhala-
tion should be avoided.

PBS:ethanol (1°1).

50, 70, 85, 90, and 100% Ethanol

Xylene, toluene, or Histoclear.

Histoclear:wax (1 1) (vee Note 1).

2.3.2. Frozen Sections

Kb W —

24.

SR WD~

o~

2.5.

Nk W=

2.6.

1.
2.
3

Tissue-Tek OCT embedding mediuvm.
Liquid nitrogen.

4% Paraformaldehyde i PBS.

PBS.

30, 50, 70, 85, 95, 99 and 100% Ethanol

Prehybridization

Haistoclear.

100, 95, 85, 75, 50, and 30% Ethanol.

Saline (0.83% NaCl)

PBS.

Paraformaldehyde (4%) in PBS.

Proteinase K: 1 pug/mL, freshly diluted from 10 mg/mL stock 1n 50 mM Tris-HC],
5 mM EDTA, pH 8.0. Buffer 1s sterilized by autoclaving.

Glycine: 2 mg/mL in PBS

Triethanolamine HCL: 0.1, pH 8.0. Triethanolamine is sterilized by autoclaving.
Acetic anhydride (this 1s toxic and volatile).

Hybridization

Dithiothreitol (DTT).

Hybridization buffer (see Section 2.1.).

Tissue paper.

50% Formamide.

5X SSC: 0.3M NaCl, 9.03M trisodium citrate, pH 7.0

Washing

Wash solution 1: 5X SSC and 10 mM DTT

Wash solution 2: 50% formamude, 2X SSC, 10 mM DTT

Wash solution 3: NTE buffer consisting of 0 5M NaCl, 10 mM Tris-HCI, 5 mM
EDTA, pH 8.0.
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Wash solution 4: 20 pg/mL ribonuclease A in NTE buffer.

Wash solution 5: 2X SSC.

Wash solution 6° 0 1X SSC

30, 60, 80, and 95% Ethanol (ethanol dilutions made with distilled water contain-
mg 0 3M ammonium acetate).

8 100% Ethanol.

2.7. Preliminary Autoradiographic Check
1. Autoradiographic film (Beta Max—Hyperfilm).
2 3MM paper

2.8. Autoradiography

1 Kodak Wratten series II safehight.
2 Water bath set at 45°C
3 Large light-tight box.

Novuh

2.8.1. Preparation

1. Autoradiographic emulsion (Ilford K5) (prediluted vials of emulsion, stored at
4°C) diluted 1:1 with distilled water containing 600 mM sodium acetate, giving
a final concentration of 300 mM and 1% glycerol to prevent cracking

2 Sterile water

3. Desiccant beads

4. Aluminium foil

2.8.2. Development of Slides
Make up fresh reagents.

1 Developer: Ilford Phenisol 1:4 solution
2 Stop bath: 2-5 drops acetic acid in cold sterile water.
3. Fixer 30% sodium thiosulfate or a commercial fixer (e g., [Iford Rapid fix)

2.8.3. Staining

Staining solution (0.02% toluidine blue/water).
Distilled water.

70, 100% Ethanol.

Xylene

AW~

3. Methods

3.1. Preparation of Probes

Radioactive and nonradioactive probes can be synthesized in a number
of ways. Kits can be brought to make random primed or end labeled double-
stranded DNA probes, or single-stranded RNA probes. Generally, single-
stranded antisense RNA probes are preferred to double-stranded DNA probes,
as single-stranded RNA probes have been shown to be more sensitive—up to
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eight times that achieved with double-stranded DNA probes (2) and give more
reproducible results. Antisense RNA probes offer several advantages. First,
and most importantly, 1s the ability to use ribonuclease to reduce nonspecific
background as RNA/RNA duplexes are resistant to mild RNase treatment.
Second, there is no complementary sense strand to compete for probe in the
hybridization as there would be with a double-stranded DNA probe. Third, a
higher wash temperature can be used, as the binding between RNA/RNA
duplexes is stronger than between RNA/DNA duplexes. Also, DNA probes offer
no sense/antisense comparison, so having good controls may be a problem

However, DNA oligonucleotides can be useful for certain studies, as 1t is
possible to design probes that distinguish transcripts with a few sequence
differences, e.g., closely related members of a gene family or alternatively
spliced RNAs from the same gene. A problem with the use of oligonucleotides
18 that they are relatively insensitive owing to their low complexity, but probes
as short as 25 bases have been shown to give specific hybridization when tar-
get abundance is high (3, although longer probes show increased hybridiza-
tion signals

The choice of label depends on the resolution required. Low-energy 3H
probes allow accurate localization of the target sequence within a single cell and
are both cheap and last for a long time. However, owing to the low specific
activity of 3H, long exposures of weeks or even months are required to achieve a
satisfactory detectable signal. Therefore, 3°S-labeled probes are more com-
monly used: they can be synthesized to a high specific-activity and give good
cellular resolution relatively rapidly, and last for 6-8 wk. When using DNA
probes, high specific-activity 32P-labeled probes can be used and give immedi-
ate results, but the resolution is poor and the probes have to be used quickly
before they degrade (within a couple of days). Nonradioactive techniques for
ISH and whole-mount ISH have also been developed. Whole-mount ISH offers
several advantages: particularly simplification of the detection and interpreta-
tion of gene expression patterns, rapid results, indefinite storage of probes,
and, most importantly, safety (4,5). Nevertheless, these methods are at present
less sensitive than radioactive probes, and are not compatible with other rou-
tine histopathology procedures.

3.2. Preparation of 3°5-Radiolabeled Probe

Single-stranded RNA probes are synthesized by in vitro transcription with
high efficiency, and thus high specific activity from either the T3, T7, or Sp6
RNA polymerase bacterial promoters. Several vectors such as Bluescript,
Bluescribe, pGEM, or SP6 plasmid vectors are useful (6). In order to transcribe
the insert and not the plasmid, the vector must be linearized with an enzyme
that cleaves downstream of the insert in the multiple cloning site. The digest 1s
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then phenol-extracted, washed with ethanol, dried, and redissolved in sterile
distilled water. Details of subcloning, linearization, and isolation of plasmid
DNA can be obtamed from ref. 7.

