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Abstract:

The aim of this thesis was to investigate the effects of individual oncogenes on 

human B lymphocytes. To permit these studies, a gene transfer and expression technique 

for normal B lymphocytes and cells from patients with B cell chronic lymphocytic 

leukaemia (B-CLL) was developed. Of the numerous techniques tested, only 

electroporation proved to have reasonable efficiency and in due course, a powerful 

promoter/enhancer element containing cytomegalovirus and human T cell leukaemia virus I 

sequences was identified. Several eukaryotic expression vectors based on this 

promoter/enhancer element were constructed: a cassette vector was designed and used to 

subclone the oncogenes c-myc, v-Ha-ras, v-fos, v-raf and v-mos. As the mahgnant B 

lymphocytes B-CLL constitute a homogeneous, monoclonal B cell population with large 

number of cells available for experiments, gene transfer studies were initiated with material 

derived from patients with this disease. Transfection of B-CLL samples with the constructs 

alone or in combination did not result in cell transformation, however, prolonged cell 

survival was consistently observed in c-myc transfected samples. Subsequent analysis 

revealed that interferon-y was secreted at high levels following c-myc gene transfer.

Addition of recombinant IFN-y to cultured B-CLL cells demonstrated that this 

cytokine promotes B-CLL cell survival by preventing programmed cell death, or apoptosis, 

and may therefore be responsible for the slow and progressive accumulation of the Go 

arrested malignant B lymphocytes observed in vivo. Furthermore, IFN-y was shown to be 

produced by B-CLL cells in an autocrine marmer by analysis of IFN-y transcripts and 

double colour flow cytometry. Synthesis of IFN-y by B-CLL cells may also explain why 

high levels of this cytokine were found in serum samples from patients with this disease. In 

conclusion, IFN-y may be an important growth factor contributing to the development of 

this common form of leukaemia. Inhibition of IFN-y mediated effects may lead to novel 

therapeutic approaches.



Table of Contents:

Abstract...............................................................................................................2
Table o f Contents........................................................................................3
List of Figures..................................................................................................7
Abbreviations.....................................................................................................9
Acknowledgements........................................................................................ 11

Chapter 1: General introduction._____________________________________

The Immune System............................................................................................ 13
Human B Lymphocytes.......................................................................................16

Surface molecules of B lymphocytes 19
CD5^ B lymphocytes may represent a separate B cell lineage 21
Immunoglobulin gene rearrangement and expression 22
Immunoglobulin isotype switching 26
Cytokines involved in human B cell growth and differentiation 29
B ceU activation at the molecular level 33

B Cell Malignancies............................................................................................. 35
Chromosomal abnormalities and genes involved in B cell malignancies 36

B Cell Chronic Lymphocytic Leukaemia (B-CLL)............................................... 39
Clinical features 39
Cellular charactaistics of B-CLL 40
B-CLL cells and their relation to CD5^ B lymphocytes 40
Chromosomal abnormalities and oncogenes in B-CLL 41
B-CLL response to recombinant cytokines 42
Proto-oncogene expression in B-CLL cells following mitogenic activation44 

Aims of TTiis Project............................................................................................46

Chapter 2: Gene Transfer Into Human B Cell Progenitors, Normal B
____________Lymphocytes and B-CLL Cells.____________________________ 4 7

Introduction.........................................................................................................48
Materials and Methods.........................................................................................50

B-CLL patients 50
Evaluation of purity 50
In vitro stimulation experiments 51

Tonsillar B lymphocytes 52



Separation of small resting and large activated B cells 52
Bone marrow 52
B ceU lines 53
Nucleotide incorporation assay 53
Electroporation 53
CAT assays 54
Double colour analysis 55

Simultaneous detection of 6-galactosidase activity and cell surface 
antigens 55
Double colour immunofluorescence staining of pCMV-LTR-BZLF1 
transfected cells 56

Expression vectors 57
Results.................................................................................................................58

Techniques of transfection 58
Characterization of transfected tonsillar B cells 59
Gene transfer into bone marrow B cell progenitors 59
Transfection of B-CLL cells 61

Discussion........................................................................................................ 79

Chapter 3: Construction of Eukaryotic Expression Vectors for Gene Transfer 
____________into Primary B Cells.______________________________________83

Introduction.........................................................................................................84
Selection of genes for transfection of primary B lymphocytes 84
Gene expression systems 90

Materials and Methods......................................................................................... 95
DNA sources 95
Large scale preparation of plasmids 96
Digestion of DNA with restriction enzymes 96
Dephosphorylation of 5' termini 96
Creation of blunt ends 97
Phenol/chloroform extraction and ethanol precipitation of DNA 97
Isolation of DNA from agarose gels 98
Ligation of DNA fragments 98
Preparation of competent cells and transformation of R  coll with plasmids99 

Detection of recombinant plasmids 99
Evaluation of recombinant DNA 100
Calcium phosphate transfection and culture of NIH3T3 cells 101



C-myc immunofluorescence staining 102
NIH3T3 focus formation assay 103

Results and Discussion...................................................................................... 104
Construction of the CM V-LTR cassette vector pCMV-LTR-poly 104
Design of the reporter gene containing plasmid pCMV-LTR-BZLF1 105
Construction of pCMV-LTR-myc 106
Construction of pCMV-LTR-Ha-ras 106
Design of pCMV-LTR-fos 107
Construction of pCMV-LTR-raf 108
Design of pCMV-LTR-mos 109

Conclusions....................................................................................................... 122

Chapter 4: Effects of Oncogene Transfection on the Monoclonal B 
____________Lymphocytes of B-CLL__________________________________ 123

Introduction....................................................................................................... 124
Materials and Methods........................................................................................127

B-CLL patients 127
Electroporation 127
Expression vectors 128
Detamination of transfection efficiency 129
Feeder layer cultures for transformation experiments 129
Viability counts after c-myc transfection 131
Cell proliferation analysis 131
Analysis of phenotypic changes after c-myc transfection 132
RNA extraction from transfected cells 133
Slot blot analysis of RNA 135
Radiolabeling of probes by nick-translation 136
DNA probes 137
Measurement of soluble cytokines by ELISA 137

Results............................................................................................................... 138
Transfection of B-CLL cells with oncogene constructs 138
Detailed analysis of the effects of transfected c-myc 140
Transfected c-myc prolongs survival of cultured B-CLL cells 140
C-myc transfection induces phenotypic changes in B-CLL cells 140
C-myc gene transfer induces EFN-y synthesis 141
C-myc transfection results in down-regulation of IL -10 message 142

Discussion.......................................................................................................150



Chapter 5: IFN-y Inhibits Apoptotic Cell Death in B Cell Chronic Lymphocytic 
____________Leukaemia. 1 54

Introduction........................................................................................................155
Materials and Methods........................................................................................ 157

Samples 157
Cell culture 158
Measurement of soluble 158
Analysis of apoptosis 159
Determination of ceU numbers 160
Ki-67 staining 161
Northern blot analysis 161
Radiolabeüng of DNA inserts by random priming 164
DNA probes 165
Detection of intracellular IFN-y 165

Results............................................................................................................... 167
IFN-y inhibits apoptosis of cultured B-CLL cells 167
IFN-y is present in B-CLL serum samples 167
B-CLL cells may synthesize IFN-y 168

Discussion.......................................................................................................... 176

Chapter 6: Conclusions. 1 79

References quoted ........................................................................................ 184
Publications arising from this thesis and related work......................207
Declaration......................................................................................................208



List of Figures:

Figure 1.1 
Figure 1.2 
Figure 1.3 
Figure 1.4

Figure 2.1:

Figure 2.2: 
Figure 2.3: 
Figure 2.4: 
Figure 2.5 a: 
Figure 2.5 b:

Figure 2.6: 
Figure 2.7 a:

Figure 2.7 b: 
Figure 2.7 c: 
Figure 2.8:

Figure 2.9:

Figure 2.10:

Figure 2.11:

Figure 2.12:

Figure 3.1: 
Figure 3.2:

Figure 3.3: 
Figure 3.4: 
Figure 3.5: 
Figure 3.6:

Scheme of haemopoiesis.............................................................. 13
Diagram of B cell development.....................................................18
Schematic diagram of Ig heavy chain rearrangement................25
Immunoglobulin isotype switching..............................................28

Eukaryotic expression vectors used for transfection studies in
chapter 2 .......................................................................................64
Voltage dependence of transfection efficiency.............................. 65
Photomicrographs of Percoll separated tonsil B lymphocytes.......66
CAT expression of transfected Percoll separated B lymphocytes ..67
Bone marrow mononuclear cells transfected with pCMV-P......... 68
Double colour immunofluorescence staining of TdT positive bone
marrow B cell progenitors after BZLFl transfection.................... 69
CAT expression of transfected B-CLL cells................................. 70
Kinetics of CAT expression of transfected B-CLL cells after pre
incubation with TPA.................................................................... 71
Delayed induction of maximum reporter gene expression by TNF.72
CAT expression of uninduced B-CLL cells after transfection.......73
Activation of B-CLL cells after transfection does not allow reporter
gene expression......................................................................74
CAT expression and nucleotide incorporation of TPA activated B-
CLL cells..................................................................................... 75
Influence of DNA concentration and cuvette volume on CAT
expression....................................................................................76
Double colour immunofluorescence staining of B-CLL cells
transfected with pCMV-LTR-BZLFl........................................... 77
Promoter usage of B-CLL cells........................................... 78

Construction of pCMV-LTR-poly....................................... 110
Restriction maps and gel-electrophoretic analysis of plasmids
pCMV-LTR-poly andpCMV-LTRpoly A .................................. I l l
Map of plasmid pCMV-LTR-BZLFl.......................................... 112
Plasmid map pCMV-LTR-c-myc.................................................113
Myc expression of transfected N1H3T3 fibroblasts..................... 114
Plasmid map of pCMV-LTR-Ha-ras........................................... 115



Figure 3.7: NIH3T3 fibroblasts transfected with pCMV-LTR-Ha-ras after 10
days in culture............................................................................ 116

Figure 3.8: Map of plasmid pCMV-LTR-fos.................................................. 117
Figure 3.9: Plasmid map of pCMV-LTR-raf...........................................118
Figure 3.10: Plasmid map of pCMV-LTR-mos.................................................119
Figure 3.11: Restriction analysis of plasmids pCMV-LTR-c-myc, pCMV-LTR-

Ha-ras and pCMV-LTR-BZLF 1.......................................... 120
Figure 3.12: Restriction analysis of plasmids pCMV-LTR-fos, pCMV-LTR-raf

and pCMV-LTR-mos..................................................................121

Figure 4.1: p-galactosidase expression of B-CLL cells 24 hours after gene
transfer............................................................  143

Figure 4.2: B-CLL cells cultured on bone marrow stroma for 4 weeks after gene
transfer..................................................................................... 144

Figure 4.3: Transfected c-myc promotes survival of B-CLL cells...................145
Figure 4.4: Histograms of c-myc and control transfected cells stained with

CD19, CD5 and ICAM-1 antibodies............................................146
Figure 4.5: Histograms of B-CLL cells transfected with c-myc and a control

plasmid stained with LFA-1 antibodies........................................147
Figure 4.6: C-myc transfection of B-CLL cells induces IFN-y synthesis 148
Figure 4.7: C-myc transfected B-CLL cells down-regulate IL-10 message... 149

Figure 5.1 : Apoptotic cell death of B-CLL cells is prevented by IFN-y 169
Figure 5J2: IFN-y inhibits DNA degradation in cultured B-CLL cells 170
Figure 5.3: Analysis of apoptosis by flow cytometry.............................. 171
Figure 5.4: Survival of B-CLL cells after 5 days in culture in the presence or

absence of 100 U/ml IFN-y....................................................... 172
Figure 5.5: Sera from B-CLL patients contain IFN-y...............................173
Figure 5.6: Activated B-CLL cells synthesize high levels of IFN-y mRNA.. 174
Figure 5.7: IFN-y protein is synthesized by stimulated B-CLL cells 175



Abbreviations:

ALL; acute lymphoblastic leukaemia
APAAP: alkaline phosphatase anti-alkaline phosphatase
A P I: activator protein 1
ATP: adenosine 5'-triphosphate
B-CLL: B-cell chronic lymphocytic leukaemia
bcr: breakpoint cluster region
P-gal: beta-galactosidase
bp: base pairs
BSA: bovine serum albumin
B Z L F l: Bam H I Z leftward reading frame 1
cAMP: cyclic adenosine monophosphate
CAT: chloramphenicol acetyltransferase
CD: cluster of differentiation
CML: chronic myeloid leukaemia
CMV: cytomegalovirus
cDNA: complementary DNA
c-onc: cellular (proto)-oncogene
CSF: colony stimulating factor
CTP: cytidine 5-triphosphate
DNA: deoxyribonucleic acid
DNase: deoxyribonuclease
DTT: dithiothreitol
EBV: Epstein-Barr virus
£. cob: Escherichia cob
ELISA: enzyme linked immunosorbent assay
Ep: immunoglobulin heavy chain enhancer
EDTA: ethylene diamine tetraacetate
FCS: foetal calf serum
FITC : fluorescein isothiocyanate
GAP: GTPase activating protein
GDP: guanosine 5'-diphosphate
GTP: guanosine 5'-triphosphate
Ha-ras: Harvey-ras
H TLV I: human T ceU leukaemia virus I
ICAM : interceUular adhesion molecule



10

IFN:

Ig:
IL:
kb:
Ki-ras:
LFA:
LTR:
MHC:
mRNA:
MSV:
NK cells: 
NZB mice: 
PBS:
Phi:
RB:
RITC:
RNA:
RNase:
RSS:
SDS:
SV40:
TdT:
TNF;
TPA:
TTP:
U:
UTP:
v-onc:

interferon 
immunoglobulin 
interleukin 

kilo bases 
Kirsten-ras
leucocyte fimction associated antigen
long terminal repeat
major histocompatibility complex
messenger RNA
mouse sarcoma virus
natural killer cells
New Zealand Black mice
phosphate buffered saline
Philadelphia chromosome
retinoblastoma gene
rhodamine isothiocyanate
ribonucleic acid
libonuclease
recombinase signal sequence 
sodium dodecyl sulfate 
simian virus 40
terminal deoxynucleotidyl transferase 
tumour necrosis factor 
12-Otetradecanoylphorbol 13-acetate 
thymidine 5'-triphosphate 
units
uridine 5'-triphosphate 
viral oncogene



11

Acknowledgements:

I am profoundly grateful to Professor Malcolm Brenner for giving me the 

opportunity to initiate the work on this thesis, for constant support, and most of all, for his 

encouragement and advice throughout its course.

I  am most grateful to Professor A. Victor Hoffbrand for supervising me during the 

second half of this thesis. Without his support and advice I  would not have been able to 

carry out the studies presented here.

I would like to thank Dr. Dario Campana for sharing with me his wide knowledge 

of cellular immunology and the biology of human leukaemias. I am indebted to Dr. Cliona 

Rooney for her support and many helpful discussions. I am grateful to Dr. Paul Farrell for 

providing me with laboratory space and for valuable advice. I am further grateful to Dr. 

Hans Drexler for many helpful discussion and for his constant support.

I would also like to thank Dr. Concha Bello-Fernandez for moral support and 

tolerating me in times of despair, Elaine Coustan-Smith, Atsushi Manabe, Donna Rill, Dr. 

Shulamit Katzav and Dr. John Cleveland for technical advice and for their pleasant 

company. Thanks to Drs. Mark Larché, Peter Dias and Sally Sarawar for most valuable 

proof-reading and for company during "mental relaxation" after work.

Finally, I would like to thank my parents, brothers and my sister for their 

encouragement and support.



Chapter 1:

General Introduction



13

The Immune System:

Although mature peripheral blood cells are extremely specialized with no 

morphological resemblance between different cell types, all cells, including the constituents 

of the immune system, are derived from a common set of haemopoietic stem cells. These 

pluripotent stem cells are the initial cells in a cascade of sequential differentiation and 

proliferation events giving rise to committed progenitor cells, which in turn proliferate and 

differentiate, eventually generating mature cells (Dexter and Spooncer 1987). 

Haemopoiesis including B lymphopoiesis in adults takes place in the bone marrow. The 

majority of T lymphocytes mature in the microenvironment of the thymus (Ezine et al. 

1984, Ikuta et al. 1992, Lepault and Weissman 1981) (Figure 1.1).

pluripotent 
stem cell

bone marrow

commited 
progenitor ceils

thymus

□
□□□
c□□

Mega

karyocyte

Figure 1.1: Schem e of haemopoiesis.

( ^ )  T lymphocyte

( ^ )  B lymphocyte 

Monocyte 

Erythrocytes

Platelets

Neutrophil

Eosinophil

Basophil

A pluripotent, self-renewing stem cell gives rise to daughter cells. During progressive, irreversible 
differentiation and proliferation steps mature cells of different lineages are generated. In contrast 
to the other constituents of the haemopoietic system, T lymphocytes mature in the thymus.
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The main function of the immune system is to protect the organism from harmful 

pathogens such as bacteria, viruses and parasites. This is achieved by its potential to 

recognize a practically unlimited number of different antigens. In order to prevent the 

immune system from attacking the components of the own organism, it is able to 

distinguish between foreign and self. Furthermore, the immune system can "memorize" 

antigens, enabling fast responses during recurrent infections. The major cell types of the 

immune system are granulocytes, monocytes, B and T lymphocytes as well as NK cells. 

Monocytes differentiate into macrophages as soon as they leave the peripheral blood 

stream. These cells migrate into organs where they phagocytose pathogens and cellular 

debris. Macrophages also present antigen to T lymphocytes and provide extracellular 

signals for functional activation of T and B cells (Grey and Chestnut 1985). NK cells are 

thought to play a major role in the destruction of tumour cells, but are also able to kill virus 

infected cells (Herberman et al. 1986). T lymphocytes are responsible for cell mediated 

immune reactions and are also involved in the coordination of the immune response of 

various other cell types. Functionally, and based on the expression of surface antigens, two 

types of T cells can be distinguished. CD8^ cytotoxic T cells destroy mainly virus-infected 

cells. The T cell receptor of CD8+ T lymphocytes recognizes antigen on the surface of cells 

in association with class I major histocompatibility complex molecules (MHC class I) 

(Zinkemagel and Doherty 1975, Zinkemagel and Doherty 1979). CD4+ T helper 

lymphocytes coordinate the immune reaction of different cells in response to antigen 

presented by cells such as macrophages and B cells (Unanue and Allen 1987). Antigen 

specific B cell clones are activated by T helper cells to synthesize antibodies (DeFranco 

1987, Kishimoto and Hirano 1988) and cytotoxic T lymphocytes proliferate in response to 

IL-2 produced by CD4+ T cells (MacDonald 1986). Other cytokines secreted by T helper 

cells also activate haemopoietic cells and can stimulate blood cell formation (Paul 1989). 

The T cell receptor of CD4+ T lymphocytes identifies antigen associated with MHC class II 

molecules (Swain 1983). B cells mediate humoral immune responses by producing and
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secreting antigen specific immunoglobulin (Ig), but can also act as antigen presenting cells 

(Chestnut and Grey 1981, Chestnut and Grey 1986, Lanzavecchia 1985).

Interaction between T cells, B cells and macrophages is required to ensure 

satisfactory protection of the organism from infection. Constant circulation occurs between 

the blood stream and secondary lymphatic organs, where the cells encounter antigen 

displayed by antigen presenting cells located in the stroma of the secondary lymphoid 

organs. This process increases the chances of cell-cell interactions as well as confrontation 

with antigen. Once activated, lymphocytes reduce their rate of recirculation and reside at the 

sites of inflammation.
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Human B Lymphocytes:

B lymphocytes synthesize immunoglobulins which bind to microorganisms, toxins, 

proteins, carbohydrates and other potentially harmful antigens. In addition, B cells are able 

to present antigen to T helper cells and interact with other cell types by cell-cell contact or 

through cytokines. In peripheral blood, B lymphocytes represent 5% - 15% of the 

circulating lymphoid cells, but in peripheral lymphoid organs approximately 50% of the 

cells are B lymphocytes.

Antibodies are Y-shaped glycoproteins consisting of 2 identical heavy and light Ig 

chains held together by disulphide bonds (Burton 1987). Ig chains are subdivided into 

constant and variable regions. Heavy chain genes contain information for variable regions 

of the Ig molecule binding antigen (including the complementarity determining regions), 

and several constant region domains which are responsible for effector functions such as 

transmembrane signalling, complement activation or binding of Fc receptors (Burton 

1987). light chain genes code for only one variable and one constant region. Both, light 

and heavy chain variable regions contribute to antigen binding. Two Ig light chain classes 

(k and X) have been described, and 9 different heavy chain constant regions are known. 

The constant region of the 9 heavy chain molecules (p, Ô, Y1» Y2. Y3, Y4, « i, «2, e) 

determines the isotype of antibodies, independent of the type of light chain associated. Each 

antibody isotype has different biological properties (Jeske and Capra 1984): IgM  

antibodies, which are the first immunoglobulins synthesized, activate complement most 

efficiently. IgG molecules (IgGi-IgG4) bind to receptors of phagocytic cells, facilitating 

phagocytic elimination of pathogens. IgA binds to antigen along mucous membranes. The 

resulting antigen-IgA complexes are removed by selective transport mechanisms across the 

mucous membranes. Binding of IgE molecules to the surface receptor of eosinophils and 

basophils triggers the release of histamines and lytic enzymes to destroy parasitic invaders.

B cell development from progenitor cells to fully differentiated, immunoglobulin 

secreting plasma cells can be divided into two discrete phases (Cooper 1987). Both stages
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of differentiation are initiated by multiple cell division, but the proliferative activity of the 

cells decreases towards the end of each phase (Figure 1.2). The first phase starts with the 

differentiation of B cell progenitor cells in the bone marrow until they reach the stage of the 

mature, resting B lymphocyte. This process is antigen independent, generating a large 

number of B cells which are diverse with regard to their antigen receptors. Although it is 

likely that pre-B cells possess their own differentiation program, there is evidence that 

surrounding bone marrow stromal cells influence B cell maturation (Kincade et al. 1989). 

During these processes, the cells first rearrange their immunoglobulin heavy chain genes 

followed by light chain genes (see below). Successfully rearranged Ig genes are translated 

into protein and can first be detected in the cytoplasm. Finally, the B cells express surface 

IgM and IgD molecules becoming mature, resting B lymphocytes. Surface lgM+ and lgD+ 

positive cells leave the bone marrow and migrate to the spleen or other secondary lymphoid 

organs, but may also return to the bone marrow (Brenner et al. 1981).