The transcription reaction and all subsequent reactions must be free of ribo-
nuclease (see Note 3). Three unlabeled and one radioactive ribonucleotide are
used to transcribe the probe. UTP 1s the ribonucleotide of choice as the poly-
merase enzymes have the highest affimty for this nucleotide, and, as such,
probes of high specific activity can be synthesized. Very high specific-activity
probes can also be synthesized using two unlabeled and two radioactive ribo-
nucleotides. The amount of probe synthesized can be determined from the
incorporation in disintegrations/min and the specific activity of the 1sotope
(Ci/mmol) by using the following formula:

RNA synthesized (ng) = (dpm x 9.1 x 10 —4) / Ct/mmol

The incorporation 1s usually between 50 and 80%. A good reaction will yield
1 mg of probe with a specific activity of 6-8 x 108 dpm./ug of probe.

It has been found that the optimal length of probe is around 100 bases, pre-
sumably enabling easy tissue penetration. Thus, if large insetts are transcribed,
the RNA can be reduced 1n size by limited alkaline hydrolysis, as described in
steps 5 and 6 of the following protocol. However, it is best to use an insert of
around 100200 bases, and avoid alkaline hydrolysis—as sometimes this
results in high backgrounds. In practice, transcription usually results in the
majority of the transcripts of the RNA probe being less than full length.

3.2.1. Synthesis of Single-Stranded RNA Probes

1. Mix the following reagents in the order at room temperature: 3 pL sterile distilled
water, 2 uL. 10X transcription buffer, 1 Ll 0.2M DTT, 2 pyL 2 5 mM GTP/ATP/CTP
mix, } pl hinearized plasmd, 0.5 pL placental ribonuclease nhibitor, 10 pL
35S-UTP, and 0.5 uL SP6, T7, or T3 RNA polymerase

Incubate at 37°C for 1 h.

Add 50 mg/mL deoxyribonuclease I to remove DNA template.

Incubate at 37°C for 15 min.

Add an equal volume (20 pL) of alkaline hydrolysis solution.

Reduce probe size to 100 bases by incubating at 60°C for ¢ min, where

t=(Lo~L{/(0 11 x Lo x Lf)

(Lo 1s the original probe length and Lf 1s the desired probe length m kb)

7. Add 1 pL of yeast RNA

8 Separate RNA from unincorporated nucleotides by fractionation on a Sephadex
G50 or Biogel Al.5m column (e g., 1n a Pasteur pipet) using column buffer.
Determine the radioactivity present in an aliquot of each fraction; the first
peak eluted will contain the probe and the second peak will consist of unincorpo-
rated nucleotides

dvA W
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9. Pool the peak fractions containing probe, add 0.5 vol of 6M ammonium acetate,
2 vol of ethanol and mncubate at —20°C for a minimum of 2 h or at —70°C for

30 min
10 Centrifuge at 13,000g for 20 min and wash pellet in 80%, then 100% ethanol

before drying.
11 Resuspend pellet at 2 % 10% cpm/pL in 100 mM DTT
12. Add 9 vol of hybridization buffer and store at —70°C.

3.3. Slide and Coverslip Preparation

Tissue sections or cells undergo a variety of relatively harsh treatments dur-
ing the hybridization and washing steps. Hence, the slides should be thoroughly
cleaned, sterilized, and coated to facilitate tissue adhesion. Slides can be stored
dust-free at room temperature and used several months after coating.

3.3.1. Slides

1. Dip shides 1n 10% HCl/70% ethanol, followed by distilled water, and then
95% ethanol

Dry in oven at 150°C for 5 min and allow to cool

Dip slides tn 2% TESPA in acetone for 10 s.

Wash twice with acetone and then distilled water (DEPC-treated).

Dry at 42°C.

[SANE SSRCE N o

3.3.2. Coverslips

Wash n acetone and store 1n beaker of 100% ethanol.
Wash twice in 100% ethanol and dry for 10 min.
Immerse 1n silane for 2 min and dry.

Wash twice in water (DEPC-treated)

b e

3.4. Tissue Fixation, Embedding, and Sectioning

Fixation is one of the most important steps in obtaining good ISH results.
Optimal fixation and sample penetration must retain the maximal level of
cellular target RNA while maintaining morphology and allowing access of
the probe. There are two methods commonly used for the preparation of tis-
sue for ISH. Samples can either be frozen in liquid nitrogen and sectioned on
a cryostat, or fixed with a crosslinking fixative and embedded in paraffin
wax prior to sectioning. Messenger RNA is enzymatically degraded by
RNases, thus tissue should be fixed or frozen as soon as possible for optimal
results—within 10 min of tissue extraction 1s a safe limit. Tissues are kept on
ice during preparation before fixation, so as to reduce the effects of RNase.
Cryostat sectioning requires less tissue preparation, and may be more sensi-
tive, but the sectioning of wax-embedded tissue is the most commonly used
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method. Wax sections yield better tissue preservation, allow serial section-
g, and can be stored almost indefinitely. Fixation in paraformaldehyde, fol-
lowed by embedding in wax, is the best compromise allowing permeability
and good target retention.

3.4.1 Wax Embedding

1. Dissect out tissue 1w ice-cold PBS

2 Place mn 1ice-cold 4% PFA n PBS and leave at 4°C overnight.

3. Successively replace solution with the following, each for at least 30 min and
with occasional agitation. PBS at 4°C twice; PBS.ethanol (1°1); 50% ethanol,
and 70, 85, 90, and 100% ethanol Absolute (100%) ethanol must be used for the
efficient penetration of wax For large samples, these times must be increased.
Samples can be stored indefinitely in any of the alcohol solutions

4. Replace solution with xylene, Toluene, or Histoclear, twice for 1 h each, then a
Histoclear:wax (1:1) mix at 60°C for 30 min, followed by three changes of wax,
each for 40 min. It is important not to exceed these times, unless this 1s necessary
for larger samples, such as adult tissues

5. Transfer samples to a mould, orientate, and allow to set. For convenience,
use glass embryological dishes (Raymond Lamb) placed on a heater block at
60°C The samples can be orientated under a dissecting microscope using a
warmed needle.

6 Store at 4°C until required for sectioning.

7 Cut ribbons of 5-10 um sections

8 When required part of tissue is reached, place sections onto a subbed shide con-
taining a large drop of water on a hotplate at 45°C.