The second phase of differentiation is antigen dependent (Cooper 1987). Unless 

mature B lymphocytes encounter antigen in the secondary lymphoid organs, they die within 

a relatively short time (Freitas et al. 1986). However, if  antigen is recognized by the 

surface Ig molecules of a resting B cell, maturation and proliferation will be initiated. The B 

lymphocyte internalizes bound antigen and presents it to T helper cells. In turn, the T 

lymphocytes secrete stimulating cytokines which promote cell division and differentiation 

of the antigen presenting cells. The resulting clonal plasma cells produce large amounts of 

antibodies (approximately 10 pg/cell/hour) for about one to three days before they die 

(Stevens et al. 1979). Alternatively, activated B lymphocytes may become long lived 

memory cells.
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Figure 1.2: Diagram of B cell development.

Phenotypic changes which occur during B cell development in the bone marrow are indicated by 

their respective CD numbers. The most primitive B cell progenitors identifiable express terminal 

deoxynucleotidyl transferase (TdT). Polyclonal proliferation of bone marrow B cells ceases with 

the appearance of surface Ig. Newly generated B cells then migrate into the secondary lymphoid 

organs. Upon activation with antigen, individual B cell clones proliferate and differentiate into 

antibody secreting plasma cells. At the same time, stimulated B cells can become antigen specific 

memory cells. Adapted from Campana et al., with modifications (Campana and Behm 1992).
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Surface molecules of B lymphocytes:

Differentiating B cells sequentially express a number of specific surface antigens 

depending on the stage of maturation (Figure 1.2). Monoclonal antibodies recognizing such 

proteins are available and have been used to study B cell development (Campana et al. 

1985, Zola 1987). In addition, comparison of antigens expressed on B leukaemic cells, 

which are arrested at specific stages of differentiation, with their normal counterparts 

helped to accumulate information about the development of the B cell compartment 

(Greaves 1986). Depending on the antigen bound, monoclonal antibodies to leukocyte 

antigens have been grouped into 'clusters of differentiation' (CD) in the course of the four 

International Workshops on Leukocyte Differentiation Antigens held so far (Knapp et al. 

1989). The function of B cell antigens has been reviewed extensively (Clark and Lane 

1991, Zola 1987). In the following, only a selection of clustered antigens will be 

described.

CD19, as the most broadly expressed surface marker for B cells, is commonly 

used as a pan-B cell marker. This antigen is exclusively found on the surface of B 

lymphocytes and is expressed by virtually all B cell types except plasma cells. The gene for 

the CD 19 antigen has been cloned and sequenced (Stamenkovic and Seed 1988, Tedder 

and Isaacs 1989). CD 19 is a glycosylated integral transmembrane protein and belongs to 

the immunoglobulin superfamily. Monoclonal antibodies to CD 19 inhibit anti-lg mediated 

activation as well as DNA synthesis of B lymphocytes (Barrett et al. 1990, Pezzutto et al. 

1987).

The CD20 cluster of antibodies defines a membrane embedded phosphoprotein. 

CD20 expression is restricted to cells of the B lineage, but the antigen appears at later 

stages of B cell differentiation than CD 19 (Figure 1.2). CD20 tends to be lost when B cells 

are activated. Antibodies to CD20 appear to pre-activate B lymphocytes (Clark and 

Ledbetter 1986a).

The CD21 molecule has three distinct functions: it serves as the complement C3d 

receptor, it is used by Epstein-Barr virus (EBV) to adhere to B cells (Fingeroth et al. 1984,
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lida and Nadler 1983) and it is a ligand for CD23 (Aubry et al. 1992). CD21 expression is 

confined to B lymphocytes, but is found more mature B cells than CD 19 and CD20 (Figure 

1.2). This antigen may be involved in T cell mediated B lymphocyte activation, since CD21 

antibodies induce proliferation in the presence of T cells (Clark and Ledbetter 1986b).

CD22 antibodies react with a pair of highly glycosylated proteins. Sequence 

analysis of the CD22 gene revealed that it most likely codes for a cellular adhesion molecule 

(Stamenkovic and Seed 1990). The antigen is found on the surface of most (75%) 

peripheral blood B lymphocytes. Functional studies demonstrated that CD22 antibodies 

enhance anti-Ig induced DNA synthesis (Pezzutto et al. 1988).

CD23, the low-affinity IgE receptor, is expressed on a variety of cells including B 

cells, some T cells and monocytes (Delespesse et al. 1991). The extracellular part of this 

transmembrane glycoprotein can be cleaved into different soluble forms which may act as 

an autocrine B cell growth factor (Gordon et al. 1989) or may prevent cell death of 

germinal centre B lymphocytes (Liu et al. 1991). (2D23 expression is restricted to mature B 

cells and is not found on bone marrow B lymphocytes. Cytokines influence CD23 

expression: while IL-4 displays a stimulatory effect, interferon-y (IFN-y) down-regulates 

CD23 in normal B cells (Delespesse et al. 1991).

The phosphorylated glycoprotein recognized by CD40 antibodies has been found 

on the surface of normal and malignant B lymphocytes, follicular dendritic cells and certain 

carcinomas (Clark and Lane 1991). CD40 appears to be linked to the expression of MHC 

class I I  molecules and is up-regulated by factors known to increase MHC class II 

expression such as IL-4, IFN-y, phorbol esters and anti-Ig (Clark and Lane 1991, 

Stamenkovic et al. 1989). Cross-linked CD40 antibodies together with IL-4 allow long

term culture of B cells (Banchereau et al. 1991). In addition, activation of CD40 rescues 

anti-Ig stimulated germinal centre cells from programmed cell death (Liu et al. 1989), 

suggesting that this molecule is important for antigen-driven selection of B cell clones. 

These experiments imply that CD40 may also have a function in maintaining long-term 

survival of memory B cells (Liu et al. 1989).
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CD5^ B lymphocytes may represent a separate B cell lineage:

Antibodies in the CD5 cluster of differentiation recognize a 67 kD glycoprotein, 

which is present on the surface of all T cells. CD5 is also expressed by the malignant B 

lymphocytes of B cell chronic lymphocytic leukaemia (B-CLL) and a subset of normal B 

cells (Gadol and Ault 1986). Recently, a B cell antigen, CD72, has been identified as the 

ligand of CD5 (Van de Velde et al. 1991). It has been proposed that CD5/CD72 interaction 

may be important in communication between antigen presenting B lymphocytes and T 

helper cells (DeFranco 1991).

Small numbers of normal CD5Vsurface IgM+ B lymphocytes were first identified 

in cells derived from lymph nodes (Caligaris-Cappio et al. 1982). In adults CD5+ B 

lymphocytes represent approximately 10% of the total peripheral blood B cell population 

(Freedman et al. 1987, Hardy et al. 1987), while a much larger proportion of CD5+ B 

lymphocytes is found in foetal tissue (Antin et al. 1986, Freedman et al. 1987) and 

following bone marrow transplantation (Ault et al. 1985). Increased numbers of CD5^ B 

cells are also found in patients with autoimmune disease (Hardy et al. 1987, Taniguchi et 

al. 1987).

Ly-1, the murine equivalent to the human CD5 molecule is evolutionary conserved 

and most clues about possible functions of CD5+ B cells have been obtained by studying 

murine B lymphocytes expressing the Ly-1 molecule (Hayakawa and Hardy 1988, Kipps 

1989). Transplantation experiments using lethally irradiated mice first indicated that Ly-1+ 

B cells may form a developmentally distinct B cell lineage, because the Ly-1+ population 

could only be reconstituted with Ly-1+ B cell containing transplants, but not with Ly-1" 

grafts (Hayakawa et al. 1985). In contrast to normal murine B cells, peripheral Ly-1+ B 

lymphocytes are self-renewing (Hayakawa et al. 1986). Furthermore, distinct Ly-1+ and 

Ly-1" B cell subsets can be generated firom isolated early pre B cells in vitro. However, no 

direct evidence for the existence of a separate Ly-1+ B cell lineage is available at present It 

remains equally possible that unknown factors induce the expression of CD5 during B cell 

development and also contribute to appearance of this antigen on the surface of B-CLL
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cells. Possible functions of CD5^ B cells will be discussed in the context of B-CLL (see 

below).

Immunoglobulin gene rearrangement and expression.

The most important molecules expressed on the surface of B lymphocytes are Igs, 

which could be regarded as antigen receptors. The work of Tonegawa led to the discovery 

that B lymphocytes rearrange separate Ig gene segments and thereby enable B cells to 

synthesize antibodies against virtually every natural, and even artificial antigens (Tonegawa 

1983).

The segments coding for Ig heavy and the two light chains are located on three 

different chromosomes: heavy chain genes map to chromosome 14, K-light chain genes to 

chromosome 2 and X-light chain genes to chromosome 22. Like all eukaryotic genes, 

sequences coding for Igs are organized in coding exons separated by intervening, non

coding introns. Ig exons for heavy and light chain genes are clustered in related groups 

spread along the chromosomes (Figure 1.3). Segments coding for Ig variable regions are 

located 5' of constant region exons. The individual gene segments coding for Ig variable 

regions are contained in three exon clusters in the case of the heavy chain locus, and in two 

clusters on the light chain locus.

The rearrangement cascade starts with the assembly of Ig heavy chain variable 

region genes (Alt et al. 1986). The three exon clusters of the heavy chain variable regions 

have been termed variable (Vh), consisting of approximately 100 - 200 exons, diversity 

(Dy), with about 20 exons, and joining (Jy), consisting of 6 exons (Berman et al. 1988, 

Ravetch et al. 1981) (Figure 1.3). During rearrangement, one exon of each cluster is fused 

with one segment of the two other clusters, generating a heavy chain variable region gene 

(VyDyJy), which can be transcribed (see below). Conserved recombinase signal 

sequences (RSS), located on the 5' and 3* ends of the coding sequences, mediate 

recombination of the different germline elements. Every RSS consists of a palindromic 

heptamer and an AT-rich nonamer, separated by a non-conserved spacer of 12 or 23 base
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pairs (bp). The length of the spacer is recognized by the recombinase: only RSS with 12 

and 23 bp spacer can be joined (Tonegawa 1983). The reaction is initiated by joining of a 

D h  segment with a Jh  exon on both chromosomes (Alt et al. 1986). D y  segments are 

flanked by two RSS containing 12 bp spacers, but V y  and Jy elements have a single RSS 

with 23 bp spacer at their 3' and 5' end, respectively. Thus, assembly of a potentially 

functional V y D y J y  heavy chain gene must be mediated by joining of the Jy and V y  

elements to D y  segments. V y  to D y  rearrangements have not been observed (Yancopoulos 

and Alt 1986). At present, the factors responsible for Ig gene assembly are not known, but 

recently, two "recombinase activating genes" (RAG 1 and RAG 2) which display 

recombinase activity have been cloned and partially characterized (Schatz et al. 1992). 

Joining of individual segments is not precise. Only one of three rearrangements will be in 

frame and bases are sometimes deleted, or nucleotides added by the enzyme terminal 

deoxynucleotidyl transferase (TdT). This so called N-region addition further increases 

diversity (Tonegawa 1983).

The translocation of segments changes the physical relation of two gene regulatory 

sequences. A promoter area located 5' of every V y  segment comes in closer proximity to a 

enhancer segment which is contained in the intron between Jy and constant region exons 

(Figure 1.3). Transcription factors bind to the gene regulatory regions and initiate synthesis 

of RNA (Calame 1985). Provided that V y D y  and Jy exons have been assembled correctly 

and in frame and do not contain premature stop codons, the nuclear RNA is spliced and 

translated into protein. Ig heavy chains then accumulate in the endoplasmic reticulum 

(Figure 1.2).

Productive V y  - D yJy joining on one chromosome also triggers a feedback 

mechanism to prevent rearrangement of heavy chain variable sequences on the other allele. 

This control mechanism, termed allelic exclusion, ensures that an individual B cell will 

synthesize only one antigen specific Ig molecule (Alt et al. 1986).

Following successful heavy chain gene rearrangement, light chain genes are 

assembled. The rules for rearrangement of light chain genes are similar, with the exception
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that Ig light chain variable regions do not contain D segments. Therefore, only V l and J l 

elements are recombined. In accordance with the 12/23 rule, V l and J l elements are 

flanked by 12 bp or 23 bp spacers (Tonegawa 1983). Initially, V l and J l k  light chain 

genes on chromosome 2 are joined and after productive rearrangement transcribed and 

translated. Failure to achieve a productive V J k  rearrangement on one or the other 

chromosome results in the assembly of X genes on chromosome 22. As in the case of 

heavy chain gene rearrangement, a feedback mechanism prevents assembly of more than 

one light chain variable region gene (Alt et al. 1986). Successful rearrangement results in 

the production of light chains in the endoplasmic reticulum. Formation of disulphide bonds 

between the two Ig chains leads to the dislocation of an endoplasmic reticulum retention 

protein (Hendershot et al. 1987). Completed Ig molecules are transported to the cell 

membrane, resulting in aphenotypically identifiable B cell (Figure 1.2).

Ig variable region genes may be further modified by point mutations in the 

secondary lymphoid organs after the B cells have encountered antigen (French et al. 1989, 

Jacob et al. 1991, Kocks and Rajewsky 1989). It is believed that this process of somatic 

mutation will increase the affinity of antibody molecules to antigen. B cells synthesizing 

antibodies with higher affinity are selected and their expansion as well as survival is 

supported, enhancing the immune response in a recurrent infection.
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Figure 1.3: Schematic diagram of Ig heavy chain rearrangement.

Variable region gene segments are grouped into three exon clusters (V, D, and J). The gene 

rearrangement cascade is initiated by joining a D segment to a J exon and splicing out intervening 

sequences. Next, a V region exon is combined with the rearranged DJ segment, using the same 

mechanism. Transcription of primary nuclear heavy chain gene RNA is initiated by binding of 

transcription factors to promoter sequences in the 5' region of the translocated V segment and an 

enhancer located between J and cm exons (not indicated). Finally, intervening sequences are 

spliced out, and the mature transcript is transported to the cytoplasm.
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Although gene rearrangements create an extremely diverse B cell pool, synthesizing 

antibodies to as many as 10̂  or more different antigens at a time, this process also leads to 

a substantial loss of pre-B cells during differentiation. As mentioned above, assembly of Ig 

variable region gene segments is not precise. In fact, statistical analysis lead to the 

conclusion that the majority of cells (>90%) will fail to rearrange their Ig genes 

successfully (Cohen and Duke 1992). The destiny of these non-productive B cells is not 

known at present. Recently, it has been suggested, that these cells activate a suicidal 

mechanism (apoptosis) (Cohen and Duke 1992) and are quickly removed from the bone 

marrow by scavenger cells such as macrophages. In addition, B lymphocytes circulating in 

the secondary lymphoid organs have also been shown to die by apoptosis unless rescued 

by stimulation with antigen (Liu et al. 1989). Failure to activate apoptosis following 

unsuccessful gene rearrangement could result in the abnormal accumulation of B 

lymphocytes (see below).

Immunoglobulin isotype switching:

During development, B cells first express IgM on their surface followed by co

expression of IgD (Figure 1.2). At later stages of B cell differentiation a clone can switch 

Ig synthesis from IgM to different Ig heavy chain classes (isotypes) without changing the 

antigen binding part of the molecule (Figure 1.4). Two molecular mechanisms contribute to 

the switching of Ig isotypes (Shimitzu and Honjo 1984): IgM and IgD expressing B cells 

generate long nuclear VDJ-Cp-Cd transcripts. The RNA is spliced into VDJ-Cp or VDJ-Cd 

by alternative splicing mechanisms and translated into protein.

The second mechanism is used by some members of the same B cell clone as the 

final step of immunoglobulin rearrangement. Switch (S) sequences located 5' of the p 

constant region genes and all other constant region segments, with the exception of d, are 

used by a switch recombinase in a cutting and rejoining process (Figure 1.4). In order to 

switch the isotype of an antibody molecule, there is cutting, both of S sequences in front of 

the p exons, and the specific constant region segments to which the cell wants to switch to.
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The cleaved S areas are rejoined by the recombinase and intervening sequences containing 

ji exons and other constant region segments are deleted (Figure 1.4). This process ensures 

that constant region segments are assembled in line with VDJ sequences, allowing 

transcription as well as synthesis of the heavy chain molecule which now contain a 

different constant region. Since no switch region exists between p and d segments, a 

switch from IgM to IgD is more likely to be regulated at the transcriptional level, rather than 

by deletion of DNA segments (Shimitzu and Honjo 1984).
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Figure 1.4: Immunoglobulin isotype switching.

Repetitive sequences In the switch regions located 5' of the constant region heavy chain exons 

are joined by a specific switch recombinase with the switch region 5' of the c^ exon. Intervening 

DNA sequences are looped out and deleted. Rearranged VDJ genes of the variable region are 

not affected by this mechanism, enabling a B cell clone to switch Ig isotype without changing the 

antigen binding part of the Ig molecule.

Immunoglobulin genes are indicated by boxes and switch regions by serrated lines.

Adapted from Cooper, with changes (Cooper 1987).
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Cytokines involved in human B cell growth and differentiation:

Much information about the role of individual cytokines on B cells has been 

obtained by in vitro studies using highly purified B lymphocytes. However, the in vitro 

situation is much less complex compared to the environment encountered by B cells in 

vivo, where B cells are regulated by a network type interaction of different cell types. Cell

cell contact and soluble factors synthesized by a large variety of cells mediate B lymphocyte 

differentiation and the immune response (O'Garra et al. 1988).

Molecular analysis revealed, that cytokines in general are glycosylated proteins of 

low molecular weight. Binding of cytokines to their respective receptors expressed on the 

surface of cells triggers intracellular mechanisms which in turn lead to activation of genes 

and finally result in altered cell function. Growth factors can activate cells through autocrine 

(the target cells themselves synthesize the stimulating cytokine), paracrine (surrounding 

cells produce the growth factor) or endocrine (the cytokine is produced by a distant organ) 

stimulation.

Cloning of cytokine genes and production of recombinant growth factors has 

helped to define B cell growth factors and their function in B lymphocytes. Initially, 

growth factor activity was believed to be cell lineage restricted. More recent studies, 

however, demonstrated that cytokines have multiple effects on cells of different lineages. 

Furthermore, it was found that any one cytokine may have different effects, depending on 

the stage of differentiation or what other signals the cell has received (Gordon and Guy 

1987, O'Garra et al. 1988). In some instances, in vitro studies have resulted in conflicting 

reports about the role of certain cytokines in B cells, which may be due to different assay 

systems applied, or the methods used to purity B cells (Gordon and Guy 1987, O'Garra et 

al. 1988). There follows a brief description of the function of the most relevant cytokines 

for human B cells. The activity of recombinant molecules is given.

Two distinct molecular forms of IL-1 (IL -la  and IL -lp ) are known. Both 

molecules bind to the same receptor and appear to have identical functions (Dinarello

1991). This cytokine is responsible for mediating numerous effects during immune
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responses and is synthesized by a variety of cells including T cells, B cells, macrophages 

and fibroblasts (Dinarello 1991). IL -la , together with recombinant CD23, inhibits 

programmed cell death of germinal centere B lymphocytes and EBV transformed B cells 

may use IL-1 as an autocrine growth factor (Gordon and Cairns 1990, Scala et al. 1984).

The T lymphocyte derived T cell growth factor IL-2 also appears to be an important 

regulator of B lymphocyte growth and function (O'Garra et al. 1988, Smith 1988). Despite 

initial controversy, it is now accepted that lL-2 is involved in the regulation of human B 

lymphocyte proliferation (Nakagawa et al. 1986, O'Garra et al. 1988). lL-2 may also 

induce differentiation of B cells into antibody secreting cells and this effect is enhanced by 

IFN-y (Nakagawa et al. 1985, O'Garra et al. 1988).

IL-4 , a cytokine synthesized by activated T cells, has multiple effects on B 

lymphocytes (Yokota et al. 1988). Addition of IL-4 to cultured B lymphocytes induces 

proliferation of B cells costimulated with submitogenic doses of anti-lgM antibodies 

(Defrance et al. 1987b) and increases expression of CD23 (Defrance et al. 1987a) as well 

as CD40 molecules (Clark and Lane 1991). Moreover, lL-4 is an important cytokine for Ig 

isotype regulation: murine B cell cultures costimulated with mitogens and IL-4 synthesize 

IgGi as well as high levels of IgE (Snapper et al. 1988). Except for lL-4 induced 

proliferation, IFN-y antagonizes the effects of IL-4 on B lymphocytes (Defrance et al. 

1987a). IL-4 in turn has negative effects on lL-2 dependent proliferation and differentiation 

of B cells (Defrance et al. 1988).

Treatment of normal and EBV transformed human B cells with IL-6 induces Ig 

secretion (Kishimoto and Hirano 1988). lL-6 is synthesized by a variety of cells such as T 

cells, macrophages and fibroblasts and may not only regulate B cell function but also other 

haemopoietic cells including T lymphocytes (Kishimoto and Hirano 1988). lL-6 appears to 

be an autocrine growth factor for multiple myeloma (Kawano et al. 1988) and EBV 

transformed B cells (Tosato et al. 1988), but does not induce proliferation of normal B 

lymphocytes (Kishimoto and Hirano 1988).
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IL-7 was isolated and its cDNA cloned from an SV40 transformed bone marrow 

stroma cell line (Goodwin et al. 1989, Namen et al. 1988). Although characterization of the 

function of this growth factor is not completed, investigations using recombinant IL-7 

demonstrated, that IL-7 supports growth of pre-B and pre-T cells (Kincade et al. 1989). In 

contrast to B cells, IL-7 activity is not restricted to immature cells of the T lineage (Henney

1989)

Cytokine synthesis inhibitory factor (CSIF), or /L-iO, was recently discovered by 

its ability to suppress IFN-y production of a subset of mouse T helper cells. Interestingly, 

an EBV encoded protein termed BCRFl and human IL-10 share high homology at the 

nucleic acid and the amino acid level (Vieira et al. 1991). Both human and mouse IL-10 are 

able to suppress IFN-y synthesis of activated peripheral blood mononuclear cells, implying 

that IL-10 is an important modulator of immune responses in mouse and man (Vieira et al.

1991). Only a limited number of investigations have been conducted yet to determine the 

function of IL-10 in human B lymphocytes, but a recent report suggests that IL-10 may be 

a novel growth and differentiation factor for activated human B lymphocytes (Rousset et al.

1992).

Tumour necrosis factor a (TNF-a) causes the necrosis of certain tumours in 

animals and is cytotoxic for a number of cell lines in vitro (Beutler and Cerami 1989). 

TNF-a is synthesized by a variety of cells including macrophages as well as T and B 

lymphocytes (Sung et al. 1988a, Sung et al. 1988b). TNF has been shown to prolong 

proliferation of anti-lgM and mitogen stimulated B lymphocytes (Kehrl et al. 1987b). TNF- 

p (lymphotoxin) has similar activities as TNF-a (Paul and Ruddle 1988), including 

augmentation of mitogen activated B cell proliferation (Kehrl et al. 1987a). Lymphotoxin is 

a T cell derived cytokine.

Interferon-a (IFN-a) is a family of homologous molecules with at least 15 known 

functional proteins, while only one form of IFN-P has been identified yet. Both molecules 

bind to the same receptor and mediate a wide range of biological functions such as 

resistance to viral infections and control of cell growth or regulation of immune responses
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(Balkwill 1989). IFN-a and -6 have been reported to enhance proliferation of anti-lgM 

stimulated human B lymphocytes (Morikawa et al. 1987).

In contrast to the primarily antiviral effects of IFN-a and IFN-P, release of IFN-y 

by activated T lymphocytes and NK cells has pronounced consequences on the regulation 

of immune responses (Balkwill 1989). It differs structurally and functionally from the two 

other IFNs and binds to a separate receptor (Balkwill 1989). IFN-y is a potent activator of 

macrophages as well as cytotoxic T cells and increases MHC class II expression on antigen 

presenting cells (Trichineri and Perussia 1985). IFN-y has multiple effects on B cells: 

antibody production of IL-2 stimulated B lymphocytes is enhanced (Nakagawa et al. 1985, 

Trichineri and Perussia 1985) and proliferation of IL-4 stimulated B lymphocytes is 

augmented. Human B lymphocytes also proliferate when costimulated with anti-lgM 

antibodies and IFN-y (Morikawa et al. 1987, O'Garra et al. 1988). Although this molecule 

can synergize with IL-4 to induce proliferation, it counteracts IL-4 effects on CD23 

expression and suppresses IL-4 mediated augmentation of IgGl and IgE expression 

(Defrance et al. 1988, Snapper et al. 1988), suggesting a reciprocal regulation of effects 

mediated by these two cytokines.

The malignant counterparts of normal haemopoietic cells, including neoplastic B 

lymphocytes, also respond to cytokines, as will be discussed below. With the availability 

of purified recombinant cytokines, a number of clinical trials using different growth factors 

have been initiated. One of the first cytokines available in recombinant form and in 

sufficient quantities was IFN-a. Although this cytokine does not positively influence the 

clinical outcome of most malignancies tested so far, IFN-a proved to be useful in the 

treatment of specific haemopoietic malignancies, in particular hairy cell leukaemia (Galvani 

and Cawley 1990).
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B cell activation at the molecular level:

Binding of growth factors to their cognate receptors results in transient activation of 

receptor molecules. This in turn induces intracellular proteins involved in the growth 

stimulatory pathway and the synthesis of a number of so called second messenger 

molecules. Ultimately, these signals are transmitted to the nucleus where transcription of 

specific genes is initiated, resulting in cell division or differentiation.

Most information about signal transduction in haemopoietic cells has been obtained 

using cell types other than B cells, including T lymphocytes (Linch et al. 1987). Certain 

receptors, including surface Igs, are coupled to membrane bound proteins with high 

affinity to guanine nucleotides (G proteins) (Cambier and Ransom 1987). Ligand binding 

activates the intracellular G proteins which, depending on the type of receptor, induce the 

enzymes adenylate cyclase, resulting in higher intracellular levels of cyclic (c)AMP, or 

phospholipase C (Berridge and Irvine 1984). Phospholipase C in turn generates two more 

second messengers: inositol triphosphate and diacylglycerol. Inositol triphosphate induces 

the release of calcium from intracellular stores whereas diacylglycerol stimulates protein 

kinase C, a key enzyme for cellular activation. Hydrolisis of phophoinositides and 

activation of protein kinase C appears to be particularly important for B cell activation 

(Cambier and Ransom 1987). Other receptors, including many growth factor receptors, 

induce protein tyrosine phosphorylation upon ligand binding (Ullrich and Schlesinger

1990). The activated receptors transmit signals directly by phosphorylation of tyrosine 

residues of specific substrates or by interacting with intracellular tyrosine kinases 

associated with the receptor molecule, such as the members of the src family. In B cells, 

the IL-4 receptor has tyrosine kinase activity (Cambier and Ransom 1987) and protein 

tyrosine phosphorylation may be an alternative mode of transmembrane signalling by 

membrane Ig (Gold et al. 1990).

Biochemical changes in response to external stimuli result in the rapid and often 

transient expression of specific nuclear genes, the so called early response genes. The most 

widely studied sequences are coding for the proto-oncogenes c-myc, c-jun and c-fos, but a
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variety of other genes are also known to be expressed following activation (Hunter 1991). 

Early expression of these and other genes is believed to initiate a cascade of events leading 

to cell activation. Expression of early response genes in normal B lymphocytes following 

activation needs further study, but it has been reported that anti-Ig antibodies and IL-4 

stimulation result in the induction of c-myc mRNA transcription (Phillips et al. 1988).The 

function of early response genes in normal B lymphocytes has not been investigated yet, 

partly due to the lack of suitable methods. However, several experimental models, such as 

transgenic mice and EBV transformed human B lymphocytes, suggest that the gene 

products of several proto-oncogenes, including c-myc, may play an important role in B 

cells (Adams and Cory 1991, Lombardi et al. 1987, Nasi et al. 1990). Therefore, one of 

the objectives of this thesis was to develop procedures allowing the investigation of the role 

of these genes in B cell growth and differentiation.
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B Cell Malignancies:

Alteration of the genetic material by mutations, chromosomal rearrangements, gene 

amplifications and viral insertions is now widely accepted to contribute to tumorigenesis 

(Bishop 1991). In most cases, a specific class of transforming genes, or oncogenes are 

affected. Oncogenes were first identified as the genetic material contained in transforming 

retroviruses (viral oncogenes, or v-onc) (Bishop 1983). Further analysis lead to the 

discovery that the retroviral genes were derived from non-transforming cellular genes 

(cellular oncogenes, or c-onc), the proto-oncogenes (Varmus 1984). In the last decade, 

numerous proto-oncogenes and their transforming counterparts have been characterized. 

Proto-oncogenes may code for growth factors and receptors, but some are also crucial 

elements in signal transduction processes (Cantley et al. 1991). In addition, many proto

oncogenes encode nuclear proteins which act as transcription factors (Hunter 1991). 

Activation of a single proto-oncogene is normally not sufficient to cause neoplasia and 

oncogenes cooperate to override the control mechanisms of a cell, supporting the classical 

concept of cancer as a multistep process (Hunter 1991). Oncogenes were first identified as 

dominant genetic elements, with mutation of one allele being sufficient for transformation. 

However, many tumours with homozygous deletions of both chromosomes have been 

described. These observations prompted Knudson more than 20 years ago to propose the 

concept of recessive oncogenes (Knudson 1971), now known as tumour suppressing 

genes or anti-oncogenes (Marshall 1991, Weinberg 1991). Cell growth is believed to be 

influenced negatively by tumour suppressing genes, although the function of the anti

oncogenes identified so far has not been established yet in detail. Indeed, analysis of 

tumour derived material implicated a role of recessive genes in a large variety of human 

malignancies (Marshall 1991, Weinberg 1991). Based on recent evidence, the most widely 

mutated gene in human cancers, p53 (Hollstein et al. 1991), has been suggested to act as a 

"molecular policeman" which monitors the integrity of the genome (Lane 1992). In normal 

cells, p53 accumulates in response to damage of the genetic material and induces cell cycle
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arrest to allow repair mechanisms to operate. By contrast, mutated p53 forms found in 

tumour cells are no longer functional. As a result, malignant ceUs harbouring mutations and 

chromosomal rearrangements accumulate.

Chromosomal abnormalities and genes involved in B cell malignancies:

B cells give rise to a number of distinct leukaemias and lymphomas, which appear 

to be arrested at a specific stage of differentiation and may represent a transitory cell type 

normally found in small numbers (Greaves 1986). Such malignancies include for example 

pie B acute lymphoblastic leukaemia (B-ALL), mature B cell stage Burkitt's lymphoma and 

B cell chronic lymphocytic leukaemia, and plasma cell stage multiple myeloma. These 

properties, combined with the fact that chromosomal translocations involving 

immunoglobulin loci as well as various proto-oncogenes are common features of many B 

cell malignancies, has made them an attractive model for studying the molecular genetics of 

cancer and has also helped to identify novel proto-oncogenes (Korsmeyer 1992b).

Pre B cell ALL is the most common form of childhood leukaemia. The 

chromosomal translocation t(l;19), found in approximately 30% of the cases is associated 

with a poor prognosis of the patients (Carroll et al. 1984). The E2A gene codes for a 

ubiquitously expressed transcription factor and is located on chromosome 19. The PBX 

gene mapping to chromosome 1 belongs to a novel family of homeobox genes. In the 

course of the translocation process, a fusion gene between E2A and PBX is created, 

resulting in transcription and translation of a chimeric E2A/PBX protein coding for a 

potential transcription factor with the ability to transform cells (Kamps et al. 1990, Nourse 

et al. 1990).

The Philadelphia chromosome (Ph^) can be found in virtually all cases of chronic 

myeloid leukaemia (CML), but also in 25% of adults and approximately 5% of children 

with ALL of pre B type (Rowley 1982). Pĥ + ALL patients have a much worse prognosis 

compared to PH^- ALL. The t(9;22) chromosomal translocation involves the proto

oncogene c-abl on the long arm of chromosome 9 and a specific 5.8 kb spanning region on
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chromosome 22, termed the breakpoint cluster region (her). The her region is part of the 

her gene which occupies approximately 90 kb on chromosome 22. The t(9;22) results in a 

fusion protein encoded by 5' bcr sequences and 3' abl sequences on the Pĥ  chromosome 

(Kurzrock et al. 1988). In contrast to CML, the bcr gene can be rearranged in two areas in 

ALL. The original breakpoint region, where CML rearrange, is located within bcr 

sequences (exons 10-14). The ALL specific breakpoint is located in intron 1 creating a 

much shorter transcript and fusion protein (Hermans et al. 1987). Both fusion protein 

forms, the p210 found in CML and ALL, and the short pl90 ALL type protein transform 

cells because of augmented tyrosine kinase activity of the fusion protein compared to wild- 

type c-abl (Lugo et al. 1990). As suggested by the human disease, the molecular forms of 

the bcr-abl fusion protein may affect the type of malignancy generated. Animal experiments 

confirmed the oncogenic potential of bcr-abl fusion constructs, but demonstrated that other, 

secondary events are also likely to influence the outcome of this malignancy (Elefanty et al.

1990).

Interchromosomal rearrangements involving the uninterrupted coding sequence of 

the c-myc gene on chromosome 8 and various Ig heavy and light chain loci are commonly 

found in Burkitt's lymphoma and mouse plasmacytomas (Cole 1986). Both, 

overexpression due to introduction of the cp intron enhancer and differential promoter 

usage may contribute to c-myc activation in the different forms of Burkitt's lymphoma 

(Kelly and Siebenlist 1986). The function of the c-myc gene and its possible role in B cell 

malignancies is discussed further in chapter 2.

Another example of an interchromosomal translocation involving the Ig heavy chain 

locus on chromosome 14 is the t(l 1;14) found in centrocytic lymphomas and a few cases 

of other B cell malignancies including myelomas and B-CLL (Rabbitts et al. 1988). 

Although this locus was cloned and termed bcl-1, no abnormal transcript derived from this 

locus could be identified (Korsmeyer 1992b). Interestingly, a number of parathyroid 

tumours also have translocations involving chromosome 11 resulting in the overexpression 

of the novel proto-oncogene PRAD-1 (parathyroid adenomatosis), which was subsequently
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shown to be involved in cell cycle regulation (Motokura et al. 1991). Reexamination of B 

cell tumours bearing the t(l 1 ;14) translocation using PRAI>1 probes revealed that PRAD-1 

message was abundant in cases with bcl-1 rearrangements (Rosenberg et al. 1991). 

Therefore, PRAD-1 or a gene located in the direct vicinity may be the candidate oncogene 

located on the breakpoint of chromosome 11.

The t(14;18) chromosomal translocation is found in at least 85% follicular and 

approximately 20% diffuse B cell lymphomas (Yunis et al. 1987), thus representing the 

most common chromosomal translocation in human lymphoid malignancies. Molecular 

cloning of the t(14;18) breakpoint lead to the discovery of the bcl-2 proto-oncogene . The 

translocation takes place during Ig gene rearrangements, when bcl-2 sequences from 

chromosome 18 are erroneously joined with Ig heavy chain J sequences located on 

chromosome 14 (Tsujimoto et al. 1985). Most translocations (approximately 70%) occur 

within a major breakpoint region (MBR) of only about 250 bp located in 3' untranslated 

sequences of the bcl-2 gene (Bakshi et al. 1987), thus leaving the coding sequence of the 

bcl-2 gene intact. Alternatively, a more distant minor cluster region (mcr) on chromosome 

18 is used (Ngan et al. 1989). As a consequence of this specific interchromosomal 

translocation, a bcl-2-Ig fusion gene is generated. This results in the overexpression of 

bcl-2-Ig RNA as well as normal size 25 kD bcl-2 protein. Whilst classical oncogenes, 

including the genes described so far, transform cells by increasing their proliferative 

activity, the bcl-2 gene appears to promote malignant transformation by extending cell 

survival (Vaux et al. 1988). Bcl-2 prevents cells from initiating programmed cell death, or 

apoptosis, a form of death observed in many different tissues including the immune system 

(Cohen 1991, Williams 1991, Wyllie et al. 1980). This form of cell death may be an 

important mechanism for removing non-functional cells such as B lymphocytes with non

productive Ig gene rearrangements or maturing thymocytes recognizing self antigens 

(Cohen 1991).



39

B Cell Chronic Lymphocytic Leukaemia:

Clinical features:

B-CLL accounts for approximately 30% of all adult leukaemias in Europe and the 

United States, but is much less frequent in Asia (Dighiero et al. 1991, Gale and Foon 

1987). The incidence of B-CLL increases with age: 90% of patients are older than 50 

years. Males are 1.5 times more affected by the malignancy than females and multiple 

families with an increased occurence of this type of leukaemia have been reported (Gunz 

1977). In the majority of cases (95%), CLL develops from the expansion of a single 

malignant B cell clone, but on rare occasions (<5%) can also originate from T 

lymphocytes. Clonality has been demonstrated using a variety of approaches, but was 

shown perhaps most convincingly by analysis of Ig gene rearrangements (Foroni et al. 

1987).

Hypogammaglobulinaemia, anaemia, thrombopaenia and immune neutropaenia are 

frequently associated with B-CLL (Dighiero et al. 1991). Autoimmune diseases, in 

particular haemolytic anaemia and thrombocytopaenia, evolve in about 10 - 25% of patients 

(Dighiero et al. 1991). Many patients die because of age related complications or infections 

due to impaired immune response, but expansion of the tumour cell mass is the most 

frequent cause of death. A small proportion of cases undergo transformation to more 

aggressive forms: approximately 3 - 5 % of B-CLL patients develop Richters syndrome, a 

lymphoproliferative disease with extremely poor prognosis (Dighiero et al. 1991). 

Interestingly, a recent study suggested that activation of the p53 gene, a so called tumour 

suppressor gene, may be involved in Richter's transformation of B-CLL (Gaidano et al.

1991). Accumulation of prolymphocytes is observed in about 10% of B-CLL, again 

accompanied by poor response to chemotherapy and limited survival.

In 1975 Rai et al. proposed a staging system based on physical findings and blood 

cell counts (Rai et al. 1975). In the Rai classification, patients are grouped into five clinical 

stages. Stages 0 and I constitute a favourable prognostic group surviving often more than 

10 years. While patients in stages II display intermediate survival, stages III and IV
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comprise high-risk patients, who have a median survival of less than 2 years after 

diagnosis. Rai et al. reported an overall median survival of 71 months. Alternative staging 

systems have been proposed (e.g. (Binet et al. 1981).

The variable course of the disease and the high median age of B-CLL patients have 

hampered the development of a general treatment schedule for B-CLL. Usually, patients at 

early stage of the diseaæ remain untreated, unless the disease progresses. By contrast, high 

risk patients receive various forms of chemotherapy (Dighiero et al. 1991).

Cellular characteristics of B-CLL:

Cell cycle analysis by flow cytometry of a large number of peripheral blood cells 

from B-CLL patients confirmed previous studies reporting that the neoplastic cells are non

dividing, Go arrested lymphocytes (Orfao et al. 1992). Morphologically, the malignant 

cells resemble mature peripheral blood B lymphocytes. Phenotypic analysis with 

monoclonal antibodies, however, revealed a number of differences between B-CLL cells 

and most normal B lymphocytes (Caligaris-Cappio and Janossy 1985, Freedman and 

Nadler 1990). B-CLL cells express surface IgM often together with IgD, but the intensity 

is weaker than on normal B lymphocytes, whereas intracellular Ig levels are increased. 

Antibodies to pan B cell antigens (such as CD 19, CD20, CD 21, and CD37) normally react 

with B-CLL cells, but antigens found on immature B lymphocytes, including CD 10, are 

not present. Although B-CLL cells resemble resting B lymphocytes, B cell activation 

markers such as CD23 and CD25 (the low affinity receptor for IL-2) are frequently 

detected. In contrast to normal peripheral blood B lymphocytes, B-CLL cells express 

receptors to mouse red blood cells (Caligaris-Cappio and Janossy 1985). Furthermore, B- 

CLL cells express the CD5 antigen, a membrane protein initially described as a pan T cell 

marker (Caligaris-Cappio and Janossy 1985, Freedman and Nadler 1990).

B-CLL cells and their relation to CDS'*' B lymphocytes:

The physiological function of normal CD5+ B lymphocytes is not well understood, 

but it is established that mouse and human Ly-1+/CD5+ B cells are able to synthesize
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autoreactive antibodies (Hayakawa and Hardy 1988). Interestingly, New Zealand Black 

Mice (NZB), an inbred mouse strain with distinctively higher levels of Ly-1+ B cells 

compared to normal strains, develop autoimmune diseases at high frequency (Hayakawa 

and Hardy 1988). This observation could not only be of importance for the pathology of 

human autoimmune diseases with increased numbers of CD5^ B lymphocytes, but also for 

B-CLL: CD5^ B-CLL cells synthesize autoreactive IgM antibodies after stimulation 

(Sthoeger et al. 1989) and autoimmunity against blood cell components occurs with 

relatively high frequency (10% - 25%) during the course of the disease (Dighiero et al.

1991).

Although experimental evidence suggests the existence of a unique Ly-1+/CD5+ B 

cell lineage, this subject needs further study. It remains uncertain, whether B-CLL 

originates from normal CD5 B lymphocytes which have acquired the ability to express this 

antigen as part of the neoplastic process or whether they derive directly from cells of the 

hypothetical CD5+ B lineage.

Chromosomal abnormalities and oncogenes in B-CLL:

Because B-CLL cells are non-dividing lymphocytes, tightly arrested in Gq of the 

cell cycle, cytogenetic analysis is difficult. With the advent of B cell mitogens such as 

phorbol esters, lipopolysaccharide, EBV, and pokeweed mitogen, adequate numbers of 

metaphases for analysis can be generated in most cases. In more than 50% of B-CLL 

patients chromosomal abnormalities can be found (Dighiero et al. 1991). The most frequent 

chromosomal abnormality is trisomy 12 (approximately 30% of abnormal cases). In a 

recent study, defects in the 13ql4 (51 of 433 cases) and 14q32 (41 of 433 cases) 

chromosomal bands were detected (Juliusson et al. 1990). Interestingly, the retinoblastoma 

gene (RB), a prototype anti-oncogene believed to be involved in cell cycle regulation 

(Marshall 1991, Weinberg 1991), maps to the defective region of chromosome 13. Since 

not all malignant cells are affected, it remains to be elucidated whether chromosomal
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abnormalities contribute to the pathogenesis of B-CLL, or if they constitute secondary 

effects.

Activated proto-oncogenes have not been found yet in a substantial proportion of B- 

CLL cases. Two studies reported rearrangement of the bcl-2 gene in 3 of 32 and 3 of 44 

cases, respectively (Adachi et al. 1990, Raghoebier et al. 1991). In contrast to follicular 

lymphoma, where trarislocations of the bcl-2 gene occur in narrowly defined major and 

minor breakpoint cluster regions (see above), B-CLL rearrange bcl-2 in the 5' area of the 

gene. Whether bcl-2 rearrangements define a more aggressive B-CLL subtype or has other 

consequences is uncertain at present. Other, extremely rare, oncogene rearrangements have 

also been observed, including the retinoblastoma locus, bcl-1 and bcl-3 genes (Dighiero et 

al. 1991).

B-CLL response to recombinant cytokines:

In general, the response of B-CLL cells to recombinant cytokines is more refractory 

than normal B cells. Reports about the role of individual growth factors are often 

controversial, which may reflect the heterogeneity of the clinical material studied. In vitro 

studies using recombinant growth factors may ultimately lead to a better understanding of 

the pathology of the disease and may also be useful for the development of novel strategies 

for the treatment of B-CLL.

Although little information is available about the function of IL-1 in B-CLL, this 

cytokine may be of importance: IL-1 is synthesized by B-CLL clones (Morabito et al.

1987). However, a role of IL-1 as an autocrine growth factor in B-CLL is unlikely because 

it does not induce DNA synthesis even when the cells are coactivated with various stimuli.

IL-2 is a consistent activator of human B cells. In analogy to normal B 

lymphocytes, DNA synthesis of B-CLL cells is induced upon pre-activation with anti-Ig 

antibodies (Lantz et al. 1985). Ig secretion can be found in B-CLL cells activated with 

phorbol ester and IL-2 (Kabelitz et al. 1985). IL-2 acts synergistically with IFN-y to induce
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DNA synthesis (Karray et al. 1987), and IL-4 suppresses the response of B-CLL cells to 

IL-2 (Karray et al. 1988a).