9 Float sections until creases disappear the section should expand to 1ts original size.

10 Dry shdes at 37°C overnight and store desiccated at 4°C

3.4.2. Frozen Sections

Place tissue in tin foil mould half filled with OCT embedding medium
Fill mould with OCT.
Touch mould onto surface of liquid nitrogen until solid
Store at —70°C . Blocks frozen for 3 mo can give good results.
Remove blocks from —70 to —20°C and trim with razor blade, mount onto cryostat
chuck using OCT and rapid cooling on dry 1ce
Cut sections at —20°C at 8-10 um.
7. When required part reached, pick up individual sections by slowly bringing
subbed slide at room temperature next to section
8. Auir dry sections onto slides for a few minutes at room temperature—dust free.
9. Fix 1n 4% PFA in PBS for 20 min
10. Wash 2 x 5 min 1n PBS
11 Dehydrate in ethanol series: 30 s each 1n 30, 50, 70, 85, 95, 99, and 100% water.
12, Air dry for 10 min
13. Store as wax sections

hoR -
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3.5. Prehybridization

A number of prehybridization treatments are used to improve signal and
reduce nonspecific binding during hybridization (background). Paraffin
sections require dewaxing, then rehydration. The tissue 1s then permeablized
by protewnase K digestion of protein to allow entry of the probe. The protease is
inhibited using glycine, and an acetylation step 1s used to help reduce
background by blocking amino residues. Postfixation enables the morphology
to be maintained.

1. Dewax slides in Histoclear, twice for 10 min, and then place in 100% ethanol for
2 min to remove most of the xylene.

2. Transfer slides quickly (30 s) through 100% ethanol (twice), 95, 85, 75, 50, and

then 30% ethanol.

Transfer slides to salime, and then PBS for 5 min each.

Immerse slides in fresh 4% paraformaldehyde in PBS for 20 min,

Wash with PBS, twice for 5 min.,

Drain slides, place them 1n a dish containing 1 ug/mL proteinase K. Leave for 30

min at 37°C

Place in 2 mg/mL glycine in PBS for 30 s to block the proteinase reaction.

Wash with PBS for 5 min

9. Repeat fixation in 4% paraformaldehyde in PBS for 20 min. The same solution

from step 4 can be used

10. Wash in distilled wazer and place 1n 0.1M triethanolamine HCI set up with a
rapidly rotating stir bar, 1n a fume hood.

11 Add 1/400 of acetic anhydride and leave for 10 min.

12 Wash with PBS and then saline for 5 min each

13 Dehydrate shides quickly passing through 30, 50, 70, 85, 95, and 100% ethanol
twice. To avoid salt deposits on the slides, they should be left in 70% ethanol
for 5 min

14 Air-dry and use on the same day for hybridization.

v W
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3.6. Hybridization and Washing Sections

Hybridization of the probe to the target RNA is usually complete after 46 h,
but for convenience, hybridization 1s carried out overnight (8). The optimum
probe concentration is that which gives the best signal-to-noise ratio. This is
the concentration that just saturates the target RNAs: the formula 1s 0.3 pg/mL
of probe per kb of probe length (see ref. 2). However, for convenience,
probes are used at a concentration of 300 ng/mL in the hybridization buffer.
Before hybridization, the probes are heat denatured 1n order to remove any
possible secondary structure that would inhibit hybridization. Always keep
the probe in a reduced state by adding DTT, as this helps to keep the back-
ground minimal.



202 Conway
3.6.1. Hybridization

1 Heat hybridization mix including probe at 80°C for 2 mun (see Section 3 2.1 , step 12)

2 Vortex and spin probe to mix and remove any bubbles.

3. Apply hybridization mix to shide, adjacent to sections Approximately 10 pL/18
x 18-mm slide (15 pL for large tissues).

4. Gently lower a clean coverslip so that the hybridization mix 1s spread over
the sections

5 Place shides horizontally 1n a plastic slide box, together with tissue paper soaked
1n 50% formamude, 5X SSC, and seal the box to form a moist chamber. The box
18 arranged in the oven such that the shides have the sections facing up, with the
coverslips on top

6 Incubate overnight at 50-55°C

3.6.2. Washing

It 1s important to keep the tissues moist, therefore transfer the shides nto
racks already immersed 1n solutions whenever possible DTT is labile, and
thus 1s the last item added to soluttons. It is important to remove the formalde-
hyde and DTT completely before the RNase step, otherwise the RNase 1s
mactivated. The RNase A step should eliminate nonspecific hybridization, as
bonafide hybrids are RNase resistant.

1. Remove slides and place 1n a slide rack 1n wash solution 1 at 50°C for 30—60 min
for coverslips to fall off

2 Place shdes in wash solution 2 exther at 50°C for 60 min for low-stringency wash-

ing or at 65°C for 30 min for high-stringency washing

Wash three times for 10 min each with wash solution 3 at 37°C

Treat with wash solution 4 at 37°C for 30 min

Wash with wash solution 3 at 37°C for 15 min.

Repeat either the low or high-stringency wash of step 2.

Wash in wash solution 35, and then wash solution 6 for 15 min each at 37°C

Dehydrate slides by quickly putting them through 30, 60, 80, and 95% ethanol

(including ammonium acetate), followed by 100% ethanol, twice

9. Aur-dry for 30 min, then use for autoradiography.

PN L s W

3.7. Preliminary Autoradiographic Check

Rather than dipping the slides and developing test slides over a time period,
the slides can be placed against an autoradiographic film (Beta Max — Hyperfilm)
to produce a low-resolution image. Using a rough relationship that a 1-d expo-
sure on Beta Max equals a 3-d exposure of dipped slides, it 1s possible to get a
rough idea of how long to expose the dipped slides for. This step can also be
used to test whether the experiment has worked, and so whether 1t is worth-
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while to proceed to dip and expose the shdes. An example of exposure to auto-
radiographic film can be seen in Fig. 1A.

1. Place slides on 3MM paper and stick down with tape, section side up
Place slides against autoradiographic film under safelight conditions

3 Develop 24 h later and check background vs signal If there is no difference, then
put against an autoradiograph for 48 h

3.8. Autoradiography

All of these steps are carried out in the darkroom. The autoradiographic
emulsion is very sensitive to light, All the following steps are to be carried out
under safelight conditions (Kodak Wratten series II safelight). The darkroom
should be equipped with a water bath set at 45°C, a dipping chamber, and a
large light-tight box to dry the emulsion after application to the slides (see
Note 4).