Unlike normal B lymphocytes, B-CLL cells do not proliferate in response to lL-4 

(Karray et al. 1988a) and IL-4 inhibits IL-2 induced DNA synthesis (Karray et al. 1988a). 

IL-4 is a potent activator of CD23 expression in normal B lymphocytes and B-CLL cells. 

This effect is enhanced by the addition of IFN-y, TNF-a and IL-2 to B-CLL cells 

stimulated with IL-4 (Fournier et al. 1992), but not in normal B lymphocytes.

IL-6 may be involved in the regulation and development of B-CLL cells , since a 

high proportion of B-CLL clones are able to synthesize this growth factor (Biondi et al. 

1989). However, experiments using unpurified tisssue culture supernatant containing IL-6 

activity did not have any effects (Drexler et al. 1988) and the function of this cytokine has 

to be reexamined using recombinant material.

Although interferon-a and -y are not able to stimulate proliferation of B-CLL cells 

on their own, they enhance the effects of IL-2 induced DNA synthesis (Karray et al. 

1988b, Karray et al. 1987). It has also been proposed that interferons induce differentiation 

of B-CLL cells (Totterman et al. 1988, Totterman et al. 1987).

B-CLL cells variably respond to TNF-a, but selected B-CLL cases show 

significantly increased levels of DNA synthesis in the presence of this cytokine (Cordingley 

et al. 1988, Digel et al. 1989). TNF-a can be detected in sera from B-CLL patients but not 

in samples obtained from normal individuals (Foa et al. 1990), and may act as an autocrine 

growth factor in a proportion of B-CLL.
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Proto-oncogene expression in B-CLL cells following mitogenic activation:

Studies of gene activation in B-CLL cells following mitogenic induction are 

difficult, because of the poor response of the malignant lymphocytes to many B cell growth 

factors. The growth and differentiation arrest of B-CLL cells can be overcome with a 

variety of agents, but phorbol esters, such as TPA (12-0-tetradecanoylphorbol 13-acetate) 

are the most potent stimuli (Totterman et al. 1980). TPA stimulation results in 

morphological changes coupled with the induction of Ig secretion and slightly increased 

DNA synthesis (Totterman et al. 1980). At the molecular level, transient expression of the 

proto-oncogenes c-myc, c-jun and c-fos becomes apparent after TPA stimulation (Larsson 

et al. 1987, Murphy et al. 1990). TPA directly activates protein kinase C, a key enzyme of 

intracellular activation (Berridge and Irvine 1984), but calcium levels are not increased. 

This can be achieved by the use of calcium ionophores such as A23187. TPA and calcium 

ionophore A23187 act synergistically in the activation of B-CLL cells inducing 

morphological changes, DNA synthesis and differentiation more efficiently than TPA alone 

(Drexler et al. 1988, Drexler et al. 1987). Again, maturation and cell cycle progression are 

characterized by a rapid increase of mRNA levels for the nuclear proto-oncogenes c-myc, 

c-jun and c-fos (Drexler et al. 1989, Gignac et al. 1990b). Treatment of B-CLL cells in 

vitro with TNF also induces transcription of these proto-oncogenes. However, TNF 

induced increase of mRNA levels is markedly delayed compared to TPA/A23187 

stimulated cells: for example maximum c-myc RNA levels are observed within 4 hours 

following TPA/A23187 treatment. In contrast, TNF induced c-myc is detectable after 72- 

120 hours (Gignac et al. 1990a). These results indicate, that the effects of TNF may be 

mediated by other cytokines or suggest an auto-induction of TNF itself (Cordingley et al.

1988).

C-jun and c-fos are known transcription factors and a considerable body of 

evidence suggests that c-myc may also be involved in the regulation of transcription 

(Hunter 1991). Expression of these genes following mitogenic stimulation may initiate a 

cascade of events that result in cellular activation. Therefore, constitutive expression of
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high levels of these genes should have profound effects on B-CLL growth and 

differentiation. As mentioned above, similar mechanisms appear to be involved in B cell 

activation, which may allow B-CLL cells to be used as a model system to study the 

influence of selected genes on mature B cells in general. One way of approaching this 

question would be to introduce nucleic acid sequences of interest into B-CLL cells or B 

lymphocytes and to study the effects of individual genes following gene transfer. 

However, techniques for introduction of genes into primary B lymphocytes were not 

established before the initiation of this thesis.
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Aims of this project:

Our knowledge of genes regulating growth and differentiation in normal and 

malignant B lymphocytes is limited in part due to the lack of suitable gene transfer and 

expression systems allowing manipulation of the genetic material and expression of 

inserted genes in B cells. For this reason the effects of proto-oncogenes including the c- 

myc gene in normal and the mahgnant B lymphocytes of B-CLL are unclear, even though 

c-myc is rapidly activated following mitogenic stimulation in these cells. Similarly, we do 

not know whether the c-myc and other proto-oncogenes, which influence B cell growth 

and development in transgenic mice or EBV transformed B cell lines, are indeed important 

for these processes in primary B lymphocytes. The aims of this thesis were to begin to 

address these questions by

( 1 ) developing a method for transfection of genes into the mahgnant B cells of patients

with B-CLL and into normal B lymphocytes.

(2) transfecting the c-myc gene into B-CLL cells following the estabhshment of 

electroporation as a method with reasonable efficiency, in order to study its effects 

on cell growth, survival, cytokine production and phenotypic changes.

(3) attempting to obtain permanently growing B-CLL derived cell lines by introducing 

the oncogenes Ha-ras, fos, raf, jun and mos alone or in combination with c-myc 

into B-CLL lymphocytes.

(4) studying in detail the mechanisms by which c-myc transfected B-CLL cells show 

transiently increased survival. In this aim I studied the effects of IFN-y, a cytokine I 

found to be secreted following c-myc gene transfer, on survival and prevention of 

cell death (apoptosis) in cultured B-CLL cells. I also determined whether IFN-y 

may be important in vivo by measuring serum levels of this cytokine in patients 

with B-CLL. In addition, B-CLL cells were examined for their abihty to synthesize 

IFN-y messenger RNA and protein in vitro.



Chapter 2:

Gene Transfer into Human B Cell 
Progenitors, Normal B 

Lymphocytes and B-CLL Cells.
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Introduction:

Gene transfer and expression in primary cells and cell lines has increased our 

understanding of gene function and is a particularly important tool in analyzing the 

mechanisms leading to malignancy. DNA transfection studies have allowed the detection of 

oncogenes derived from primary tumours and the determination of their role in the 

progression of carcinogenesis (Barbacid 1987, Bishop 1983, Bishop 1987, Land et al. 

1983, Varmus 1984, Weinberg 1989). Transfection has also been used to identify the 

transforming sequences of carcinogenic viruses (Graham and Van der Eb 1973, Hill and 

Hillowa 1972), while transfer of various growth factor genes permits autonomous growth 

of factor dependent cell lines (Lang et al. 1985). Finally, efficient gene transfer techniques, 

allowing introduction of individual genes into suitable host cells, will be increasingly useful 

for the production of therapeutic agents and are one of the requirements for future gene 

therapy.

However, the range of cell types in which gene transfer and expression can be 

successfully achieved is restricted, imposing limitations on the potential power of gene 

transfer experiments. For example, although methods have been published for the 

transfection of primary T cells (Cann et al. 1988) and a number of different techniques have 

been applied to lymphoid cell lines, so far there have been no reports of successful 

transfection of purified B cell progenitors, mature cells of the B lineage or primary B 

leukaemia cells.

One effective transfection technique is electroporation (Potter et al. 1984). During 

this procedure an electric field is applied, and it has been suggested that this leads to 

transient perforation of the cell membrane by an as yet undefined mechanism (Kinosata and 

Tsong 1977). Electroporation has been successfully applied to introduce DNA into a wide 

range of cell types including mammalian (Neumann et al. 1982, Potter et al. 1984), plant 

(Fromm et al. 1985) and bacterial cells (Dower et al. 1988). Here I describe how this 

technique can be modified to produce gene transfer and expression not only in normal B
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cells, but also in bone marrow B cell progenitors and the malignant, CD5^ lymphocytes of 

patients with B cell chronic lymphocytic leukaemia.

I chose plasmid based expression vectors with powerful gene regulatory sequences 

linked to bacterial or viral reporter genes to demonstrate successful gene transfer into bone 

marrow B progenitor cells and mature B lymphocytes. The influence of various 

lymphokines and other stimuli on transfection efficiency and kinetics was also studied. In 

addition optimal transfection conditions and the most efficient expression vectors for the 

malignant B lymphocytes of B-CLL were determined.
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Materials and Methods:

B-CLL patients:

B-CLL samples were obtained from 12 patients. Diagnosis of B-CLL was based on 

morphological, clinical and immunological criteria and was unequivocal. None of the 

patients was treated for at least 3 months prior to investigation.

Twenty ml peripheral blood were obtained by venipuncture and prevented from 

clotting by the addition of 10 U/ml of preservative free Heparin. Blood was diluted 1:1 

with R PM I1640 (Whittaker Bioproducts, Walkersville, MD, USA) and mononuclear cells 

separated from red blood cells as well as granulocytes by Ficoll-Hypaque (Lymphoprep, 

Nycomed, Birmingham, U.K.) density gradient centrifugation at 450 x g for 30 minutes. 

The mononuclear cell-containing interface was further purified by depleting monocytes by 

adherence to plastic (Nunc tissue culture plates, Roskilde, Denmark) for 90 minutes at 

37®C at a cell concentration of 4 x W  cells/ml RPMI supplemented with 10% foetal calf 

serum (PCS; Flow Laboratories, Herts, U. K.; Whittaker Bioproducts, Lot # 9M057). 

Non-adherent cells were harvested by gentle pipetting. T lymphocytes were removed from 

the non-adherent cell fraction by rosetting with sheep red blood cells. One x 10? 

mononuclear cells were incubated with a 1 % suspension of washed sheep red blood cells 

(Tissue Culture Services, Buckingham, U.K.) at 4^C for 45 minutes followed by a second 

Ficoll-Hypaque centrifugation (Falkow et al. 1982). The interface, containing highly 

enriched B lymphocytes was harvested, resuspended in RPMI supplemented with 10% 

PCS, 100 I.U. penicillin/ml, 100 pg/ml streptomycin, 2 mM L-glutamine (Whittaker 

Bioproducts) and the cell number determined by counting trypan blue excluding cells in a 

haemocytometer. Cells were cultured at a final concentration of 2 x 10 /̂ml at 37^C, 5% 

CO2 in a humidified atmosphere. Identical conditions were used for the culture of tonsillar 

B lymphocytes and bone marrow mononuclear cells.

Evaluation of purity: To assess the quality of separation, purified cells were 

incubated with mouse monoclonal anti-human antibodies directed against the T cell specific 

cluster of differentiation (CD) 3, the T cell and B-CLL marker CD5 and the pan-B cell
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antigen CD 19 (Sera Labs, Crawley Down, Sussex, U.K.). For detection of monocytes a 

mouse monoclonal antibody recognizing CD14 (JMC-17, Dr. H. Zola, Adelaide, Australia) 

was used. A microtiter plate method (Campana and Janossy 1986) was applied for indirect 

immunofluorescence staining. One x 10̂  cells were transfered to a 96-well microtiter plate, 

pelleted by acceleration to 1000 x g in a centrifuge and the supernatant discarded. Cells 

were washed three times with PBS A (phosphate buffered saline (PBS), 0.2% sodium 

azide, 0.2% bovine serum albumin (BSA); Sigma, St. Louis, MO, USA) applying the 

same procedure. Carefully titrated antibodies were added to the cell pellet, resuspended 

gently in a total volume of 50 pi and incubated for 10 minutes at room temperature. Cells 

were washed three more times with PBS A followed by incubation with a 1:100 dilution in 

PBSA of fluorescein isothiocyanate (FITC) or tetramethyl rhodamine (RITC) conjugated 

goat anti-mouse isotype specific antisera (Southern Biotechnology, Birmingham, AL, 

USA) for another 10 minutes at room temperature. After three washes in PBSA, cells were 

transfered to glass slides, fixed by exposure to formaldehyde vapour for 10 minutes and 

subsequently air dried. Cells were viewed under a Zeiss axiophot photomicroscope (Carl 

Zeiss AG, Oberkochen, F.R.G.) equipped with filters suitable for FITC and RTTC.

This procedure was applied to all B-CLL and tonsil cell separation experiments. All 

preparations were >90% CD19 positive, containing less than 2% T lymphocytes and 

monocytes.

In vitro stimulation experiments: Purified B-CLL lymphocytes were stimulated 

continuously with phorbol ester TPA (2 x M; Sigma) or tumour necrosis factor (TNF) 

(500 U/ml; Dr. Knoll AG, Ludwigshafen, F.R.G.) for 1 to 7 days before and after gene 

transfer without further addition of medium or stimuli under the culture conditions 

described earlier. Pre-activated cells were assayed for reporter gene expression 24 hours 

after transfection.
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Tonsillar B lymphocytes:

Tonsils, were obtained from routine tonsillectomies, rinsed several times with 

sterile RPMI 1640 and transfered to a Petri dish containing approximately 10 ml RPMI 

1640. Lymphocytes were released by thoroughly fragmenting the tissue with forceps and 

surgical blades. Cell suspensions were diluted with an equal volume of RPMI 1640. After 

Ficoll-Hypaque centrifugation, monocytes and T lymphocytes were removed by plastic 

adherence and sheep erythrocyte rosetting as described above.

Separation of small resting and large activated B cells:

Separation of purified B lymphocytes into small, resting (high density) and large, 

preactivated (low density) cells was carried out on a five step discontinuous Percoll 

gradient as described (Nakagawa et al. 1986). Briefly, T cell depleted B lymphocytes were 

suspended in 30% Percoll (Pharmacia, Uppsala, Sweden); diluted in PBS, at a 

concentration of 5 x 10̂  cells/ml. Two ml of cell suspension were carefully pipetted on top 

of a gradient consisting of 2 ml layers of 40%, 50%, 60% and 70% Percoll in PBS and 

centrifuged at 1000 x g for 15 minutes at room temperature. Small, resting cells were 

recovered in the fraction forming between 50% and 60% gradients, large preactivated 

lymphocytes were harvested between 40% and 50% gradients. Recovered cells were 

washed twice in PBS, the cell number determined and resuspended at a final concentration 

of 2 X 106 cells/nd in RPMI/10% PCS.

Bone marrow:

Bone marrow aspirates were obtained from healthy donors ranging from 2-13 years 

in age. Bone marrow was diluted 1:4 with RPMI 1640. Mononuclear cells were harvested 

after Ficoll-Hypaque centrifugation, resuspended in RPMI 1640 supplemented with 10% 

PCS as well as antibiotics and glutamine. The cell number was determined and adjusted to 

a final concentration of 2 x lO  ̂cells per ml. The following recombinant cytokines were 

added 1 to 3 days before and after transfection: interleukin-1 (IL-1) (1(X) U/ml; Hoffmann 

LaRoche, Nutley, NJ, USA), IL-2 (1000 U/ml, Cetus, Emeryville, CA, USA), IL-6 

(50ng/ml; Sandoz Pharmaceuticals, East Hanover, NJ, USA), IL-7 (25 ng/ml, R & D
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systems, Minneapolis, M I, USA) and tumour necrosis factor (TNF) (500 U/ml, Dr, Knoll 

AG, Ludwigshafen, F.R.G.)

B cell lines:

Epstein-Barr virus (EBV) transformed B cell lines were established from peripheral 

blood lymphocytes by Dr. C. M. Rooney using supernatant of the marmoset cell line 

B95.8. EBV immortalized B lymphocytes were maintained in RPMI containing 10% FCS 

and antibiotics at a density between 5 x 10̂  and 1 x 10 /̂ml. EBV negative Burkitt's 

lymphoma cell lines (Calender et al. 1987) were cultured at concentrations between 1x10^ 

and 5 X 10̂  cells/ml in RPMI supplemented with 10% FCS.

Nucleotide incorporation assay:

Two X 10̂  cells per 200 pi RPMI/10% FCS were maintained in 96 well flat bottom 

tissue culture plates (Nunc) in the presence or absence of stimuli. Six hours before 

termination of culture, DNA and RNA synthesis were measured by the addition of 1 pCi 

per well ^H-thymidine (specific activity 2 Ci per mmol; Amersham International, 

Ayelsbury, U.K.) or 1 pCi per well ^H-uridine (specific activity 28 Ci per mmol; 

Amersham), respectively. Pulsed cells were collected with a semi-automatic harvesting 

device (Dynatech Multimash 2000, Dynatech Laboratories Ltd., Billinghurst, U.K.) 

following the manufacturer's instructions. Incorporated nucleotides were measured by 

liquid scintillation counting (LKB 1210 UltroBeta, Bromma, Sweden). All tests were 

performed in triplicate. Only mean values are shown.

Electroporation:

Prior to electroporation, cells were washed once in ice cold medium without 

stimulating reagents and resuspended to a final concentration of 4 x 10̂  cells/ml in cold 

medium. 0.25 ml cell suspension was dispensed into 0.4 cm electrode gap cuvettes (Bio- 

Rad, Richmond, CA, USA; GIBCO-BRL Life Technologies Inc., Gaithersburg, MD, 

USA), 50 pg DNA were added and the suspension placed on ice for 10 minutes. Two
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electroporation devices were used. B lymphocytes were transfected using a Bio-Rad Gene 

Puiser (Bio-Rad, Richmond, CA, USA) electroporation device equipped with a capacitance 

extender at a capacitance of 960 pFarrad and 250 Volts. For transfection of B-CLL and 

bone marrow B cell progenitors a BRL Cell Porator (GIBCO-BRL Life Technologies Inc.) 

electroporation apparatus was used. Both devices were compared and proved to be equally 

suitable for gene transfer of primary lymphocytes. Optimum conditions for electroporation 

with the BRL Cell Porator were a capacitance of 800 pFarrad and 250 Volts. Following 

electroporation, replicates were pooled and transfered to flasks (Nunc) at 2 x 10̂  cells/ml 

RPMI supplemented with 10% FCS, antibiotics and L-glutamine. After 24 hours culture at 

37^C, 5% CO2 , cells were harvested and examined for reporter gene expression.

CAT assays:

Twenty four hours after electroporation, cell number was determined, the 

suspension washed twice in PBS and 2x10^ viable cells resuspended in 10 pi 0.25 M Tris 

pH 7.5 (Sigma). CAT activity was determined according to a previously published protocol 

(Gorman et al. 1982b). Briefly, proteins were extracted by three cycles of freezing and 

thawing, debris removed by centrifugation at 10000 x g for 10 minutes and 25 pi of the 

supernatant incubated with 2 pi D-threo-(dichloroacetyl-l-^'^C)-chloramphenicol 

(1 IGBq/mmol; Amersham International), 5 pi 4 mM acetyl coenzyme A (Sigma) and 18 pi 

water for 1 hour at 37^C. Chloramphenicol was extracted with ethyl acetate and analyzed 

on silica gel-60 thin layer chromatography (TLC) plates (E. Merck, Darmstadt, F.R.G.) 

using 95%:5% (vol/vol) chloroform/methanol to separate acetylated from non-acetylated 

forms of chloramphenicol. Autoradiography of processed TLC plates varied between 24 

hours and 7 days. To quantify the signal, radioactive spots were removed from the plates 

and relative conversion from non-acetylated to acetylated chloramphenicol determined in a 

Beckman LS 5801 radioactivity analyzer (Beckman Instruments, Irvine, California, USA) 

by liquid scintillation counting using the equation: % conversion -  (acetylated

chloramphenicol counts per minute/total counts per minute) x 100
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Double colour analysis:

Cells were harvested after electroporation and dead cells removed by Ficoll- 

Hypaque centrifugation. Usually, assays for reporter gene expression were performed 24 

hours after transfection.

i) Simultaneous detection offi-galactosidase activity and cell surface antigens:

Following two washes in PBSA, cells were incubated for 10 minutes at room 

temperature with mouse anti-human CD 19 monoclonal antibody (clone BC3, AM AC, 

Westbrook, ME, USA). Excess immunoglobulin (Ig) was removed by washing twice with 

PBS. Approximately 2 x 10̂  bone marrow mononuclear cells were then attached to glass 

slides by centrifugal force of 300 x g for 5 minutes in a cytocentrifuge (Shandon, Astmoor, 

Runcorn, U. K.). Cytocentrifuge preparations were air dried overnight at room 

temperature. Subsequently, cells were fixed with acetone for 10 minutes at room 

temperature followed by rehydration in PBS for 5 minutes. Activity of the bacterial 6- 

galactosidase gene product after transfection was identified using a modified histochemical 

procedure (Sanes et al. 1986). One hundred pi reaction mixture containing 1 mg/ml 4-C1-5- 

Br-3-indolyl-B-galactosidase (X-gal; Sigma), 5 mM potassium ferricyanide, 5 mM 

potassium ferrocyanide and 2 mM magnesium chloride (all reagents from Sigma) was 

added to the cells. X-gal stock solution was prepared by dissolving at 40 mg/ml in 

dimethylsulphoxide and diluted to final concentration in reaction mixture. Incubation was 

for at least 4 hours at 37^C in a moist chamber until intense dark-blue cytoplasmic staining 

developed. After washing for 10 minutes at room temperature in TBS (Tris buffered saline; 

0.05 mM Tris-HCL pH 7.6, 0.15 M NaCl), bound anti-CD 19 antibody was detected by 

applying the alkaline phosphatase anti-alkaline phosphatase (APAAP) procedure (Dako 

APAAP Kit, Dako Corporation, Carpinteria, CA, USA). Two cycles of APAAP were 

performed to enhance red surface staining following exactly the manufacturer's 

recommendations. Positivity was evaluated by standard light microscq)y.
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ii) Double colour immunofluorescence staining ofpCMV-LTR-BZLFl transfected cells:

a) Lymphocytes: One x 10̂  cells were surface stained with CD 19 antibody of IgM  

subclass (clone ABl, obtained from the 4th Conference of Leukocyte Differentiation 

Antigens) followed by incubation with RITC labeled goat anti-mouse isotype specific 

antiserum (Southern Biotechnology, Birmingham, AL, USA) as described above. After 

two washes in PBSA, cytocentrifuge preparations of 5 x 10̂  lymphocytes per slide were 

made and air dried overnight at room temperature. Cells were fixed for 30 minutes at 4®C 

in methanol. Debris resulting from the fixation procedure was removed by soaking slides in 

PBS for 5 minutes at room temperature. Preparations were incubated with optimally titrated 

mouse IgGi monoclonal anti-EBV BZLFl antibody (clone BZl; courtesy of Dr. Martin 

Rowe) for 30 minutes at room temperature (Young et al. 1991). Unbound antibody was 

removed by washing for 10 minutes at room temperature in PBS followed by incubation 

with FITC labeled IgG specific goat anti-mouse antiserum (Jackson Immunoresearch 

Laboratories, West Grove, PA, USA) for 30 minutes at room temperature and two final 

washes in PBS. Preparations were examined by fluorescence microscopy as described 

above.

b) Bone marrow mononuclear cells: Prior to cytocentrifuge preparation, 2 x lÔ  

pCMV-LTR-BZLFl transfected cells were washed twice in PBS. Air dried slides were 

fixed for 30 minutes at 4®C with methanol followed by one wash in PBS for 5 minutes at 

room temperature. Cell preparations were incubated simultaneously with rabbit anti-human 

terminal deoxynucleotidyl transferase (TdT) antiserum (Supertechs, Bethesda, MD, USA) 

and BZl antibody for 30 minutes at room temperature. Excess first-layer antibody was 

removed by washing in PBS for 10 minutes at room temperature. RITC labeled goat anti

rabbit (Southern Biotechnology) and FITC tagged goat anti-mouse antisera (Jackson 

Immunoresearch Laboratories) were added and incubated for another 30 minutes at room 

temperature followed by removal of unbound immunoglobulin for 5 minutes at room 

temperature in PBS. Positivity was determined by fluorescence microscopy.
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Expression vectors:

The recombinant plasmid pCMV-LTR-CAT (gift of Dr. I. S. Y. Chen, UCLA 

School of Medicine, Los Angeles, CA, USA) (Figure 2.1) contains two copies of a 

cytomegalovirus immediate early enhancer element (Boshart et al., 1985) and the U3/R 

promoter region of the human T cell leukaemia virus I  (HTLV I) linked to the bacterial 

chloramphenicol acetyltransferase (CAT) gene (Cann et al. 1988). Control plasmid pUC- 

CAT (gift of Dr. C. M. Rooney, Ludwig Institute for Cancer Research, London, U. K .) 

was derived by inserting a Hind m  - Aat II CAT fiagment derived from pSV2-CAT 

(Gorman et al. 1982b) into the corresponding sites of pUC 18 . Plasmid pCMV-LTR- 

BZLFl contains the Epstein-Barr virus open reading frame BZLFl (Biggin et al. 1987). 

Construction and a more detailed description of this expression vector are specified in the 

following chapter. In pCMV-^ and pSV-P (gift of Dr. Grant MacGregor, Baylor College 

of Medicine, Houston,TX, USA) cytomegalovirus immediate early sequences (pCMV-p) 

and the early promoter of SV40 (pSV-P) control expression of the bacterial P-galactosidase 

(p-gal) gene (MacGregor and Caskey 1989).

To identify the most efficient promoter/enhancer combination for gene expression in 

B-CLL, CAT levels resulting from activity of pCMV-LTR-CAT gene regulatory sequences 

were compared to gene expression after transfection of the following CAT constructs: 

pCMV-IE-CAT (gift of Dr. Gordon Allan, Ludwig Institute for Cancer Research, London, 

U. K.) contains the cytomegalovirus immediate early gene promoter (Boshart et al. 1985) 

linked to CAT, and pSV2-CAT SV40 early gene regulatory sequences (Gorman et al. 

1982b). pRSV-CAT (Gorman et al. 1982a) is derived from Rous sarcoma virus (courtesy 

of Dr. Fritz Probst, Ludwig Institute for Cancer Research, London, U. K.), in pMo-LTR- 

CAT (gift of Dr. Karen Vousden, Ludwig Institute for Cancer Research, London, U. K.) 

the long terminal repeat (LTR) of Moloney leukaemia virus drives expression of the CAT 

gene. pBamC-CAT and pBamW-CAT contain promoter and enhancer sequences of EBV 

latent cycle genes (Rooney et aL 1992) (courtesy of Dr. C. M. Rooney).
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Results:

Techniques of transfection:

In order to identify the most suitable gene transfer technique for primary B 

lymphocytes, tonsillar B cells were transfected with the eukaryotic expression vector 

pCMV-LTR-CAT containing cytomegalovirus enhancer and HTLV 1 promoter sequences 

linked to the bacterial gene for chloramphenicol acetyltransferase (CAT) (Cann et al. 1988) 

(Figure 2.1), which is not found in eukaryotic cells. Expression of transfected CAT gene 

was determined quantitatively as described in Materials and Methods. My initial attempts to 

transfect B cells made use of techniques applied successfully to other cell types and 

included calcium phosphate precipitation (Graham and Van der Eb 1973), 

diethylaminoethyl (DEAE)-dextran (Sompayrac and Danna 1981), polybrene-DMSO- 

glycerol (Chaney et al. 1986, Kawai and Nishizawa 1984), lipofection (Feigner et al.

1987), and liposome fusion (Itani et al. 1987). However, for transfection of normal B 

lymphocytes only electroporation worked in my hands. Specific conditions were 

standardized on EBV positive B cell lines derived from peripheral blood, or EBV negative 

lines originating from Burkitt's lymphoma before investigating primary tonsillar B cells. 

Gene expression was then detected in freshly prepared B lymphocytes using 

electroporation. The highest available capacitance and a voltage of 250 V resulted in the 

best expression of CAT (Figure 2.2). Transfection took place in RPMI 1640 + 10% FCS 

and the use of different buffer systems like PBS or HEPES did not improve results (data 

not shown). 20 pg DNA was the minimum required to detect CAT activity in transfected 

tonsil B cells (see below). Starting tonsil cell viability >90% (determined by trypan blue 

exclusion) appeared to be crucial for successful transfection and a cell concentration of 10̂  

in 0.25 ml per cuvette gave the highest percentage of cell viability in the range of 20 - 30% 

at the end of the transfection procedure. After transfection, less than 1 % residual T cells 

and monocytes could be detected.
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Addendum on failed transfection techniques (Chapter 2, p.58):

In this addendum information is given about transfection techniques which have been 

used unsuccessfully in the course of this thesis for gene transfer into primary B lymphocytes.

Materials and Methods:
Calcium phosphate precipitation:

Attempts were made to transfect B cells derived from two B-CLL cases and one 

tonsil (see Materials and Methods section chapter 2) using Ca-phosphate mediated DNA 

transfection (Graham and Van der Eb 1973). Cells were separated as described in the 

materials and methods section of chapter 2. Purified B lymphocytes were transfected with 

pCMV-LTR-CAT and the promoterless control plasmid pUC-CAT immediately after 

separation in the case of tonsillar B lymphocytes, or with fresh cells and following 

stimulation with TPA (2 x 10"^) for 3 days as described in the Materials and Methods 

section of chapter 2 when B-CLL cells were transfected. For each condition, 1 x 10̂  cells 

were washed with DMEM medium (GIBCO-BRL) and the pellet resuspended in 4 ml 

DMEM containing 10% FCS/Penicillin and L-glutamine. One ml of DNA-calcium phosphate 

precipitate was added to the suspension. Cells were incubated for 15 min at 20^C in a test 

tube to increase the chance of cell contact with the DNA/calcium phosphate precipitate (Chu 

and Sharp 1981) before they were transferred to 6 well tissue culture plates (Costar) and 

incubated for another 16 hours at 37^C/5% CQz. The calcium phosphate-DNA suspension 

was prepared by adding 50 pi 2.5 M  CaCl2 to 450 pi plasmid DNA solution (25 and 50 pg 

DNA diluted in sterile water), followed by dropwise addition of 500 pi 2 x HBS buffer (2 x 

HBS: 50 mM HEPES pH 7.12, 1.5 mM Na2HP0 4  x 2H2O, 280 mM NaCl; all reagents from 

Sigma) while gently mixing the suspension. After incubation for 30 min. at 2CPC, the now 

formed precipitate was added to the cells (see above). Non-absorbed DNA calcium phosphate 

precipitates were removed from the cells following overnight incubation by washing 2 x with 

PBS. The pellet was resuspended in 10 ml RPMI supplemented with 10% FCS, antibiotics 

and L-glutamine and cells incubated for zinother 24 hours before CAT assays were carried out 

(see Materials and Methods section of chapter 2).
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Diethylaminoethyl (DEAE)-dextran transfection:

Lymphocytes obtained from one B-CLL case and one tonsil were transfected 

applying the DEAE-dextran procedure (Sompayrac and Danna 1981). A protocol modified 

for the transfection of EBV transformed B lymphocytes and Burkitt's lymphoma derived cell 

lines was used (Dr. C. M. Rooney, personal communication). Experiments were carried out 

in collaboration with Dr. Rooney. Culture conditions and stimulations of B-CLL cells were 

as described for calcium phosphate transfection. For every transfection carried out, 1 x 10̂  

cells were washed 1 x with RPMI medium without FCS zmd the pellet resuspended in 400 pi 

RPMI. An equal volume of DNA/DEAE-dextran solution containing 2.5 pg, 5 pg, 10 pg and 

20 pg of pCMV-LTR-CAT and pUC-CAT DNA (see Materials and Methods section chapter 

2), respectively, was combined with the cell suspension and incubated at 37®C/5% CO2 for 

30 min with occasional mixing. DEAE-dextran solution (Pharmacia) was diluted with RPMI 

to 500 pg/ml final concentration. Incubation was followed by the addition of 2 ml RPMI 

containing 10% FCS and two washes in FCS containing RPMI. The pellet was resuspended 

in 10 ml RPMI supplemented with 10% FCS, antibiotics and L-glutamine and cell were 

incubated for 48 hours at 37^C/5% CO2 before reporter gene activity was analyzed. Low 

concentrations of DNA were also included in the transfection procedure, since large amounts 

of DNA appear to inhibit DEAE-dextran mediated gene transfer (Sambrook et al. 1989).

Polybrene-DMSO mediated DNA transfection:

Polybrene is a polycation which has been used to expedite uptake of DNA into a 

variety of cell lines, including haemopoietic cells which are resistant to transfection with 

calcium phosphate (Chaney et al. 1986, Chisholm and Symonds 1988, Kawai and Nishizawa 

1984). A procedure developed by Chisholm and Symonds who used this methods for the 

successful transfection of human myeloid cell lines was applied (Chisholm and Symonds

1988). This protocol was used in an attempt to transfect tonsil B lymphocytes and cells from 

one B-CLL case, using culture conditions and activation of B-CLL cells as described above. 

The human promyelocytic cell line HL-60 cells (obtained from the American Tissue Culture 

Collection, ATCC) which has been transfected successfully applying this protocol (Chisholm
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and Symonds 1988), was used as positive control. Growth medium of 1 x 10̂  cells was 

replaced with 10 ml RPMI medium containing 10% FCS, 50 pg pCMV-LTR-CAT or 

control plasmid DNA and 30 pg Polybrene (Aldrich Corp., Milwaukee, W I, USA) in the 

order described. Following incubation for 6 hours at 37^C/5% CO2, ceUs were recovered by 

centrifugation and resuspended in a 15 ml polypropylene test tube in 3 ml 30% dimethyl 

sulphoxide (DMSO) solution in RPMI for one minute. DM SO was diluted with 12 ml RPMI 

containing 10% FCS and cells washed twice in RPMI/10%FCS. Cells were cultured for 48 

hours at 1 X 10̂  cells/ml in RPMI supplemented with 10% FCS, antibiotics and L-glutamine 

prior to CAT assays.

Liposome fusion; liposome mediated DNA transfection:

The technique of liposome fusion has been successfully used to transfect mammahan 

cells grown in suspension (Itani et al. 1987). Therefore the method described by Itani et al. 

was used to attempt gene transfer into Burkitt's lymphoma derived B cell lines (Rooney et al. 

1986) and tonsillar B lymphocytes. In two sets of experiments, transfections were carried out 

using 5 X 10̂  cells and 50 pg DNA. For transfection of tonsil B cells pCMV-LTR-CAT and 

pUC-CAT were used, Burkitt's lymphoma cell lines were transfected with pSV2-CAT 

containing SV40 gene regulatory sequences (see Materials and Methods section of chapter

2). Transfection of this plasmid into Burkitt's lymphoma derived ceU lines applying the 

DEAE-dextran method results in detectable reporter gene expression.

Plasmid DNA carrying liposomes were prepared as follows: 1 pmol L-a- 

Phosphatidyl-L-Serine stock solution (10 mg/ml in chloroform/methanol 95:5; Sigma P6641) 

was dried under vacuum for one hour. The lipid layer was emulsified with 2 ml TBS (137 

mM NaCl, 20 mM Tris pH 7.6; Sigma) by vigorous shaking for 5 min and sonicating the 

samples 10-times for 10 sec each with cooling in an ethanol dry-ice bath. Aliquots of 200 pi 

were dispensed into microfuge tubes and an equal volume of 20 mM CaCl2 in TBS added. 

Samples were mixed gently and incubated for 1 hour at 37®C followed by centrifugation for 

5 min at 1500 x g. Supernatants were discarded and 50 pg DNA (1 pg/ml in TE) added to the 

pellet of each aliquot. After vigorous mixing for 30 seconds, samples were incubated at 37®C
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for 30 min, combined with an equal volume of 30 mM EDTA in TBS and incubated for 

another 30 min at 37®C. Liposomes were recovered by centrifugation for 3 min at 10000 x g 

and supernatant aspirated. The liposome/DNA pellet was washed with 400 jul PBS containing 

2 mM MgCl2 and resuspended in 20 pi of PBS/2mM MgC^.

Prior to transfection, 1 x 10̂  cells were washed once with PBS followed by one wash 

with PBS/2 mM MgCl2 and resuspended in 1 ml PBS/2 mM MgCl2- The cell suspension was 

then added to the liposomes containing plasmid DNA (see above) followed by incubation at 

37^C for 1 hour. Cells were recovered by centrifugation for 10 min at 600 x g and 

resuspended in 10 ml RPMI/10%FCS containing antibiotics and L-glutamine. After 48 hours 

incubation at 37^C/C02, expression of reporter gene was determined.

Lipofection; cationic liposome-mediated DNA transfection:

An alternative DNA delivery reagent for high efficiency gene transfer into a variety 

of cells, consisting of a cationic lipid termed DOTMA (N(l-(2,3-dioleyloxy)propyl)-N,N,N- 

triethylammonium), has recently described (Feigner et al. 1987, Feigner and Ringold 1989). 

DOTMA forms unilamellar liposomes in aqueous solutions and entraps DNA added to the 

complex.

The DOTMA reagent is commercially available under the trade name Lipofectin and 

gene trcinsfer experiments were carried out according to the manufacturer’s recommendations 

(GIBCO-BRL, Life Technologies). Purified B cells from two tonsils were treated with 

Lipofectin reagent. In collaboration with Dr. C. M. Rooney, Burkitt's lymphoma derived B 

cell lines were transfected in parallel. To obtain sufficient cells for subsequent CAT assays, 1 

X 10̂  cells each were washed once with OPTI-MEM medium without FCS (GIBCO-BRL, 

Cat. No. 320-1985BD) and resuspended in 2 ml OPTI-MEM medium. In a polystyrene tube, 

25 and 50 pg plasmid DNA (pCMV-LTR-CAT and pUC-CAT) were diluted into a final 

volume of 1.5 ml OPTI-MEM. In separate polystyrene tubes, 50 pi Lipofectin solution (1 

mg/ml, GIBCO-BRL, CAT. No. 8292SA) were diluted to a final volume of 1.5 ml OPTI- 

MEM. As recommended by the manufacturer, 50% of the toxic concentration of Lipofectin 

reagent was used (lOpg/ml final concentration). The contents of the two tubes was combined.
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incubated at room temperature for 10 min and added to the cell suspension. Cells were 

transfered to 6-well tissue culture plates (Costar) followed by incubation for 6 hours at 

37®C/5% CO2. Longer incubation times were found to decrease cell viability. Likewise, 

incubation of cells overnight in OPTI-MEM without FCS resulted in a loss of viability. For 

this reason, cells were washed once with RPMI medium following incubation with the 

Lipofectin/DNA complex and then cultured at 1 x 10̂  cells/ml for 48 hours in RPMI 

containing 10% FCS and antibiotics at 37^C/5% CO2, followed by analysis of CAT activity 

in cell extracts.

Results and Discussion:

In addition to electroporation, five other transfection techniques, calcium phosphate 

co-precipitation (Graham and Van der Eb 1973), DEAE-dextran (Sompayrac and Danna 

1981), Polybrene/DMSO (Chaney et al. 1986, Kawai and Nishizawa 1984), liposome fusion 

(Itani et al. 1987) and lipofection (Feigner et al. 1987) were applied in an attempt to identify 

a suitable procedure(s) for conducting gene transfer experiments with primary B 

lymphocytes. As mentioned in chapter 2, only electroporation worked in my hands as a 

method for gene transfer into primary B lymphocytes with reasonable efficiency.

Although the calcium phosphate technique is likely the most widely used gene 

transfer technique, this method is mainly applied for the transfection of adherent cells. The 

protocol used in the course of this thesis has been successfully used for the transfection of 

fibroblasts (personal communication, Jane O'Hare, Ludwig Institute for Cancer Research, 

London, U.K.). Modifications of the protocol suggested in the literature for the improvement 

of transfecting cells in suspension (Chu and Sharp 1981), such as incubating the cells in a test 

tube prior to culture to facilitate cell-calcium phosphate/DNA contact, did not lead to 

successful gene transfer into primary B cells in this set of experiments.

Similarly, DEAE-dextran transfection, which is a useful method for transfering genes 

into B cell lines (Dr. C. M. Rooney, personal communication), did not yield detectable levels 

of reporter gene at the conditions used. This may be due to toxic effects of the ionic polymer
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DEAE-dextran, although cell viability after DEAE-dextran treatment was not significantly 

decreased.

Polybrene/DMSO has been successfully used for the transfer of genes into human 

myeloid cell lines, such as HL-60. This line was included in the transfection experiments and 

reporter gene expression was indeed detected, although at low levels, following gene transfer. 

However, no CAT activity was found in primary B cells after transfection under the 

conditions used.

Fusion of liposome/DNA complexes with the cell membrane with subsequent release 

of the genetic material into the cell is the principle of two additional techniques, liposome 

fusion (Itani et al. 1987) and lipofection (Feigner et al. 1987) used in the course of this thesis. 

However, no reporter gene activity was found in cell extracts from primary B cells and B cell 

lines after transfection.

Failure of liposome mediated gene transfer in primary B cells and cell lines may be 

due to inadequate conditions used, although in the case of lipofection conditions 

recommended by the manufacturer were applied. Alternatively, these methods may not be 

suitable for transfection of the cell material utilized. It has been reported that lipofection may 

be a less effective method for the transfection of cells in suspension as compared to adherent 

cells (Feigner and Ringold 1989).

In conclusion, in my hands the gene transfer techniques described above proved to be 

unsuccessful in transfering genetic material into primary cells of the B cell lineage under the 

conditions applied. For this reason, electroporation was used in all following gene transfer 

experiments described in this thesis.
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Characterization o f transfected tonsillar B cells:

Normal tonsillar B lymphocytes consist of a mixture of small resting and larger 

activated B lymphocytes (Aman et al. 1984). To discover whether successful transfection 

was limited to one or other cell population I separated purified tonsillar B cells on Percoll 

gradients into high density 'resting' cells and low density 'activated' B cells (Figure 2.3). 

Transfection of the two populations showed that both expressed CAT using pCMV-LTR- 

CAT, whereas cells transfected with pUC-CAT, a plasmid containing no eukaryotic 

promoter and enhancer sequences (see Materials and Methods), produced no detectable 

CAT activity (Figure 2.4).

Gene transfer into hone marrow B cell progenitors:

The highest frequency of B cell precursors in postnatal tissues is found in bone 

marrow. These cells are characterized by the expression of nuclear terminal 

deoxynucleotidyl transferase (TdT) (Greaves 1986, Janossy et al. 1979) an enzyme 

involved in the addition of nucleotides during the rearrangement of immunoglobulin gene 

segments. The frequency of B cells in normal human bone marrow varies considerably 

among different individuals, but in general decreases with age (Asma et al. 1987). In 

adults, therefore, B cell progenitors are relatively rare, but in children up to 15% TdT^ B 

cell progenitors can be detected in bone marrow (Asma et al. 1987). Because the total 

number of B cell progenitors is relatively low, quantities sufficient for gene transfer cannot 

be obtained by cell separation techniques. Therefore, unsorted bone marrow mononuclear 

cells of children were electroporated and transfected B lymphocytes or B cell progenitors 

were identified by double colour staining using B cell markers (CD 19) and TdT, 

respectively, as well as reporter gene. The expression vectors pSV-6, pCMV-6 and pCMV- 

LTR-BZLFl (Figure 2.1) containing three different gene regulatory sequences and two 

reporter genes, fi-galactosidase and the Epstein-Barr virus open reading frame BZLFl, 

were used.
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Transfection of CD 19 positive bone marrow B lymphocytes:

24 hours after transfection, approximately 1-5% of transfected mononuclear cells 

expressed recombinant DNA sequences. Only cells electroporated with CMV or 

CM V/HTLVI based expression vectors were found to be positive. Successfully transfected 

CD 19 positive B lymphocytes were identified by double colour cytochemistry for CD 19 

and the bacterial reporter gene 6-galactosidase (Figure 2.5 a). Optimal settings for 

electroporation were 250 Volts and a capacitance of 8(X) pFairad using a BRL Cell Porator 

electroporation apparatus. This resulted in best viability and maximum reporter gene 

expression. One to 10% of the total CD 19 positive cells expressed detectable levels of 6- 

galactosidase.

Electroporation ofB cell progenitors:

In order to investigate whether TdT positive B cell progenitors could be transfected, 

bone marrow cells were electroporated with pCMV-LTR-BZLFI, allowing simultaneous 

detection of nuclear TdT and reporter gene. 6-galactosidase based vectors are not suitable 

for this purpose since double staining methods for 6-galactosidase in conjunction with 

nuclear antigens are not possible. 24 hours after gene transfer, I carried out double colour 

immunoflourescence stainings with antisera detecting TdT and the gene product of the 

Epstein-Barr virus open reading frame BZLFl (Figure 2.5 b). About 1-5% of TdT^ cells 

also expressed BZLFl, demonstrating successful gene transfer of B cell progenitors. 