3.8.1. Preparation

1 Set water bath at 45°C.

2 Use prediluted vials of emulsion (stored at 4°C), which are diluted 1:1 with dis-
tilled water containing 600 mM sodium acetate, giving a final concentration of
300 mM and 1% glycerol to prevent cracking.

3 Boil slide chamber (10 mL vol) in sterile water to clean.

4. Unwrap emulsion vial (stored 1n 10-mL aliquots) and leave i water bath for 20
min to melt

5. Fill chamber with emulsion

6. Check emulsion is bubble free by dipping a clean slide and examining 1t for an
even coating Repeat this until bubbles are removed. Next, dip the experimental
slides, allowing each to drain vertically for 2 s, wiping the back of the slide and
placing it vertically in a wooden rack to dry.

7. Transfer all slides to plastic tray and dry for 1 h. It 1s important that the shides are
completely dry during exposure.

8. Place tray in a glass dish wath desiccant beads in the bottom, covered with paper
towel. A lump of tape: can be stuck on the front right hand side of the dish so as to
locate the position of the tray in the dark.

9. Wrap dish in three sheets of new foil and place at 4°C.

10. The refrigerator used must not be used to store radioactive sources. In addition,
the emulsion is sensitive to shock, so the slides must be treated gently

11. Exposure times can be calculated approximately from the preliminary autoradio-
graphic test (see Note 5).

3.8.2. Development of Slides

1. Remove box of shides from 4°C and warm to room temperature (1-2 h).
2. Under safelight conditions, using a Kodak Wratten series II safelight, in a dark-
room, transfer the slides through developer to fix.
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Fig. 1. Hybridization of **S-labeled Pax3 mouse sense and antisense probes to
mouse sections. Sagittal sections through a 13-d-old embryo reveal Pax3 mRNA
expression in the neural tube, mid- and hind-brain, and upper and lower jaws. High-
stringency washes were carried out to obtain low nonspecific background. (A-D) were
hybridized with the antisense probe, and (E) and (F) were hybridized with the control
sense probe. (A) Light-field photograph of the exposure left on the autoradiographic
film after 4 d. Several consecutive sections all display the same expression patterns.
(B) Enlargement of A. (C) Light-field photograph of the dipped and exposed slide
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3

4

Make up fresh reagents:

a. Developer: Ilford Phenisol 1:4 solution for 5 min at 19°C

b. Stop bath: 25 drops acetic acid 1n cold sterile water

¢ Fixer: 30% sodiura thiosulfate or a commercial fixer (e.g., IIford Rapid fix)
for 5 min.

(The temperature of the developer 1s critical, as 1t effects the size of the silver

grains produced; the warmer the developer, the larger the grains).

Wash m tap water for 10 min. The light can now be turned on.

3.8.3. Staining

1.
2.

3.

Stain lightly in a 0.02% Toluidine blue/water staining solution.

Wash the shdes twice mn distilled water for 10 min, quickly transfer through 70
and 100% ethanol, xylene twice, and air-dry.

Add the coverslip and lay slides flat overnight to dry.

3.9. Photography

The localization of silver grains can be seen under both bright-field and

dark-field illumination, but dark-field allows more accurate visualization. This
can be seen in Fig. 1.

4. Notes

1.
2.

Many alternative paraffin waxes can be used, such as pastillated Fibrowax (BDH)
“3' overhang enzymes” ‘hang on’ and start to reverse transcribe the opposite
strand. If you are forced to use a 3' overhang, then the digest should be blunt-
ended (e.g., T4).
It is essential to bake (180°C) or autoclave all tubes and pipet tips. Double-dis-
tilled water used for all buffers (except Tris and EDTA, which inactivate DEPC)
should be treated with 0.1% DEPC and sterilized by autoclaving. Gloves should
be worn at all times to avoid contamination with ribonucleases.
The autographic emulsion has a gelatin base. It 1s solid at room temperature and
becomes liquid at 45°C.
The following are vaiious problems that can be encountered together with some
possible causes and appropriate remedies:
a Low hybridization signal
» A low probe concentration, which can be remedied by increasing the probe
concentration. The amount of probe should be checked after purtfication,
* Degradation by nuclease digestion. Ensure all appropriate solutions and
equipment are sterilized, this is particularly important for RNA probes and
target RNA. Wear gloves at all times,

after 12 d. A magnified image of the Pax3 mRNA expression 1n the lower jaw 1s shown
(D) Dark-field photograph of C. (E) Light-field photograph of the lower jaw 1s shown.
There 1s no hybridization with the sense probe. (F) Dark-field photograph of E. Mag-
nifications: A x40; B x100; C—F x400.
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« Large probe size Alkaline hydrolysis to reduce probe size (RNA probes)
Optimize hydrolysis time for each of the RNA probes

» Poor probe labeling: the label incorporation should be checked Ensure the
use of control reagents for labeling reaction.

» Low specific activity: can be altered by using fresh radioactive label

+» Short autoradiography exposure, which can be changed by increasing ex-
posure time (check exposure with film first)

b High background.

« Long autoradiography exposure, which can be changed by decreasing ex-
posure tume (check exposure with film first)

« Emulsion—use fresh emulsion and developing chemicals

» High probe concentration (check probe amount after purification)}—reduce
probe concentration

» Emulsion exposed to light/radiation before or during exposure check light
tightness of darkroom and storage conditions.

» Patchy background signal. Check emulsion—<lean all old emulsion from
dipping chamber before reuse
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Apoptosis Detection by DNA Analysis

Paul D. Allen and Adrian C. Newland

1. Introduction

Apoptosis 1s a series of controlled sequential events resulting in cell death.
This complements proliferation in the maintenance of tissue homeostasis. The
process is regulated to give a “shrinking cell” with a characteristic appearance.
Apoptotic cells undergo compaction of nuclear chromatin and cytoplasmic con-
densation followed by budding of the cell to form membrane bound apoptotic
bodies (1,2). These contain varying proportions of cellular organelles and
nuclear material and are rapidly phagocytosed by surrounding cells. Cell loss,
therefore, is achieved without the induction of inflammation. The discovery
that certain proto-oncogenes (3), .8., c-myc and bcl-2 and the tumor suppres-
sor gene p53 are implicated in the control of apoptosis has focused attention on
both the role of apoptos:s in tumorogenesis and as a possible pathway to which
cancer therapeutic regimens could be directed (4). The latter point is clinically
relevant in that radiotherapy, hormone therapy, and a broad spectrum of che-
motherapeutic agents all induce apoptotic death in target cells. Therefore,
tumor resistance to these agents may well be associated with blockades or
lesions in the apoptotic pathway.