Reporter gene expression was strongest 24 hours after transfection and declined gradually, 

but BZLFl positive cells were found 7 - 10  days following electroporation, when cultures 

were terminated. Non-transfected cells or cells transfected with control plasmid pUC-CAT 

or recombinant DNAs containing promoter sequences but no gene insert (pCMV-LTR- 

poly; see chapter 3), did not express detectable levels of reporter genes (not shown). 

Addition of the lymphokines IL-1, IL-2, IL-6, IL-7 and TNF before and after transfection 

neither influenced the number of positive cells nor had any favourable effects on survival. 

Viability after transfection was in the range of 30 to 50%.
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Transfection of B-CLL cells:

Next, I attempted to express the CAT reporter gene in the neoplastic B lymphocytes 

of B-CLL using electroporation. However, I was consistently unable to obtain gene 

expression following transfection of resting B-CLL cells. It has been reported that only 

cells in stages other than Go of the cell cycle can be transfected. This phenomenon appears 

to be true for several gene transfer techniques including electroporation (Miller et al. 1990, 

Springett et al. 1989, Takahashi et al. 1991). Consequently, B-CLL lymphocytes were 

stimulated with the phorbol ester TPA, and tumour necrosis factor. Both stimuli appear to 

induce B-CLL lymphocytes to enter S-phase as demonstrated by incorporation of 

nucleotides (Cordingley et al. 1988, Digel et al. 1989, Drexler et al. 1987, Tôtterman et al. 

1980) and, particularly in the case of TPA, rapid activation of cell cycle specific genes like 

the proto-oncogenes c-myc, c-jun and c-fos (Drexler et al. 1989, Gignac et al. 1990a, 

Gignac et al. 1990b, Larsson et al. 1987, Murphy et al. 1990). Following TPA 

stimulation, CAT gene product was found in all 9 cases transfected with varying CAT 

levels among different individuals (Figure 2.6). TNF stimulation promoted CAT gene 

expression in two out of nine patients tested.

CAT expression could be detected as early as 24 hours after TPA stimulation. 

Maximum reporter gene expression levels were detected on day 3 and remained constant or 

increased only slightly over the next 4 days (Figure 2.7 a). In contrast, B-CLL cells 

activated with TNF displayed delayed kinetics of CAT expression. Reporter gene activity 

was detected 72 hours after stimulation and continued to increase until day 7, when cultures 

were terminated (Figure 2.7 b). Cells cultured in medium alone could only be transfected 

after 5 - 7  days of culture. Levels of reporter gene activity were readily detectable, but 

consistently lower than in pre-activated samples (Figure 2.7 c). No CAT activity was found 

when B-CLL cells were first transfected and then stimulated with TPA or TNF for 1 to 7 

days (Figure 2.8).

To investigate whether reporter gene expression levels correlate with cell cycle 

progression, nucleotide incorporation assays and transfections were carried out
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simultaneously. Peak DNA and RNA synthesis were found 3 days after the addition of 

TPA correlating with increased CAT expression after gene transfer (Figure 2.9).

Again, as for normal B lymphocytes, CAT activity was dependent on the 

concentration of DNA used and was linear in the range of 25 - 200 pg DNA/ml. Increasing 

the volume of the cell suspension from 250 pi to 500 pi dramatically reduced the levels of 

CAT activity (Figure 2.10). The viability of cells after transfection was between 20 - 30%, 

similar to the range seen in normal B lymphocytes.

To determine the type and total number of cells expressing reporter gene products, 

B-CLL lymphocytes were electroporated with the recombinant plasmid pCMV-LTR- 

BZLFl (Figure 2.1). BZLFl expressing B cells were detected by double colour 

immunofluorescence staining using monoclonal antibodies recognizing BZLFl and CD 19. 

In Figure 2.11 BZLF1/CD19 double-positive B lymphocytes are illustrated. In six 

experiments the frequency of successful transfection was 5-10%. BZLFl gene expression 

was detected mainly in B lymphocytes, comprising more than 90% of the reporter gene 

positive cells, but also in a minor portion of CD 19 negative cells, presumably residual T 

lymphocytes. However, no evidence for preferential transfection of CD 19 negative cells 

was found.

Finally, the most efficient promoter/enhancer element for transfection of B-CLL 

lymphocytes was determined using the optimized conditions described above. 1 compared 

the ability of frequently used gene regulatory elements derived from Simian virus 40 

(SV40) (pSV2CAT), cytomegalovirus (pCMV-lE-CAT), Rous sarcoma virus (pRSV- 

CAT), Moloney leukemia virus (pMo-LTR-CAT) and %stein-Barr virus (pBamC-CAT 

and pBamW-CAT) to induce CAT gene product activity to CMV-LTR promoter/enhancer 

sequences. Plasmids are described in detail in Material and Methods. B-CLL cells of 5 

patients were stimulated with TPA for 3 days and transfected using identical conditions. 

Only gene regulatory sequences derived from a combination of cytomegalovirus/HTLV 1 or 

cytomegalovirus induced detectable CAT activity (Figure 2.12). Surprisingly, SV40, RSV 

and Mo-LTR promoters, which are known to be strong transcriptional elements in various
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cell lines, were not able to generate sufficient levels of CAT for detection. The hybrid 

CMV-LTR element consistently induced CAT 2- 4 times stronger than cytomegalovirus 

derived sequences alone.
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pCMV-LTR-CAT (6.4 kb):

C
i  CMV I pUC

^ H T L V  V 

pCMV-LTR-BZLFI (4.9 kb):

LCMV BZLFli pUC

'H T L V V 

pCMV-B (7.1 kb):

r
ctosidase pUC

SD/SA SV40

pSV-B (6.9 kb):

Csv §i5-«aiactosidase pUC

SV40

Figure 2.1: Eukaryotic expression vectors used for transfection studies in 
chapter 2.

Plasmid pCMV-LTR-CAT contains two copies of the enhancer element from the human CMV 

immediate early promoter area. DNA sequences were inserted into the U3/R region of the HTLV I 

long terminal repeat. This promoter/enhancer element controls transcription of the bacterial 

chloramphenicol acetyltransferase (CAT) gene. SV40 sequences provide mRNA poly- 

adenylation signals.

pCMV-LTR-BZLFI is a derivative of pCMV-LTR-CAT (Buschle et al. 1990). Following removal of 

CAT and SV40 sequences, the EBV open reading frame BZLFl was subcloned into the parental 

plasmid adjacent to CMV-LTR sequences (see Chapter 3).

In the recombinant expression vectors pCMV-p and pSV-|3, transcription of the bacterial p- 

galactosidase gene is driven by CMV immediate early and SV40 late promoter/enhancer 

sequences, respectively.

Arrow: promoter area; SD/SA: splice donor/splice acceptor sequence; SV40: SV40 poly A signal.
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Figure 2 .2: Voltage dependence of transfection efficiency.

10^ lymphocytes were electroporated with 20 ĝ pCMV-LTR-CAT DNA at a capacitance of 960pF. 

After 24 hours in culture, 5 x 10® trypan blue excluding cells were used for each CAT assay.

Upper spots: acetylated chloramphenicol indicating CAT activity.

Lower spot: non-acetylated chloramphenicol (unaltered substrate for CAT), 

c: Cells electroporated with pUC-CAT, serving as negative control.
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Figure 2 .3: Photomicrographs of Percoll separated tonsil B lymphocytes.

A: high density, resting cells. B: low density, activated cells. 

Standard Wright-Giemsa staining.
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Figure 2 .4: CAT expression of transfected Percoli separated B lymphocytes.

Transfection and CAT assays were performed as described in Materials and Metfiods. 

1 : low density "activated" cells transfected with pCMV-LTR-CAT.

2: low density "activated" cells transfected with the promoterless plasmid pUC-CAT.

3.: high density "resting" cells transfected with pCMV-LTR-CAT.

4.: high density "resting" cells transfected with pUC-CAT.
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Figure 2 .5  a: Bone marrow m ononuclear cells transfected with pCM V-p.

Following transfection, cells were incubated with CD19 monoclonal antibody. CD 19+ cells were 

visualized by APAAP staining (red surface staining), p-galactosidase expressing cells (blue 

cytoplasmic staining) were detected using a histochemical method (see Materials and Methods).
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A: Bone marrow mononuclear cells 
stained with anti-TdT antiserum. B 
cell progenitors display red nuclear 
immunofluorescence.

B; BZLF1 expressing B cell 
progenitor (intensive green 
nuclear staining).

C: Phase contrast.

Figure 2 .5  b: Double colour im m unofluorescence staining of TdT  positive 
bone marrow B cell progenitors after BZLF1 transfection.

Photomicrographs of the same microscopic field are shown.
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Figure 2.6: C A T expression of transfected B-CLL cells.

Purified B-CLL cells were transfected with pCM V-LTR-CAT following pre-activation with 2 x 1 0  '®M 

TPA for 3 days (light columns) and in the absence of stimuli (black columns). CAT activity is 

expressed as the ratio of acetylated to non-acetylated forms of (̂  ̂ C)-chloramphenicol (see Figure 

2 .2).
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Figure 2.7  a: Kinetics of CAT expression of transfected B-CLL cells after pre
incubation with TPA.

Highly purified B-CLL lymphocytes were stimulated with 2 x 10 M TPA for 24 (1), 72 (3) 120 (5) 
and 168 (7) hours, followed by transfection with pCMV-LTR-CAT. CAT assays were performed 24 
hours after electroporation as described. A representative case is shown. CAT activity is illustrated 
by the appearance of acetylated forms of chloramphenicol (upper spots)
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TNF

Figure 2 .7  b: Delayed induction of maximum reporter gene expression by 
TNF.

B-CLL cells were activated with 500 U/ml TNF for 1, 3, 5 and 7 days. 10 x 10® cells were 
transfected with pCMV-LTR-CAT and 24 hours later assayed for reporter gene activity. The same 
case as in Figure 2.7 a is displayed, representing one out of two cases transfectable following TNF 
stimulation.
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Figure 2 .7  c: CAT expression of uninduced B-CLL cells after transfection.

B-CLL lymphocytes were cultured in RPMI 1640 supplemented with PCS without further addition 
of stimuli for 1 , 3 , 5  and 7 days (represented by numbers 1 -7) .  Following transfection with pCMV- 
LTR-CAT, cell extracts were assayed for CAT activity after a culture period of 24 hours. The same 
case as in Figures 2.7 a and 2.7 b is shown.
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Figure 2.8: Activation of B-CLL cells after transfection does not allow reporter 
gene expression.

Freshly separated B-CLL cells were transfected and cultured at a final concentration of 2 x 10® 

cells/ml medium in the presence or absence of TPA or TNF fori  - 7 days. 5x10® viable cells were 

harvested at day 1 through 7 following transfection and tested for CAT activity. Only CAT assays 

of day 3 (3) and day 7 (7) are shown.
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Figure 2.9: CAT expression and nucleotide incorporation of TPA activated B- 
CLL cells.

B-CLL cells were pre-stimulated with TPA for times indicated and transfected with pCMV-LTR- 
CAT. Nucleotide incorporation rate was determined on the day of electroporation.
A: thymidine incorporation indicating DNA synthesis.
B: uridine incorporation indicating RNA synthesis..
Overlay charts of representative experiments are shown. Mean values of triplicates are displayed.
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Figure 2 .10: Influence of DN A  concentration and cuvette volume on CAT  
expression.

1q7 B-CLL cells in 0.25 ml (O) or 0.5 ml ( A )  volume were transfected after pre-activation with 2 

X 10'® M TPA for 3 days with various amounts of pCMV-LTR-CAT DNA and CAT expression 

quantified as described in the Materials and Methods section.
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Figure 2 .11: Double colour im m unofluorescence staining of B-CLL cells 
transfected with p C M V -L T R -B Z L F I.

Purified B-CLL cells were transfected following pre-activation with TPA as described in Materials 

and Methods. 24 hours after gene transfer, cells were stained with GDI 9 (A: red surface staining) 

and anti-BZLFI (B: green nuclear fluorescence) antibodies. Identical microscopic fields are 

shown.
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Figure 2 .12: Prom oter usage of B-CLL cells.

Various eukaryotic expression vectors containing identical reporter gene sequences (CAT), but 

different gene regulatory elements were transfected into TPA activated B-CLL cells to determine 

the most useful promoter/enhancer combination. Only transfection with cytomegalovirus based 

plasmids pCMV-LTR-CAT and pCMV-IE-CAT allowed detection of CAT activity. Recombinant 

DMAs are specified in the Material and Methods section.
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Discussion:

In this chapter I described a method for gene transfer and expression in primary 

lymphocytes, B cell progenitors and the B cells of a lymphoproliferative disorder, chronic 

lymphocytic leukaemia.

Gene transfer by electroporation of tonsillar B lymphocytes occurs at the highest 

capacitance levels and can be obtained in a variety of media, while gene expression is 

achieved using a CMV enhancer/HTLV I promoter construct linked to a CAT reporter gene. 

Successful transfection and gene expression can be obtained in separated small ’resting’ 

and large ’activated’ tonsil B cell subpopulations at comparable levels. It is unlikely that 

CAT enzyme activity was due to transfection of residual T cells and monocytes, since at the 

time of the CAT assay they formed <3% of the cells present

Unseparated bone marrow mononuclear cells were used as a source for immature B 

lymphocytes and B cell progenitors. Transfected bone marrow B lymphocytes and B cell 

progenitors were identified by double colour staining methods to demonstrate successful 

gene transfer and to identify the cell type expressing reporter genes. Three different 

expression vectors were tested to exclude artefacts like preferential usage of certain reporter 

genes and to identify powerful promoter/enhancer sequences. Only the two 

cytomegalovirus sequences containing expression vectors pCMV-fi and pCMV-LTR- 

BZLFl were able to induce synthesis of detectable levels of reporter gene, presumably 

because of increased transcriptional activity resulting from the extremely powerful CMV 

immediate early enhancer element present in both expression vectors (Boshart et al. 1985).

Immature B lymphocytes and B cell progenitors proved to be relatively resistant to 

high voltages applied during the electroporation procedure, and the percentage of surviving 

cells was comparable to values found when cell lines are electroporated (Chu et al. 1987). 

Transfection efficiency of bone marrow derived B lymphocytes and B cell progenitors was 

comparable to levels achievable in cell lines (Chu et al. 1987) and was elevated compared to 

other bone marrow mononuclear cells (Rill et al. 1992). One possible explanation could be
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the high proliferative activity of B cell progenitors and immature B cells (Campana and 

Janossy 1988), which has been reported to be the most important requirement for 

successful transfection (Miller et al. 1990, Springett et al. 1989). Proliferation at maximum 

rate without the necessity for externally added stimuli could also account for the limited 

influence on transfection efficiency or survival of the cytokines used. However, it remains 

to be elucidated if different cytokines, other concentrations of the factors used, or a 

combination of various growth factors could have beneficial effects on gene transfer and 

expression.

In contrast to normal B cells and B cell progenitors, the CD5+ B lymphocytes of 

CLL must be pre-activated before gene expression is detected. The reason for this 

difference is unclear. Both stimuli used induce cell cycle progression of B-CLL cells. TPA 

as the faster acting stimulus rapidly activates cell metabolism and induces differentiation 

into plasmacytoid, immunoglobulin secreting cells (Totterman et al. 1980). Time points of 

maximum induction of nucleotide incorporation (day 3) correlate with highest levels of 

gene transfer, but not with cell size and maturity (Drexler et al. 1987). TNF exposed cells 

generally show a more delayed pattern of activation but never differentiation (Cordingley et 

al. 1988). Again, levels of activation correlate with transfectability. The requirement for 

pre-activation for successful transfection could be explained in several different ways. The 

exceedingly small amounts of cytoplasm and unusual fragility of resting B-CLL may 

interfere with the process of gene transfer, although the surviving cell numbers were 

similar to normal B lymphocytes. Alternatively, lack of transcriptional or post- 

transcriptional facilities in these resting cells may mean that successfully transfected genetic 

material is simply not expressed (Miller et al. 1990, Springett et al. 1989). Finally, altered 

mechanical properties of the B-CLL cell membrane compared to normal B cells could 

prevent membrane perforation normally induced during the process of electroporation. Pre

activation may change distribution of membrane proteins or modify other parameters and 

for this reason facilitate pore formation and uptake of DNA. Failure of transfection and 

gene expression seems to represent a characteristic of the resting B-CLL lymphocytes since
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transfection of unactivated small resting normal tonsillar B lymphocytes allows expression 

of the reporter gene. Changing the transfection protocol does not overcome the problem as 

methods like protoplast fusion, lipofection or use of retroviral vectors carrying reporter 

genes (Strair et al. 1990) were equally unsuccessful, leaving electroporation as the method 

of choice.

Transfection efficiency of TPA activated B-CLL cells using electroporation was 

relatively high (5-10% ). Gene expression was mainly detected in CD 19+ cells and was 

not due to transfection of residual T-cells and monocytes. Normal CD19+ lymphocytes are 

unlikely to express reporter gene since numbers are low and the proportion of CD 19+ 

malignant cells exceeded 90% of the total. The CMV-LTR element proved to be the most 

effective promoter/enhancer combination for B-CLL cells tested and was used for all 

further transfection experiments described in this thesis.

Until now, the functions of transforming viral genes and oncogenes have been 

studied largely in already transformed cell lines. One of the major difficulties of studying B 

cell differentiation in vitro is the relatively short life span of B cell progenitors and 

immature B cells in culture (Manabe et al. 1992). For many years researchers have been 

frustrated in trying to develop a long-term culture system equivalent to the Whitlock-Witte 

method for mouse B cells (Whitlock and Witte 1982). Recently it has been reported that 

allogeneic human bone marrow stroma feeder layers support the long term survival of acute 

lymphoblastic leukaemia cells (Manabe et al. 1992) and normal B cell progenitors in vitro 

(Dr. D. Campana, personal communication). Combination of this bone marrow stroma 

culture system with the gene transfer methodology I have described could allow 

investigation of the contribution of individual genes to the growth and differentiation of 

immature B lymphocytes and B cell progenitors, representing an alternative route for 

studies of B cell function and development.

Transfection of primary B lymphocytes should also allow the investigation of the 

role of oncogenes implicated in various B cell malignancies. For example c-myc and bcl-2 

alone and in combination have been implicated in Burkitt's lymphoma and follicular
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lymphoma respectively (Dalla-Favera et al. 1982a, Gauwerky et al. 1988, Gauwerky et al. 

1989). The precise contribution of these and other oncogenes to the malignant process can 

now be analysed using transfection of normal and malignant B lymphocytes. Finally, 

transfer of functional genes attached to lineage restricted promoters offers the future 

prospect of extending the applications of gene therapy (Friedmann 1989, Miller 1990). 

Although most attempts to achieve this aim have focused to date on the use of retroviral 

vectors, electroporation is an alternative, since potentially oncogenic viruses are not 

involved and no special facilities are required for the electroporation procedure.

In the following chapters I will use this transfection method to study in more detail 

the influence of selected genes on growth and differentiation of B-CLL cells.



Chapter 3:

Construction of Eukaryotic 
Expression Vectors for Gene 

Transfer into Primary B Cells.



84

Introduction:

Selection o f genes fo r transfection o f primary B lymphocytes:

An increasing number of genes have been implicated in B cell growth and 

development. However, most reports are based on describing gene expression in B 

lymphocytes following treatment of cells with proliferation or differentiation stimulating 

agents. Although certain genes like the c-myc proto-oncogene are induced by various 

stimuli (Drexler et al. 1989, Larsson et al. 1987, Reed et al. 1985), it is difficult to draw 

conclusions about the precise physiological role of individual genes using this approach. 

Gene transfer experiments offer the opportunity to study the effects of individual genetic 

elements on cell activation, proliferation and differentiation following transfection. Gene 

transfer techniques may also allow to distinguish between different elements required for 

growth of normal and malignant cells, and could result in the definition of novel 

mechanisms leading to malignancy.

The gene transfer experiments described in this thesis were designed to study the 

molecular growth requirements of B-CLL cells and to identify individual genes capable of 

inducing proliferation or maintaining viability of B-CLL cells in culture. For the purposes 

of these investigations candidate genes for transfection studies of B-CLL cells had to fulfil 

the following criteria: (1) Only genes reported to be expressed in B cells and ideally in B- 

CLL were chosen.(2) Genes had to be transforming or play an important role in cell cycle 

induction. (3) The genes should be implicated in the pathogenesis of B cell malignancies. 

Based on these criteria the myc, ras, fos, raf and mos proto-oncogenes, whose individual 

properties and relevance for B lymphocytes will be described below, were selected for gene 

transfer experiments.

Abnormal expression of the c-myc gene, the cellular homologue of the avian 

retrovirus MC29, is found in several B cell neoplasias (Cole 1986). The most extensively 

studied example is Burkitt's lymphoma, a malignancy which is associated with specific 

chromosomal translocations that result in the juxtaposition of the c-myc locus on 

chromosome 8 (Dalla-Favera et al. 1982a) and various immunoglobulin loci located on
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chromosomes 14,22, and 2 (Dalla-Favera et al. 1983, Davis et al. 1984, Taub et al. 1982). 

These translocations are thought to lead to deregulated expression of the c-myc gene 

because of transcriptional influence of gene regulatory elements from the Ig locus and 

structural alterations of 5' regulatory portions of the c-myc gene (Croce and Nowell 1985, 

Kelly and Siebenlist 1986). A possible role of c-myc in the pathogenesis of B cell 

malignancies was further confirmed by data obtained from experiments with transgenic 

mice. C-myc sequences driven by the immunoglobulin heavy chain enhancer (Ep-) were 

injected into fertilized mouse oocytes. Due to the gene regulatory elements used, c-myc 

expression was restricted to B lymphocytes and Ep-myc transgenic mice developed B cell 

tumours (Adams et al. 1985). DNA transfection of c-myc constructs into EBV 

immortalized human B cell lines resulted in increased tumourigenicity, altered phenotype 

and expression of activation markers on the surface of the transfected cells (Inghirami et al. 

1990, Lombardi et al. 1987).