Biochemically, apoptosis has been traditionally associated with the activa-
tion of an endonuclease activity causing double-stranded cleavage of DNA at
internucleosomal sites. The result is fragmentation of DNA into multiples of
180 bp lengths (5). A characteristic “ladder” effect is obtained when these frag-
ments are resolved by agarose gel electrophoresis. DNA degradation of this
type is usually found in cells that are morphologically apoptotic and the gen-
eration of “ladders” has been extensively used to define apoptosis in many
experimental systems. Bowever, DNA cleavage to this extent, is thought to
represent an advanced stage of DNA fragmentation and the notion that DNA
ladders are definitive for apoptosis no longer holds true.

From Methods in Molecular Medicine, Molecular Diagnosis of Gancer
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Pulsed field gel electrophoresis (PFGE), has made 1t possible to separate and
analyze large DNA fragments that could not have been resolved by conventional
constant field electrophoresis. Numerous variations have been developed since
PFGE was first described in 1983 and it has now been refined to analyze DNA
fragments of over 10 Mbp. There are two main electrode configurations used 1n
PFGE. One applies alternate transverse fields in two directions. Electrode con-
figuration and reorientation angles differ depending whether orthogonal field
electrophoresis (OFAGE), contour-clamped homogenous electric field (CHEF),
or rotating field gel electrophoresis (ROFE) is used. The other electrode configu-
ration 1s a one-dimensional reorientation process where the electrical field 1s
reversed and is therefore known as field mversion gel electrophoresis (FIGE).
Forward DNA mugration 1s achieved by longer or greater field strengths in the
forward direction than in the reversed direction. Apoptotic DNA 1s resolved using
FIGE. Temporal studies on the induction of apoptosis 1n epithelial cell lines using
FIGE analysis, have shown that internucleosomal cleavage of DNA 1nto 180 bp
multimers is preceded by the appearance of larger DNA fragments of 300 kbp
and/or 50 kbp (6,7). Moreover, in a cell line exhibiting 50 kbp fragmentation, no
further degradation to 180 bp multimers was detected. It 1s now thought that
large DNA fragmentation occurs before the subsequent degradation of DNA to
oligonucleosomes lengths and that in some cells, at least, this final degradation
process may not even take place. Therefore, the failure to resolve DNA into the
classical ladders of apoptosis does not necessarily mean that the cells are not
undergoing apoptosis and FIGE should be carried out to see whether larger DNA
fragmentation into high molecular weight fragments has taken place

2. Materials

1. Lysis buffer. 10 mM EDTA, 50 mM Tris-HCI, pH 8.0, 0 5% w/v N-lauroyl-
sarcosine, and 0.5 mg/mL proteinase K (Proteinase K is stored at —20°C and
added separately when required.)

2. TE buffer: 10 mM Tris-HCI, pH 8.0 and 1 mM EDTA.

3. Tris/EDTA/NaCl buffer: 10 mM, Tris-HCI, pH 7.6, 100 mM, EDTA, and 20 mM
sodium chloride.

4. Sample buffer 10 mM EDTA, 0.25% w/v bromophenol blue, and 50% v/v glycerol.

5. TBE electrophoresis buffer. 2 mM EDTA, 89 mM Trnis-HCI, pH 8 0, and 89 mM
boric acid.

6. Tris-buffered phenol/chloroform: Melt the phenol in a water bath at 56°C and
remove 20 mL. Sequentially add small volumes of 0 1M Tris-HCl, pH 7.4 to the
phenol and constantly agitate the mix until the phenol also acquires a pH of 7.4
Allow the mix to separate and add phenol from the lower phase to an equal vol-
ume of chloroform just prior to use.

7. Chloroform 1soamyl alcohol: Add 24 vol of chloroform to 1 vol of 1soamyl alco-
hol just prior to use
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It is good practice to use sterile disposable plasticware in the preparation of
reagents and 1n the 1solation of the DNA. Pipet tips and Eppendorf tubes should be
autoclaved if not purchased sterile. Sterile, distilled deionized water should be used
for making up buffers and use molecular biology grade matenals throughout.
Particular care should be taken handling phenol and the organic solvents; a fume
cupboard should be used where necessary High molecular weight DNA frag-
mentation can be caused by DNase activity. Therefore, when isolating the DNA
for FIGE, particular attertion should be paid toward preventing contamination of
materials and reagents with DNA nucleases. Wear gloves and use only sterile
plastic and glassware. Do not use metal implements at any stage in the process.

3. Methods
3.1. Conventional Constant Field Gel Electrophoresis

1. Harvest apoptotic cells from culture and wash once 1n Hanks Balanced Salt Solu-
tion (HBSS).
2. Lysecellsat 1 x 107/mL in lysis buffer in an Eppendorftube, e g , 2 x 10% cells in
200 pL lysis buffer, and incubate for 1 h at 56°C in a waterbath
3. Add ribonuclease A (RNase Type I1I-A) to a final concentration of 0.25 mg/mL
Incubate for a further 1 h at 56°C. Heat inactivate (80°C for 30 min) the RNase to
denature any contaminating DNase activity.
4 Add 1 vol of a 1.1 mix of Tris buffered phenol and chloroform
5 Mix thoroughly for 5 min by repeated inversion and centrifuge for 4 min at
800g in a bench top microfuge. Remove the lower organic layer carefully and discard
6 Repeat steps 4 and 5
7. Add 1 vol of a 24:1 mix of chloroform and 1soamyl alcohol
8. Mix thoroughly for 5 min by repeated inversion and centrifuge for 4 min at
800g 1n a bench top microfuge.
9. Carefully remove the majority of the upper aqueous phase and put into a fresh
clean Eppendorf tubce. Avoid drawing up any of the organic phase
10. Add 1 5 vol of TE buffer
11 Centrifuge at 13,000g for 10 min and collect the supernatant (which contains
fragmented apoptotic DNA).
12. Add 2 vol of cold (4°C) 100% ethanol.
13. Mix by repeated inversion until DNA 1s precipitated (approx 20 min) The DNA
can be stored overnight at this stage at —20°C.
14. Pellet the DNA by centrifugation at 13,000g for 10 min
15. Daiscard the supernatant and allow the DNA pellet to dry (about 15 min)
16. Dissolve the DNA pellet in TE buffer (DNA from 2 x 106 cells will dissolved in
20 pL buffer).
17. Add 1 vol of sample buffer to 4 vol of DNA preparation. Aim to get 1-5 pg/mL
DNA per well.
18 Load sample onto a submarine horizontal 1% agarose gel and electrophorese at
6 V/em using 0.5% TBE running buffer. This takes approx 2 h on an 8-cm “mint” gel
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19. Stain gel in | pg/mL ethidium bromide (made up 1n running buffer) for 10 min
and destain in running buffer or water until the background is clear.

20 Visualize on a UV transilluminator (see Note 1)

21. Gel can be photographed using a Polaroid DS 34 direct screen mstant camera
mounted on a DS H-8 0 8X hood.

3.2. Field Inversion Gel Electrophoresis (FIGE)

Harvest apoptotic cells and wash once in HBSS

2 Resuspend 4 x 10° cells in 50 L Tris/EDTA/NaCl buffer prewarmed to 37°C.

3. Addanequal volume 1 5% low melting point agarose The agarose is melted in a
microwave oven and allowed to cool to about 37°C

4. Mix gently, pour into the mold (see the following) and allow a plug to form on ice
for 10 min.

5. Transfer the plug to a 1-mL vol of Tris/EDTA/NaCl buffer containing 1% lauroy!
sarcosine and 1 0 mg/mL proteinase K

6. Incubate overnight at 37°C (Plugs can be stored 1n 500 mM EDTA at 4°C at
this stage).

7. Wash the plugs twice by rinsing them for 1 h in Tris/EDTA/NaCl buffer.

8. Cut plugs to contain 1-5 ug DNA and seal into a 1.5% agarose gel with 1% low
melting point agarose (4 x 109 cells will yield approx 20-30 ug/mL of DNA) (see
Note 2).

9 Subject the gel plugs to FIGE in a cold room (see Note 2). Electrophoresis is
carried out 1n 0.5% TBE running buffer. Complete systems for PFGE are now
commercially available consisting of power supply, pulse controller, electro-
phoresis unit containing built-in cooling systems, and electrode arrangements
Gel casting trays are also provided However, FIGE can be carried out using
standard power supply and gel electrophoresis apparatus so long as access can be
gained to a suitable pulse controller with field inversion and a ramped range of
pulse times. Several pulse controllers are commercially available. FIGE for reso-
lution of large molecular weight apoptotic DNA fragments is started by an mitial
continuous forward pulse of 100 V for 15 mun, Electrophoresis is then carried out
ataround 10 V/cm, i.e., 200 V for a gel run of 20 cm. A forward to backward ratio
of 3-1 should be selected (forward pulse is three times longer than the reverse
pulse). DNA fragments of 10 kbp to 1 Mbp can be resolved using a pulse ramping
rate changing from 0 5 s to 10 s for 19 h, followed by 10 s to 60 s over the next
19 h. Also, a ramp from 1 s to 60 s over a 22-h period could be used. A shorter
alternative protocol starts with a 15-min continuous forward pulse followed by a
2 4-s forward pulse and a 0.8-s reverse pulse (3 1 ratio agan) for 1 h Thus 1s then
followed by a ramping rate changing up to 24 s forward (and 8 s reverse) over a run
of 7 h. The field strengths stated above should be used (see Note 2)

10. Stain gels in 1 yg/mL ethidium bromide (made up 1n running buffer) for 10 min
and destain in running buffer or water until the background s clear.

11. Gel can be photographed using a Polaroid DS 34 direct screen instant camera

mounted on a DS H-8 0.8X hood (see Fig. 1).

—
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Fig. 1. (A) Oligonucleosomal length DNA fragments isolated from HL-60 cells
irradiated by UV light on a transilluminator for 10 min and incubated for a further 2 h.
DNA was resolved on a 1% agarose 8 cm “mini” gel using conventional constant field
(6 V/cm) gel electrophoresis. (B) Oligonucleosomal length DNA fragments isolated
from cells incubated with increasing concentrations of etoposide (lanes 2, 4, 6, and B).
Poor resolution of the ladder in lane 8 is symptomatic of lane overloading. Same con-
ditions as for panel A.

4. Notes

1. Conventional Electrophoresis: Failure to resolve oligonucleosome lengths of
DNA into ladders using conventional constant field electrophoresis could be
owing to excessive loading of DNA, which gives a thick smear down the gel, and
therefore should be reduced accordingly. The percentage agarose in the gels can
also be increased anywhere up to 2%. Agarose gels of 1.8% have been reported
in the literature. Greater resolution of bands also may be achieved by heating the
final DNA preparation in sample buffer to 65°C and then rapidly cooling it on
ice. The samples are then loaded onto the gel. Ladders easily can be seen using
“mini” gels (8 cm), but again better resolution of bands can be obtained if longer
gel runs are used (>i4 cm). Finally, although DNA can be stored overnight or
longer at stage 13 in the protocol, it is better to isolate the DNA and run the gel on
the same day.

2. Field Inversion Electrophoresis: The technique of isolating DNA in agarose plugs
was developed to prevent artificial cleavage of DNA during preparative proce-
dures. Commercially available systems for PFGE come complete with insert
molds that produce plugs of the correct size for loading into the wells of the
resolving gel. However, molds can be made by a variety of techniques. When
designing the mold, the total yield of DNA must be borne in mind and whether
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the plug size that can be obtained from the mold will contain in the order of 1-5
ug DNA. The method outlined here contains 4 x 106 cells (20 ug/DNA) 1n a total
volume of 100 uL. Molds can be constructed in 0.5-mm perspex or tubing giving
a total volume of 100 mm?3. It is advisable to leave the molds open-ended so that
the plugs can be pushed out. Half the plug will contain approx 10 uyg DNA and a
quarter of the plug will contan 5 pg/mL DNA. Thus one plug can be used in
more than one lane on the gel. When loading a section of the plug into the resolv-
ing gel care should be taken to ensure that it is 1n contact with both the bottom
and the front of the well. Load all the plugs into the wells first and then seal with
the molten agarose.

The 1solation of large molecular weight DNA fragments from apoptotic cells
using deprotemnized agarose plugs, although straightforward, can be time-con-
suming and labor intensive. Walker et al. describe a method whereby sodium
dodecylsulfate (SDS) lysates of apoptotic cells have been shown to be sufficiently
deproteimized to run on erther conventional or field inversion electrophoresis gels.