The precise function of the myc gene product is not yet known. C-myc is a member 

of the myc family of cellular proto-oncogenes which also includes N-myc and L-myc. In 

contrast to c-myc, N-myc and L-myc expression is more restricted and in tumours, they are 

usually activated by gene amplification rather than translocations (DePinho et al. 1987). 

Sequence analysis and its nuclear localization identified the c-myc protein as a putative 

DNA binding transcription factor (Collum and Alt 1990). The DNA binding sequence of 

myc has been characterized (Blackwell et al. 1990, Prendergast and Z iff 1991), but target 

genes have not yet been identified.

The c-myc gene consists of three exons, but only exon 2 and 3 are translated into 

protein (Battey et al. 1983). Transcriptional regulation of c-myc is very complex and may 

be influenced by 5' portions and sequences located in exon 1 (Hay et al. 1987). High 

levels of c-myc transcripts can be found in virtually all proliferating cells, with various 

amounts of RNA and protein detectable in different tissues. In contrast, differentiated and 

quiescent cells express very low levels of this gene. Upon activation of quiescent B 

lymphocytes, including B-CLL cells, c-myc is expressed transiently when the cells enter
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Addendum on Myc and Max interactions (Chapter 3 p. 85,86):

A large body of evidence indicates that the c-myc proto-oncogene is a master 

regulator of cell growth and differentiation (Cole 1986, DePinho et al. 1991). However, 

despite intensive investigation over more than a decade since the c-myc gene was discovered, 

the precise cellular function of the c-Myc protein has remained enigmatic. The nuclear 

localization of the Myc protein and evidence that the gene products of other nuclear proto

oncogenes including c-fos and c-jun act as transcriptional activators (Chiu et al. 1988, Hunter 

1991) has made it an attractive hypothesis to speculate that c-Myc may also be a transcription 

factor.

Only recently, detailed analysis of different domains conserved during evolution of 

the c-Myc protein and information obtained from studying different molecules containing 

similar structures as c-Myc has given us more insight into its molecular function. All three 

members of the Myc family of proto-oncogenes, c-Myc, N-Myc and L-Myc share distinct 

regions which are preserved among species (reviewed by Prendergast and Z iff 1992). Amino 

terminal regions homologous between these members of the Myc family are thought to be 

important for effects of Myc including co-transformation and transcriptional trans-activation 

(Kato et al. 1990, Kato et al. 1992, Stone et al. 1987). The Myc carboxy terminus contains 

three adjacent structures found in a family of transcription factors (reviewed by Jones 1990): 

the basic domain (Davis et al. 1990, Prendergast and Z iff 1989), a helix-loop-helix (HLH) 

structure (Murre et al. 1989) and a leucine zipper (LZ) domain (Landschultz et al. 1988).

The basic domain is required for DNA binding in this class of transcription factors 

(Davis et al. 1990) and is linked to the HLH and LZ domains either alone or in combination. 

These basic-HLH and basic-LZ domain containing transcription factors need to form homo- 

or heterodimers in order to bind DNA efficiently, with the process of dimerization being 

mediated by the LZ and the HLH domains (Jones 1990). The LZ is defined as a coiled-coil 

structure of parallel a-helices with a heptad repeat of leucine residues mediating hydrophobic 

interaction (O'Shea et al. 1989). By contrast to the LZ, the structure of the HLH is not yet
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known in detail and may be modeled as two amphipathic a-helices separated by a flexible 

loop of variable length (Murre et al. 1989).

Comparison of the amino acid sequences of the basic DNA-binding domain of other 

transcription factors containing like Myc basic-HLH-LZ motifs in one molecule with the 

Myc basic domain revealed high degrees of similarity. This observation led two independent 

groups to identify the DNA sequence recognized by the basic domain of c-Myc in a series of 

elegant experiments using degenerate oligonucleotides containing recognition consensus 

sequences of transcription factors with similar structure (Blackwell et al. 1990, Prendergast 

and Z iff 1991). In all these experiments dimerization and DNA binding was obtained by 

using extremely high levels of constructs containing the dimerization and the DNA binding 

motifs of c-Myc or by designing chimeric molecules comprising the c-Myc basic region and 

dimerization motifs of other molecules. However, c-Myc homodimers do not to form under 

physiological conditions and DNA binding by full length c-Myc homodimers is poor at best 

(Dang et al. 1991, Kato et al. 1992, Littlewood et al. 1992).

For this reason and in analogy with other members of the basic-HLH-LZ family, 

heterodimeiic DNA-binding by Myc and a putative partner was likely. Consequently, 

Blackwood et al. used a radiolabeled fusion protein containing the c-Myc basic-HLH-LZ 

structure to screen an expression library and identified a new member of the basic-HLH-LZ 

family. Max, a protein which specifically binds c-Myc, N-Myc and L-myc, but not other 

transcription factors (Blackwood and Eisenman 1991). In parallel, Prendergast and Ziff 

applied a PCR approach using primers directed against conserved regions of Myc to identify 

Myn, the murine homologue of Max (Prendergast et al. 1991). Myc and Max/Myn form 

heterodimers and bind the Myc consensus sequence with high affinity. Myc and Max are 

associated in vivo by means of their HLH-LZ structures and most newly synthesized Myc 

molecules were found to be bound to Max upon induction (Blackwood et al. 1992). By 

contrast to Myc, which has an extremely short half-life (Waters et al. 1991) even when bound 

to Max, Max protein is very stable (Blackwood et al. 1992). Unlike Myc, which is highly 

regulated and rapidly induced during Gq/G i transition (Lüscher and Eisenman 1990), Max is
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constitutively expressed in resting cells with unchanged levels during cell cycle induction or 

during differentiation (Berberich et al. 1992, Blackwood et al. 1992, Wagner et al. 1992). 

Myc and Max further differ also in their ability to activate transcription in a heterologous 

system: unlike Myc, Max cannot induce expression of a reporter gene (Kato et al. 1992) 

although Max homodimers are able to bind the same DNA sequence as Myc/Max 

heterodimers, however with lower affinity (Berberich et al. 1992, Blackwood and Eisenman 

1991, Prendergast et al. 1991). As demonstrated recently, the relative amount of Max 

homodimers (no induction of transcription) versus Myc/Max heterodimers (gene expression 

is induced) may therefore well determine whether a putative Myc responsive gene is actively 

transcribed (Kretzner et al. 1992).

A further possibility in regulating transcription using this model would be that there 

are additional proteins binding exclusively to Max, thus sequestering Max and therefore 

inhibiting formation of Myc/Max complexes and transcription. This indeed seems to be the 

case: two more proteins of the basic-HLH-LZ family. Mad and Mxi 1 were found, which 

bind specifically to Max but not to Myc (Ayer et al. 1993, Zervos et al. 1993). Max/Mad and 

Max/Mxi 1 complexes have the same specificity for DNA than Myc/Max heterodimers or 

Max homodimers and do not stimulate transcription or even repress gene expression (Ayer et 

al. 1993, Zervos et al. 1993). These data suggest a regulation of transcription of the as yet not 

identified Myc-responsive target gene(s) based on the relative abundance of individual 

factors with Mad and Mxi 1 competing with Myc for binding to Max. However, further 

experiments are needed to verify this model.
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G1-phase of the cell cycle (Drexler et al. 1989, Larsson et al. 1987, Reed et al. 1985), 

implying that c-myc expression is required for these cells to proliferate. At present, one can 

only speculate about the function of this gene, but the finding that c-myc expression is 

deregulated in malignant cells together with other experimental evidence presented above 

strongly suggests a role for c-myc as one of the key regulators of cell growth and 

differentiation.

Three members of the ras family of proto-oncogenes, Harvey (Ha-), Kirsten (Ki-) 

and N-ras have been described (Barbacid 1987). Ha- and Ki-ras were first recognized as 

the transforming sequences of the Harvey and Kirsten murine sarcoma viruses. No viral 

homologue exists for N-ras. The transforming potential of cellular ras oncogenes was 

recognized when it was demonstrated that transfection of high molecular weight DNA from 

various human tumour cell lines into mouse NIH3T3 cells induced morphological 

transformation (Shih et al. 1979). Subsequently, transforming sequences derived from the 

human EJ/T24 bladder carcinoma cell line were identified as the human homologue of the 

Harvey murine sarcoma virus ras gene (Parada et al. 1982, Santos et al. 1982).

Molecular analysis showed that a single base pair change, resulting in an amino acid 

substitution of the ras protein, was responsible for activation of the EJ/T24 Ha-ras gene 

(Reddy et al. 1982, Tabin et al. 1982). This concept turned out to be true for all three ras 

proteins in which single point mutations, in particular at positions 12,13,59 and 61, lead 

to activation of the protein (Barbacid 1987). The three ras genes found in mammalian cells 

are highly homologous with four exons coding for a remarkably similar protein of 188-189 

amino acids, suggesting a common function (Barbacid 1987). The p21 ras proteins are 

localized to the inner surface of the plasma membrane into which they are anchored by fatty 

acid residues acquired during post-translational modification processes (Hancock et al. 

1989, Hancock et al. 1990). The ras gene product is thought to play a role in signal 

transduction processes. During the signal transduction cascade p21 ras is activated by 

phosphorylation of bound guanosine 5'-diphosphate (GDP). In normal cells, the resulting
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guanosine 5’-triphosphate (GTP) is rapidly hydrolized to GDP by a GTPase activating 

protein (GAP), converting ras into its inactive form (Trahey et al. 1988). However, 

hydrolysis of GTP bound to oncogenic mutants of ras by GAP is inhibited, resulting in 

constitutively activated ras proteins.

Mutated ras genes have been found in many different human tumours with the 

number and type of mutation varying substantially between different forms of cancer, but it 

appears that in a given malignancy a particular type of mutation predominates (Barbacid

1987). In haemopoietic malignancies, ras mutations are more frequently found in myeloid 

neoplasias, whereas activated ras genes are relatively rare in B cell tumours (Neri et al.

1988).

Nevertheless, the ras gene may be an important regulator of B cell growth and 

differentiation. DNA transfection experiments of EBV immortalized B lymphocytes 

resulted in differentiation, increased proliferative activity and led to malignant 

transformation (Nasi et al. 1990, Seremetis et al. 1989). Furthermore, ras gene mutations 

can be involved in the generation of spontaneous B cell tumours in c-myc transgenic mice 

(Alexander et al. 1989b). Finally, B cells derived from Ep-myc transgenic mice developed 

B cell tumours with 100-fold higher efficiency when infected with a retrovirus carrying Ha

ras sequences than cells expressing c-myc alone (Alexander et al. 1989a).

The fos oncogene was first identified as the transforming sequence incorporated 

into the murine Finkel-Biskis-Jinkins (FBJ) osteosarcoma virus (Curran et al. 1982). 

Oncogenic activation of the corresponding c-fos proto-oncogene is achieved when 3' 

untranslated mRNA sequences are removed, resulting in overexpression (Verma 1986). In 

addition, activated viral fos proteins contain a point mutation and a truncated carboxy 

terminus. All these changes seem to inhibit down-regulation of fos gene transcription by 

the fos protein (Wilson and Treisman 1988). Fos expression in normal cells is low, but 

RNA levels drastically increase, often within minutes after mitogenic stimulation, followed 

by down-regulation to pre-activation levels (Verma and Sassone-Corsi 1987). Such a
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response is characteristic for fos and other early response genes including c-myc which 

most likely encode proteins that play a critical role during early cell cycle events. This 

argument is confirmed by recent findings that fos together with the proto-oncogene j un 

forms the transcription factor activator protein 1 (AP-1) (Chiu et al. 1988, Rauscher et al. 

1988, Sassone-Corsi et al. 1988), a mammalian transcription factor involved in the cellular 

response to phorbol ester (Angel et al. 1987). The fos and jun proteins form a heterodimer 

by means of the so called leucine zipper, a stretch of about 20 - 30 amino acids with 

interacting leucine residues. The leucine zipper region is shared by many transcription 

factors including the c-myc gene, which makes it an important functional element for 

protein/protein interaction (Landschulz et al. 1988).

The role of c-fos as an early response gene in lymphocytes was established by the 

work of Reed and co-workers who detected high levels of fos RNA following stimulation 

of resting cells with lectins (Reed et al. 1986). Similar kinetics were observed in B-CLL, 

where phorbol ester activation induces cell cycle progression and transient fos RNA 

synthesis (Drexler et al. 1989, Larsson et al. 1987, Murphy et al. 1990), suggesting an 

important function of fos during induction of the cell cycle in normal and malignant 

lymphocytes.

Less information is available about the function of the proto-oncogenes c-raf and c- 

mos in lymphocytes. Both genes are members of the group of oncogenic protein kinases, 

enzymes which phosphorylate specific substrates during signal transduction processes 

(Hunter 1987). In contrast to the transcription factors c-myc and c-fos/c-jun, c-raf and c- 

mos are located in the cytoplasm.

The v-raf gene was originally identified as the transforming gene of the murine 

sarcoma virus 3611 (Rapp et al. 1983). Truncation of 5' sequences, removing the first 5 - 

7 exons, produces oncogenic activation of c-raf (Rapp et al. 1988). Truncated c-raf and v- 

raf are highly homologous. Both proteins share the catalytic serine kinase domain (Bonner
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et al. 1986). Although many different effects of c-raf have been observed, at present the 

precise biological function of the c-raf protein is unclear (Li et al. 1991).

The Eji-myc transgenic mouse model described above (Adams et al. 1985), also 

proved to be extremely useful for determining the contribution of transforming raf 

sequences to the pathogenesis of B cell malignancies. As mentioned, c-myc expressing 

transgenic mice develop B cell tumours. Infection of c-myc expressing bone marrow cells 

with the v-raf containing retrovirus 3611-MSV (Rapp et al. 1983) resulted in increased 

numbers of B cell tumours, perhaps by cooperation of the two oncogenes (Langdon et al.

1989). Interestingly, cultured raf/myc transformed Ep-myc B cells display characteristic 

changes in morphology, phenotype and growth characteristics indicating lineage switch 

from B lymphocytes to monocytes (Khnken et al. 1988).

The transforming sequences of the Moloney murine sarcoma virus consist of the 

essentially unaltered c-mos proto-oncogene (Seth and Vande Woude 1985). Although the 

mos oncogene is one of the oldest known transforming sequences, its function is not yet 

clear. The mos gene is expressed at very low levels in a restricted set of tissues in mice 

including testes, ovary and embryo (Propst and Vande Woude 1985). Most research on the 

c-mos gene has focused on the role of this proto-oncogene in developing gametes and 

during meiosis, where the mos gene product is required for division (Propst et al. 1988). 

Oncogenic activation of c-mos appears to operate through overexpression, which 

transforms NIH3T3 fibroblasts efficiently when placed under the control of a powerful 

promoter (Blair et al. 1981). Increased levels of mos transcripts have been found in mouse 

plasmacytomas where the mos gene has been activated by mutational insertion of an 

endogenous retroviral genome, the intracistemal A particle (Canaani et al. 1983, Horowitz 

et al. 1984). In addition, the mos gene appears to be rearranged in various B cell lines 

(Cohen et al. 1983).
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Gene expression systems:

Ideally, gene expression systems, or vectors, would support expression of any 

chosen cloned gene or cDNA with high efficiency in a wide variety of cell types from 

different species. Unfortunately universal vectors do not exist. The gene expression 

systems available carry a number of disadvantages such as cell type restricted or very low 

levels of expression and have to be carefully selected to fit individual needs.

Expression vectors can be divided into two groups: vectors derived from animal 

viruses, and plasmid based expression systems. Viral vectors take advantage of the ability 

of certain viruses to infect mammalian cells and to transduce DNA. The gene of interest is 

inserted into the viral vector by means of recombinant DNA technology and usually 

replaces or complements viral sequences. This type of expression vector is based on well 

studied viruses. Vectors derived form SV40 (Gething and Sambrook 1981), baculoviruses 

(Luckow and Summers 1988), retroviruses (Gilboa et al. 1986, Miller and Rosman 1989), 

vaccinia virus (Mackett et al. 1985) and adenovirus (Berkner 1988, Rosenfeld et al. 1992) 

have been successfully used to transduce genes into mammalian cells. Retroviral vectors 

are the most promising candidates for future gene therapy and are also widely used for 

experimental purposes. Retroviruses can infect a wide variety of cells with high efficiency, 

the transduced gene is integrated into the genome of the host cell and virtually every gene 

tested so far was expressable when cloned into this type of vector. However, retroviruses, 

like all viral expression systems, are relatively complex which significantly hampers 

construction and only DNA sequences of 6 kb or shorter can be used for expression in 

retroviruses (Miller 1990). Because of the potential risks involved, use of viral expression 

systems, with infectious viral particles being part of the gene transfer procedure, is 

restricted when transforming genes like oncogenes are studied in human cells.

The second group of expression vectors requires DNA transfection techniques. 

Although there are considerable differences between individual expression systems, almost 

all of them contain plasmid derived DNA sequences. These allow the amplification of the
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expression vector containing eukaryotic gene regulatory sequences controlling expression 

of genes in mammalian cells, together with the inserted gene of interest.

Several elements are required for the expression of genes in eukaryotic cells. 

Promoters and enhancers, genetic elements governing gene expression, are composed of 

short DNA sequences interacting with cellular transcription factors (Dynan 1989). 

Eukaryotic promoters consist of a variable number of modules each of which is bound by a 

different transcription factor (Mitchell and Tijan 1989). One module found in most 

promoters is the so called TATA box named after a short DNA consensus sequence. The 

TATA box is located approximately 25 bp upstream of the mRNA startpoint and is thought 

to direct RNA polymerase II to the transcription initiation point. More elements, varying 

between different promoters, are found further upstream. In contrast to the sequence 

components of promoters, modules contained in enhancer sequences do not need to be 

located in the direct vicinity of the transcription start point and may be located either 

upstream or downstream at considerable distance. Enhancer elements can stimulate 

transcription up to 1000-fold (Dynan 1989). Activity of many cellular promoters and 

enhancers is restricted to a specific cell type, depending on the transcriptional activators 

present, whereas promoter/enhancer elements from certain animal viruses display a 

relatively broad host range. Consequently, sequences derived from SV40 (Dijkema et al. 

1985), Rous sarcoma virus (Gorman et al. 1982a) and cytomegalovirus (Boshart et al. 

1985) are widely used for the construction of expression vectors.

During nuclear processing, eukaryotic mRNAs are modified at their 5' and 3’ 

termini by a "cap" structure at the former and a poly(A) "tail" at the latter. Formation of 

RNA 3' ends involves a post-transcriptional nucleolytic cleavage reaction in which 

precursor RNAs are cleaved in a site specific manner followed rapidly by polyadenylation 

(Manley 1988, Proudfoot 1989). Adenosine residues are added one at a time by a poly(A) 

polymerase synthesizing a poly(A) tract of approximately 200 - 300 nucleotides in length. 

The resulting poly(A) tail is thought to influence mRNA stability. Discrete sites for 

termination of primary transcripts have not been identified in detail yet, but a highly
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conserved hexanucleotide 5’-AAUAAA-3', which is located about 20 nucleotides upstream 

of the mRNA 3' end (i.e. the site of polyadenylation), is found in virtually every 

polyadenylated mRNA. Frequently, GU- or U-rich sequences are located downstream of 

the polyadenylation site (Manley 1988). Although most cDNA clones contain the 

AAUAAA hexanucleotide, sequences located 3' are not necessarily incorporated. Thus, in 

order to ensure proper nuclear processing of precursor RNA, many expression vectors 

contain a well characterized DNA fragment derived from SV40 which includes cleavage 

and polyadenylation signals (Sambrook et al. 1986).

In contrast to prokaryotic genes, coding sequences of eukaryotes (exons) are 

interrupted by non-coding introns varying in length from short oligomers to thousands of 

base pairs. Introns are removed from the primary transcripts by splicing mechanisms in the 

nucleus. Splice sites are defined within introns by splice donor and splice acceptor 

consensus sequences and are recognized by specific endonucleases. Upon completion of 

nuclear processing the mature RNA is transported into the cytoplasm (Padgett et al. 1986). 

There are controversial opinions about the requirement for intronic sequences in expression 

vectors. While splicing processes appear to be necessary for the expression of certain 

cDNAs (Hamer and Leder 1979), many genes have been expressed successfully from 

vectors lacking these sequences (Gething and Sambrook 1981). Furthermore, intron 

requirement seems dependent upon the promoter used for gene expression (Neuberger and 

Williams 1988).

Finally, the DNA to be inserted into the vector has important consequences for the 

design of expression systems. Usually the genes of interest are obtained in the form of 

cDNAs lacking all gene regulatory sequences. Genomic copies of a gene contain these 

elements, but frequently these sequences are not suitable for gene expression in a particular 

cell type. Therefore, removal of cellular promoter and enhancer sequences may increase 

gene expression.

In this chapter I describe the design and construction of expression vectors to study 

the function of individual genes on B-CLL cells after gene transfer. As described in chapter
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2, only vectors containing CMV derived sequences allow detection of reporter gene activity 

following gene transfer. To achieve high levels of gene expression in transfected B cells a 

cassette vector based on CMV-LTR promoter and enhancer sequences with a multiple 

cloning site was designed for introduction of nucleotide sequences of interest. The proto

oncogenes c-myc and Ha-ras as well as transforming viral fos, raf and mos genes were 

subcloned into this vector. Selected oncogene containing constructs were tested for gene 

expression with different methods following gene transfer.
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Materials and Methods:

Protocols described in this section are based on methods published by Sambrook et 

al. (Sambrook et al. 1989).

DNA sources:

All genes used for subcloning purposes were obtained in the form of cDNAs cloned 

into plasmid vectors, except for the Ha-ras gene which consisted of genomic sequences. 

The EBV open reading frame BZLFl (Biggin et al. 1987) was cloned into pSP64 as a 875 

bp Eco Rl- Bam HI fragment (gift of Dr. P. Farrell, Ludwig Institute for Cancer Research, 

London, U. K.). Exons two and three of the human c-myc gene were inserted as a 2.4 kb 

Xba I - Eco RI fragment into plasmid pMLV-myc (Lee et al. 1985) (courtesy of Dr. W. Lee 

University of California, San Francisco, CA, USA). The Ha-ras gene was obtained as a 

6.6 kb Bam HI fragment inserted into pSP64 (gift of Dr. L. Banks, Ludwig Institute for 

Cancer Research, London, U. K.). Plasmid pFBH-1 (courtesy Dr. T. Crook, Ludwig 

Institute for Cancer Research, London, U. K.) contains FBJ-MSV proviral sequences 

(Cuiran et al. 1982). The fos gene was recovered by digestion of pFBH-1 with Bgl I I . 