1 x 106 cells in 25-uL vol are added to an equal volume of 2% (w/v) SDS in
Tris/EDTA/NaCl buffer The resulting viscous lysate then 1s applied gently to
wells, using pipet tips cut to a wide bore, and then kept in place with 1% low
melting point agarose Alternatively, the lysates can be mixed with equal vol-
umes of agarose and formed into agarose plugs that are then applied and sealed
nto the resolving gel

The electrophoresis unit for FIGE must be cooled actively Overheating of the
gel can be owing to a failure in the cooling system, e g., the pump or the refrig-
eration unit, but an incorrect buffer formulation also can have the same effect

References

1

Martin, S J., Lennon, S. V , Bonham, A. M., and Cotter, T. G. (1990) Induction of
apoptosis (programmed cell death) in human leukaemic HL-60 cells by inhibition
of RNA or protein synthesis J Immunol. 145, 1859-1867.

Filipsky, J., Leblanc, J., Youdale, A., Sikorska, M., and Walker, P. R (1990)
Periodicity of DNA folding in higher order chromatin structures EMBO J 9,
1319-1327.

Wood, A C., Waters, C. M , Garner, A , and Hickman, J. A. (1994) Changes in c-myc
expresssion and the kinetics of dexamethasone-induced programmed cell death
(apoptosis) in human lymphoid leukaemia cells. Br J Cancer 69, 663—669.
Walker, P. R, Smith, C, Youdale, A , Leblanc, J , Whitfield, J. F , and Sikorska,
M. (1991) Topoisomerase II-reactive chemotherapeutic drugs induce apoptosis in
thymocytes. Cancer Res 51, 1078-108S5.

Walker, P. R., Kokileva, L., Leblanc, J., and Sikorska, M. (1993) Detection of the
initial stages of DNA fragmentatlon 1n apoptosis BioTechmques 15, 1032-1040
Schwartz, D. C. and Cantor, C. R. (1984) Separation of yeast chromosome-sized
DNAs by pulsed field gradient gel electrophoresis. Cell 37, 67-75.

. Oberhammer, F., Wilson, J. W, D1ive, C , Morris, I. D., Hickman, J. A., Wakeling,

A, E., Waiker, P. R., and Sikorska, M. (1993) Apoptotic death 1n epithelial cells:



Apoptosis Detection by DNA Analysis 213

cleavage of DNA to 300 and/or 50kb fragments prior to or in the absence of
internucleosomal fragmentation. EMBO J 12, 3679-3684

8. Brown, D G., Sun, X.-M., and Cohen, G M. (1993) Dexamethasone-induced
apoptosis involves cleavage of DNA to large fragments prior to internucleosomal
fragmentation. J. Biol Chem 268, 3037-3039

Further Reading

Kerr, J. F. R., Wnterford. C. M., and Harmon, B. V. (1994) Apoptosis- its signifi-
cance in cancer and cancer therapy. Cancer 73, 2013-2026.

Smuth, C. L. (ed.) (1993) Paper Symposium. Changing directions 1n electrophoresis.
Electrophoresis 14, 249-370.






Index

A

Alpha-satellite probe, 169
Aneusomy, 169
Antidigoxigenin-rhodamine, 163
Apoptosis, apoptotic ladders, 207
Autoradiographic detection, 151
Avidin-FITC, 163

B

B,-microglobulin, 41
Bandshift, 134
Biotinylated anti-avidin, 163
Biotinylated primer, 12
Bone marrow transplantation (BMT), 105
donor chimera, 105
donor, 105
graft versus leukemia, 105
mixed chimera, 105
protein polymorphisms, 106
recipient, 105
Brophenol blue loading buffer, 52
BSA

C

cDNA synthesis, 30, 57
PML-RAR-a ¢cDNA synthesis, 50
Cell isolation
mononuclear cell preparation, 28
blood, 28
bone marrow, 28
bone marrow/blood cells, 43
Ficoll, 43
Centromere probes, 167
Cesium chloride (CsC1) methods, 50
Chemiluminescence techniques, 116
Chloroform, 79
Chronic myeloid leukemia, 25
Philadelphia (Ph) chromosome, 25
Citifluor glycerol mount, 163
Colcemid, 162

Comparative genomic hybridization (CGH),
183
chromosome intensity profiles, 189
clinically significant trisomies, 189
color imbalance, 184
deletion detection limit, 184
DNA mixture preparation, 188
genetic amplifications, 184
genetic imbalance detection, 183
image analysis, 188
lymphomas, 183
monosomies (13, 18, 21, X, Y), 189
monsomy/trisomy detection, 183
solid tumors, 183
unbalanced translocations, 189
Constant field gel electrophoresis, 209
Contamination, 20
Cosmid, 169
Cot-1 DNA

D

DAPI, 163
Antifade solution, 186
7-Deaza-dGTP, 137
Decon, 90, 163
Denaturing gradient gel electrophoresis
(DGGE), 141
Densitometer, 97
(DEPC)-treated water, 79
Dextran sulfate, 162
DMSO, 80, 156
DNA, 3, 132
clean up, Wizard PCR preps, 144
elution of DNA, 10
PAGE gels, 10
extraction, storage
archival material, 116
blood smear, 117
bone marrow, 68
buccal wash, 109

215



216

extraction for CGH, 186
lymph node, 68
paraffin-embedded material, 116
slide, 68
stained slides, 117
labeling
CGH, 187
end labeling, 13
interpretation of results, 43
kinase labeling, 42
nonradioactive labeling, 44
PCR labeling, 155
radiolabeled, 152
quantification, 71
sequencer, 116
size marker, 52
X1 ladder, 52
123-bp ladder, 52
100-bp ladder, 52
1-kb ladder, 52
DNase 1, 172
dNTPs, 80
Dot blotting, 15
“drop-in” technique, 71
DTT, 80

E

Electroblot analysis, 15

false positive, 20
Escherichia coli DNA polymerase, 172
Ethidium bromide: Stock, 81

F

Field inversion gel electrophoresis (FIGE),
208
FIGE settings, 210
lauroyl sarcosine, 210
Fluorescent in situ hybridization (FISH),
92, 161
analysis for FISH, 176
bionick, 162
biotin, 171
biotin-11-dUTP, 171
biotin-16-dUTP, 171
biotin-14-dUTP, 171
biotin-11-dCTP, 171
bone marrow samples, 166
“citifluor,” 175
confocal microscopy, 176

Index

coplin jars, 174

counterstaining of slides, 175

DAPI banding, 188

denaturation and preparation of slides, 174

detection of posthybridization washes,

174

digital imaging, 176

digozigenin, 171

digoxigenin-11-dUTP, 171

dual-color hybridization, 177

EGRI, 100

FISH analysis, 99

herring sperm DNA, 162

hybridization, 171, 174

indirect method, 163

IRF1, 100

light microscopic analysis, 176

nick translation, 162

peripheral blood samples, 166

photometrics camera, 176

photometrics CCD camera, 176

posthybridization washes, 175

probe preparation, 162, 167

rehybridization, 171

signal detection, 175

slide preparation, 166

smartCapture software, 176
Formamide, 162

G

v32P dATP, 81
Gel electrophoresis
agarose, 133
“mini” gel, 209
Gel/running conditions, 156
Genes
AF-4 gene, 61
AF-9, 61
AF-X, 61
ALL-1, 55
all-trans retinoic acid, 47
APC gene, 100
BCL-2, 63, 207
BCL6/LAZ3, 76
BCR-ABL
AML-M2, 37
AMLL1, 37
AMLI/ETO, 43
ETO gene, 37



Index

MTGS, 37
p210, 26
p190, 26
transcripts, 26
ber types 1 or 2, 50
c-myc, 207
ENL, 61
HRX, 55
HTRX, 55
MCC gene, 100
MLL gene, 55
non-Hodgkin’s lymphoma (NHL), 75
NPM-ALK fusion gene, 76

NPM-AL, 78
p53, 207
PML/RAR, 47

retinoblastoma (RBI)
mutations, 123
mutations incidence, 138
Wilms’ tumor (WTT1), 141
WT1 mutations, 146
Gene dosage analysis, 97
Gene loss, Quantitative assessment, 97
Glass wool, 187
Glycerol in the gel, 156

H

Hanks balanced salt solution (HBSS), 209
Heterozygosity, 97

I

Immunoglobulin heavy chain (IgH), 3
IgH probes, 12
probe design, 13
DNIJ sequence, 14
junctional sequence, 13
In situ hybridization (ISH), 193
autoradiography, 203
development of slides, 203
hybridization and washing sections, 201
photography, 205
prehybridization, 201
preparation of probes, 196
slide and coverslip preparation, 199
338-radiolabeled probe, 197
synthesis of single-stranded RNA
probes, 198
tissue fixation, embedding and
sectioning, 199

Isoamy] alcohol, 79
Isopropanol, 79
Interphase cells, 161, 169

K
Ki-1 (CD30), 76

L

Leukemia, APL, 49
Linkage analysis, 123
Locus-specific probes, 169

M

Magnetic particle separator, 12
Metaphase analysis, 161
Methanol: glacial acid fixative, 162
Microsatellite polymorphisms, 96
Mineral oil, 156
Minimal residual disease (MRD), 3, 44
Myelodysplastic syndrome
5q-syndrome
Genes
CSFIR gene, 91
CSF2,92
EGR1, 92
FGFA gene, 91
IL9, 92
ILS, 92
NKSF1 gene, 91
tumor suppressor gene, 91

N

Nick translation, 172
Nondenaturing gels
preparation, 133
PCR, 10
clone-specific, 10
cycler parameters, 10
DOP-PCR, 167
IgH, 10
PCR reaction mixture store, 52
PCR remission samples, 14
allele-specific hybridization, 15
PML/RAR
controls, 52
sensitivity, 66
t(14;18)
oligonucleotides, 68
primers, 68

217



218

Phage, 169

Phenol, 79

Phytohemagglutinin (PHA), 162

Premature stop codons, 138

Proteinase K/CaCI2, 163

Propidium iodide, 163

Purification of single-stranded DNA,
135

R

Random hexamers, 48
Restriction enzyme digestion PCR products,
133
Restriction fragment length polymorphism
(RFLP), 92, 106
PCR
dinucleotide repeats, 96
tetronucleotide repeats, 96
trinucleotide repeats, 96
Reverse transcriptase, 80
Ribonuclease A, 209
RNA
isolation of mRNA, 59
RNA extraction, 28, 49, 81
RNA isolation, 57
RNase protection, 151
RNasin, 80
RT-PCR, 25
AMLI/ETO, 41
B,-microglobulin, 42
BCR-ABL, 25
multiplex PCR, 30
nested PCR, 26, 30, 50
quantitative PCR, 31
PCR contamination, 31
PML-RAR-q, 50
t(2;5), 80

S

Safety precautions, 152

SDS, 81

Sephadex G-50 column, 71, 186
Sequenase, 144

Index

Sequencing,
acrylamide gel porosity, 157
cycle sequencing, 13
fixation of the gel, 157
gel dimensions, 157
Single-strand conformation polymorphism
analysis (SSCP), 123
SSC, 81
STE, 135
Streptavidin-coated beads, 135
Southern analysis, 95
Southern blotting, 42

T

T-cell receptor (TCR), 3
ALL, 3
T4 polynucleotide kinase, 81
Taq DNA polymerase, 80
Texas Red-dUTP, 186
Translocation t(14;18), 63
benign hyperplastic tonsils, 65
blood donors, 65
Hodgkin’s disease, 65
immunoblastic lymphoma, 65
large cell lymphoma, 65
MBR, 63
MCR, 64
“N” regions, 64
Tris borate electrophoresis buffer (TBE),
81
Tween-20, 162

U
Ultra violet irradiation, 82

v

Variable number tandem repeats (VNTRSs),
106

W
Whole chromosome paints, 167

Y
Yeast artificial chromosomes, 167, 169



	FrontMatter.pdf
	Part 1.pdf
	Molecular Diagnosis of Cancer.pdf
	590-1-025-036.pdf
	590-1-037-046.pdf
	590-1-047-054.pdf
	590-1-055-062.pdf
	590-1-063-074.pdf
	590-1-075-090.pdf
	590-1-091-104.pdf
	590-1-105-120.pdf
	590-1-123-140.pdf
	590-1-141-147.pdf
	590-1-151-160.pdf
	590-1-161-182.pdf
	590-1-183-192.pdf
	590-1-193-206.pdf
	590-1-207-214.pdf

	Index.pdf