Complete coding sequences of the raf proto-oncogene were contained in plasmid p3611- 

MSV (Rapp et al. 1983) (gift of Dr. U. Rapp, National Cancer Institute, Frederick, MD, 

USA), which were excised as a 1.3 kb Bst E li - Bal I fragment. The plasmid pHT-74 

(courtesy Dr. F. Propst, Ludwig Institute for Cancer Research, London, U. K.) contains 

the viral mos gene as a 1.1 kb Xba I - Hind III fragment (Seth and Vande Woude 1985).

Plasmid pSP64 was available in the laboratory. A 150 bp Bam H I - Hpa I SV40 

DNA fragment providing cleavage and polyadenylation signals in both orientations was a 

gift of Dr. G. Allan, Ludwig Institute for Cancer Research, London, U. K.
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Large scale preparation o f plasmids:

In order to obtain large quantities of the DNA of interest, cloned sequences were 

usually inserted (subcloned) into plasmids and amplified in suitable Escherichia coli (E. 

coli) hosts.

Bacteria containing plasmid DNA were streaked onto Petri dishes containing 2 x 

TYE-agar (16 g/1 Bacto tryptone; Difco, Detroit, M I, USA, 10 g/1 Bacto yeast extract; 

Difco, 5 g/1 NaCl; Sigma, supplemented with 15 g/1 Bacto agar; Difco) and the plate was 

incubated overnight at 37®C. A single colony was picked and used to inoculate 5 ml 2 x 

TYE medium (16 g/1 Bacto tryptone; Difco, 10 g/1 Bacto yeast extract; Difco, 5 g/1 NaCl; 

Sigma, pH adjusted to 7.4) containing 50 pg/ml ampicillin (Sigma) or 12 pg/ml tetracycline 

(Sigma) depending on the antibiotic resistance gene encoded by the plasmid sequences. 

This culture was incubated with shaking at 37®C overnight, added to 500 ml 2 x TYE 

medium with antibiotics in a 21 conical flask and incubated for another 16 hours at 37®C 

with shaking. Bacteria were sedimented by centrifugation at 4000 x g for 5 min. The pellet 

was resuspended in 18 ml lysozyme solution (50 mM glucose, 10 mM ethylene diamine 

tetra-acetate (EDTA), 25 mM Tris pH 8.0; all reagents from Sigma) by vortexing and 

vigorous pipetting. Two ml of a 10 mg/ml lysozyme stock solution (final concentration 

1 mg/ml; Boehringer Mannheim) were added and the suspension mixed gently. After 5 min 

incubation at 20^C, 40 ml of a solution containing 1% sodium dodecyl sulfate (SDS; 

Sigma) and 0.2 M  NaOH (Sigma) were added followed by incubation for another 5 min at 

209C. Bacterial genomic DNA and proteins were precipitated by combining the lysed 

bacteria with 20 ml of 3 M sodium acetate pH 5.2 (Sigma). Solid matter was pelleted by 

centrifugation for 20 min at 5000 x g and the supernatant passed through a gauze filter. 

Plasmid DNA in the supernatant was precipitated by the addition of 50 ml 2-propanol 

followed by centrifugation at 500 x g for 20 min. Pelleted plasmid DNA was resuspended 

in 8.5 ml sterile double distilled water. 12 g cesium chloride (Boehringer Mannheim) as 

well as ethidium bromide (final concentration 0.5 mg/ml; Sigma) were added and dissolved 

with shaking. Remaining solid impurities were removed from the solution by centrifugation
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at 10000 X g for 10 min. The particle free supernatant was transferee! to ultracentrifuge 

tubes (Beckman Instruments, Palo Alto, CA, USA) followed by ultra-centrifugation at 

200000 X g for 16 hours using a Beckman 70.1 T I rotor (Beckman Instruments). The 

lower visible band consisting of supercoiled plasmid DNA was harvested through a 21- 

gauge needle inserted into the side of the tube and diluted with an equal volume of sterile 

double distilled water. Ethidium bromide was removed by repeated extraction with water- 

saturated 1-butanol (Sigma) until the solution appeared clear. Two volumes absolute 

ethanol, previously equilibrated to 20^C, were added and the tubes incubated for at least 

Ihour at 20®C. The plasmid DNA was pelleted by centrifugation at 10000 x g for 10 min, 

washed with 70% ethanol, re-pelleted for 5 min and air dried. Purified DNA was 

resuspended in 100 - 1000 pi TE buffer (10 mM Tris pH 7.4, 1 mM EDTA; Sigma), 

depending on the size of the pellet, and the concentration determined by measuring 

absorption of ultraviolet (UV) light at 260 nm (OD260) in a spectrophotometer using the 

formula: I  OD26O = 50 [xg/ml DNA.

Digestion of DNA with restriction enzymes:

DNA restriction enzymes were purchased from Boehringer Mannheim or New 

England Biolabs (New England Biolabs, Beverley, MA, USA). Plasmids were cut with a 

two-fold excess of enzyme using the supplied buffers for 2 hours at optimum incubation 

temperature. Final volume was adjusted to contain less than 5% enzyme. Following 

digestion, enzymes were heat-inactivated at 65®C for 10 min. For cloning procedures 

approximately 20 pg DNA wCTe digested.

Dephosphorylation of 5' termini:

To prevent re-ligation of vector DNA, 5' ends were dephosphorylated where 

appropriate. Approximately 5 units calf intestine alkaline phosphatase (CIP) (Boehringer 

Mannheim) were added to the restriction digest followed by incubation for 30 min at 37®C. 

CIP was inactivated by heating the reaction mixtures to 65®C for 10 min. Impurities were 

removed by phenol extraction and ethanol precipitation (see below).
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Creation o f blunt ends:

Most restriction enzymes generate 5' or 3' overlapping termini when cutting DNA. 

While this is normally desirable, due to the lack of convenient restriction sites it is 

sometimes necessary to modify overlapping ends, generating blunt termini in the process. 

Most commonly, 5' overlapping termini are converted to blunt ends by filling in recessed 

3' ends using the Klenow fragment of E. coli DNA polymerase. In a typical reaction, lOpg 

of the cut DNA fragment were incubated with 5 units Klenow DNA polymerase 

(Boehringer Mannheim) in polymerase buffer (7 mM Tris pH 7.4, 50 mM NaCl, 7 mM 

MgCh; all Sigma) and 1(X) pM each of the four deoxynucleotides dATP, dGTP, dCTP and 

d’lTP (Boehringer Mannheim) for 30 min. at 37®C. The reaction was stopped by heat 

inactivation of Klenow DNA polymerase for 10 min at 65®C. Unincorporated nucleotides 

and other impurities were removed using the GENE CLEAN procedure (see below).

Phenol/chloroform extraction and ethanol precipitation of DNA:

Protein and other impurities were removed from DNA preparations by phenol- 

chloroform extraction. High quality, liquified phenol (Boehringer Mannheim) was equili

brated to pH > 7.6 by extraction with an equal volume 1 M  Tris pH 8.0, followed by 0.1 

M Tris pH 8.0 and the solution stored at 4®C protected from light. Phenol/chloroform 

solution was prepared by combining 25:24:1 (vol./vol./vol.) Tris saturated phenol: 

chloroform:iso-amylalcohol (all Sigma).

Impurities were removed by mixing the DNA solution with an equal volume 

phenol/chloroform. The solution was centrifuged at 11000 x g in a microcentrifuge for 

2min and the upper, aqueous phase, transfered to a new microcentrifuge tube. This 

procedure was repeated until no more protein interface was visible. The DNA was 

precipitated by the addition of sodium acetate pH 5.2 to a final concentration of 0.3 M  and 

2 volumes of absolute ethanol. After incubation at 4^C for 15 minutes, DNA was recovered 

by centrifugation at 11000 x g for 30 min. The pellet was washed with 0.5 x volume 70% 

ethanol, allowed to air dry and resuspended in an appropriate volume of TE buffer.
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Isolation of DNA from agarose gels; GENE CLEAN procedure:

DNA fragments were separated by standard horizontal agarose gel electrophoresis 

using commercially available electrophoresis equipment (GIBCO-BRL). Approximately 

20pg digested DNA were mixed with 1/5 volume gel loading buffer (20% Ficoll, 10 mM 

Tris pH 7.5,1 mg/ml orange G; all from Sigma) and up to 4 pg DNA in a volume of 30 pi 

were loaded into a single well. Depending on the fragment size, DNA was separated on 0.6 

-1 % agarose gels (GIBCO-BRL) containing 0.5 pg/ml ethidium bromide (Sigma) in TBE 

buffer (0.09 M Tris, 0.09 M boric acid and 0.002 M EDTA; all Sigma) as described 

(Sambrook et al. 1989). DNA fragments were visualized under UV light using a UV 

transilluminator (UVP, San Gabriel, CA, USA).

In order to compensate for losses during the electrophoresis procedure and 

extraction of DNA, approximately 20 pg digested DNA were separated on agarose gels. 

DNA was recovered from gels by applying the GENE CLEAN procedure which takes 

advantage of the fact that DNA, but not contaminates such as proteins and RNA, binds to 

glass particles in high salt solutions (Vogelstein and Gillespie 1979). Sufficiently separated 

DNA fragments of interest were cut out from agarose gels using a scalpel. The agarose 

slice was then melted in sodium iodide solution and bound to glass beads using a GENE 

CLEAN kit (Bio 101, La Jolla, CA, USA), following the instructions of the manufacturer. 

Recovered DNA was resuspended at a final concentration of about 100 ng/pl in TE buffer.

The GENE CLEAN procedure was also used as an alternative to phenol/chloroform 

extraction, for example after filling in ends, applying the same protocol.

Ligation of DNA fragments:

DNA fragments with compatible ends were ligated together with the enzyme T4 

DNA ligase. A 10-fold molar ratio of insert to vector sequences was used to enhance 

ligation of insert to vector (plasmid sequences) ends. Forty ng of vector DNA and 400 ng 

of gel purified insert were mixed and 1 pi 10 x ligase buffer (500 mM Tris pH 7.4, lOOmM 

MgCl2, 200 mM dithiothreitol, 500 pg/ml bovine serum albumin) added. Following the 

addition of 1 unit T4 DNA ligase and ATP to a final concentration of 1 mM, the volume
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was adjusted to 10 pi with double distilled water and the reaction mixture was incubated for 

16 hours at 15®C. Residual enzyme activity was eliminated by heating to 65®C for 10 min. 

Ligated fragments were stored at - 20®C until use.

Preparation of competent cells and transformation of E. coli with plasmids: 

All cloning experiments were carried out with E. coli strain HBlOl, which 

contains a lesion in the E. coli recA coding sequences, thereby preventing recombination of 

inserted plasmids (Boyer and Rouland-Dussoix 1969).

Competent HBlOl cells were prepared by treatment with CaCla and low 

temperature (Cohen et al. 1972). A single bacterial colony was picked from an agar plate 

and used to inoculate 5 ml 2 x TYE medium. After overnight incubation at 37^C with 

shaking, 0.3 ml suspension were diluted 1/100 in 2 x TYE medium. The bacteria were 

incubated until the optical density (O D ôoo) o f  the suspension was approximately 0.5. The 

cells were then recovered by centrifugation at 4000 x g for 5 min. The pellet was 

resuspended in 15 ml ice cold 50 mM CaCh (Sigma) followed by incubation on ice for 

15min. Finally, bacteria were pelleted as above and resuspended in 1.5 ml ice cold 50mM 

CaCl2.

For transformation of competent cells, 47.5 pi TMC buffer (10 mM Tris pH 7.5, 

lOmM MgCl2, 10 mM CaCh; all Sigma) were added to 2.5 pi ligated DNA fragments 

(approximately 50 - 100 ng DNA) and combined with 100 pi competent bacteria (see 

above). After incubation for 30 min on ice, cells were heat shocked for exactly 2 min at 

37^C and then left at 20®C for 10 min. Following the addition of 350 pi 2 x TYE, cells 

were incubated at 37^C for 30 min with shaking. 100 pi bacterial suspension were spread 

onto a bacterial plate containing 2 x TYE-agar and the appropriate antibiotic (see above). 

The plate was incubated overnight at 37^C.

Detection of recombinant plasmids:

Individual colonies were picked from plates containing transformed bacteria, 

streaked on a fresh 2 x TYE-agar plate which served as a master plate after numbering



100

transfered bacterial colonies (see below). Following incubation at 37®C overnight, a 2 mm 

long section of each colony was transfered with a sterile tooth pick into a 96 well tissue 

culture plate containing 15 pi protoplasting buffer (30 mM Tris pH 8.0, 5 mM EDTA, 50 

mM NaCl, 20% sucrose, 1(X) pg/ml DNase free RNase, 100 pg/ml lysozyme; chemicals 

from Sigma, enzymes from Boehringer Mannheim) and the bacteria suspended by mixing 

thoroughly. Five pi lysis buffer (TBE gel running buffer, 2% SDS, 5% sucrose, 0.01% 

bromphenol blue; all from Sigma) were added and the lysed bacteria loaded onto a 0.8% 

agarose gel. Electrophoresis buffer and the agarose gel were prepared with TBE containing 

0.05% SDS. Plasmids released during the process of lysis were separated at 45 Volts for 

4hours using standard electrophoresis equipment (GIBCO-BRL). Genomic DNA and 

proteins are too large to enter the gel and remain in the wells. Separated plasmids were 

stained with 0.5 pg/ml ethidium bromide for 20 min and visualized under UV light. Insert 

containing plasmids were identified by their increased molecular weight compared to 

unmanipulated vector DNA, which was run on the same gel as a standard.

Evaluation of recombinant DNA:

To evaluate whether identified plasmids contained the correct insert, 6 - 1 0  

corresponding bacterial colonies were picked from the master plate and grown in 5 ml 2 x 

TYE medium at 37^C overnight with shaking. 1.5 ml bacterial suspension were transfered 

to a 1.5 ml microcentrifuge tube and pelleted by centrifugation at 11000 x g for 1 min. The 

supernatant was removed completely and the cells resuspended in 100 pi lysozyme solution 

(50 mM glucose, 25 mM Tris pH 8.0, 10 mM EDTA; all Sigma and 1 mg/ml lysozyme; 

Boehringer Mannheim). After 5 min incubation at 20^C, 200 pi of a solution containing 

0.2 M NaOH and 0.1 % SDS were added and the tubes placed on ice for 5 min. This was 

followed by the addition of 150 pi 3M sodium acetate pH 5.2 and another incubation for 

5min on ice. Solid matter was removed by centrifugation for 4 min at 11(X)0 x g and 400 pi 

supernatant transfered to a fresh microcentrifuge tube. Plasmid DNA was precipitated by 

the addition of 800 pi absolute ethanol. After 5 min incubation at 20^C, DNA was
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recovered by centrifugation for 5 min at 11000 x g. The supernatant was aspirated, the 

DNA washed with 100 pi 70% ethanol and the air dried pellets resuspended in 100 pi 

lOTO.lE buffer (10 mM Tris pH 7.4, 0.1 mM EDTA; Sigma). RNA was removed by 

digestion with 20 pg DNase-free RNase (Boehringer Mannheim) for 30 min at 37^C. 

Protein impurities were removed by phenol/chloroform extraction and ethanol precipitation. 

DNA pellets were resuspended in a final volume of 50 pi TE buffer and 2 - 5 pi used for 

restriction analysis of recombinant plasmids (see above).

Calcium phosphate transfection and culture o f NIH3T3 cells.

The murine fibroblast cell line NIH3T3 (Shih et al. 1979) was cultured in DMEM 

medium (Whittaker Bioproducts) supplemented with 10% PCS, 1(X) I.U. penicillin and 

1(X) pg/ml streptomycin (Whittaker Bioproducts) in 100 mm tissue culture dishes (Falcon 

#3003, Lincoln Park, NJ, USA). Cell cultures were split every 72 hours, or when nearly 

confluent.

NIH3T3 cells were transfected by applying the calcium phosphate method. In 

principle, precipitates formed by CaP0 4  facilitate DNA transfection by enhancing 

adsorption of DNA to the cell membranes (Graham and Van der Eb 1973). A Stratagene 

mammalian transfection kit (Stratagene, La Jolla, CA, USA) was used following the 

instructions provided by the manufacturer. For increased transfection efficiency, 5 x 10̂  

cells were seeded into a new dish in a total volume of 10 ml medium 24 hours before 

transfection . Twenty pg plasmid DNA were combined with solutions provided in the kit 

and cells were incubated for 16 hours at 37®C and 5% CO2, before precipitates were 

removed by rinsing the adherent cell layer with PBS followed by the addition of 10 ml 

medium.

For c-myc immunofluorescence staining (see below) cells were harvested 48 hours 

after transfection by scraping. CMV-LTR-Ha-ras transfected cells were evaluated for 

formation of contact inhibition independent foci 10 days following DNA transfer.
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C-myc immunofluorescence staining:

Hybridoma cell lines producing anti-c-myc antibodies CT14-G4,1-9E10 and CT9- 

B7 were obtained from the American Type Culture Collection (ATCC). These antibodies 

were raised against peptide sequences specific for human c-myc and have been 

characterized extensively (Evan et al. 1985). Hybridoma cells were grown in RPMI 

medium supplemented with 10% PCS and antibiotics. To obtain sufficient antibody, 50 ml 

cell suspension at a starting concentration of 1 x 10̂  cells/ml were grown for 7 days 

without further addition or change of medium. Cells were removed by centrifugation for 

lOmin at 800 x g and the antibody containing supernatant filtered through 0.2 pm. 

Antibody preparations were further purified by precipitation with ammonium sulphate as 

follows. An equal volume of saturated ammonium sulphate solution (4.1 M solution; 

Sigma) was added dropwise while the antibody solution was stirred gently. Following 

overnight incubation at 4®C, precipitated antibody was recovered by centrifugation at 3(X)0 

X g for 30 min. The pellet was resuspended in 1/10 of the original volume in PBS and 

dialyzed overnight against three changes of PBS at 4^C. Remaining debris were removed 

by centrifugation at 10000 x g for 5 min. The clear supernatant was recovered and 0.2% 

BSA (Sigma) as well as 0.2% sodium azide (Sigma) added to stabilize antibodies and to 

prevent infection. Antibody was stored at -70®C prior to use.

Staining was standardized on cytospin preparations of the human promyelocytic cell 

line HL-60, which has been reported to overexpress c-myc (Dalla-Favera et al. 1982b). 

Human peripheral blood lymphocytes were used as a negative control. Best results were 

obtained with antibodies synthesized by the hybridoma clones CT14-G4 and 1-9E10 using 

methanol as a fixative (not shown). Myc-staining obtained with CT14-G4 supernatant was 

superior compared to nuclear fluorescence observed in samples incubated with 1-9E10 

antibodies.

Transfected NIH3T3 cells were washed twice in ice cold PBS, passaged through a 

18-gauge needle to obtain a single cell suspension, and 8 x 10̂  cells used for each cytospin 

preparation (see chapter 2). Due to the very short half life of the c-myc protein (Waters et
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al. 1991), slides were air dried for only 2 hours and stored at -70®C wrapped in aluminium 

foil until use. After thawing, cytospin preparations were fixed in methanol for 30 min at 

4®C, followed by washing in PBS for 5 min. Slides were incubated for 30 min at 20^C 

with 25 pi concentrated CT14-G4 antibody. After washing in PBS for 10 min, 0.5 pi 

FITC labeled goat anti-mouse IgG antibody (Jackson Immunoresearch) were added and the 

preparations incubated for another 30 min at 20^C. Excess second layer antibodies were 

removed by a final wash in PBS for 10 min. Slides were mounted in a mixture of 

PBS/glycerol 1:1 (vol/vol) and examined by immunofluorescence microscopy (see chapter 

2).

NIH3T3 focus formation assay:

NIH3T3 cells that have been transformed by oncogenic sequences loose contact 

inhibition and can be identified as piled up cells arising in a normally flat monolayer 

(Cooper et al. 1980, Shih et al. 1979).

To test the transforming properties of plasmid pCMV-LTR-Ha-ras, NIH3T3 cells 

were transfected with 20 pg plasmid DNA using the CaP0 4  technique (see above) and 

cultures were examined by light microscopy for focus formation 10 days after transfection.
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Results and Discussion:

As demonstrated in chapter 2, to achieve highest possible levels of gene expression 

following transfection of B-CLL cells it was necessary to place investigational genes under 

the control of gene regulatory elements containing the CMV immediate early enhancer. The 

CMV-LTR hybrid promoter enhancer element was consistently 2 times stronger than CMV 

sequences alone, which led me to use this element for all further transfection experiments. 

Therefore, all genes used for functional studies in B-CLL cells were cloned into a cassette 

vector containing CMV-LTR gene regulatory sequences.

Construction of the CMV-LTR cassette vector pCMV-LTR-poly:

pCMV-LTR-poly was designed as an expression vector containing the CMV-LTR 

promoter/enhancer element for use in B lymphocytes, allowing rapid subcloning of genes 

of interest. The parental plasmid pCMV-LTR-CAT (see chapter 2) was modified using 

standard molecular cloning techniques as described in Materials and Methods.

The construction of pCMV-LTR-poly involved removal of the CAT gene and 

adjacent SV40 sequences from pCMV-LTR-CAT followed by the insertion of polylinker 

sequences derived from plasmid pSP64. The polylinker sequences contain multiple 

restriction enzyme recognition sites for convenient subcloning (Figures 2.1; 2.2). Finally, 

SV40 sequences encoding poly A signal and nuclear processing were subcloned into 

pCMV-LTR-poly (Figure 3.2).

The CAT gene and adjacent SV40 sequences were excised firom pCMV-LTR-CAT 

as a Sph I - Eco RI fragment (Figure 3.1, step 1). Polylinker sequences together with 

surrounding plasmid DNA were recovered from plasmid pSP64 using the same enzymes 

and the 440 bp long fragment ligated with gel purified pCMV-LTR sequences obtained 

above (Figure 3.1, step 2). To remove residual plasmid DNA derived from pSP64, 

positive clones were digested with Pst I. Vector and unwanted pSP64 sequences were 

separated by gel electrophoresis, followed by re-ligation of the vector (Figure 3.1, step 3). 

Finally, single cutting enzymes suitable for cloning procedures were determined by
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restriction analysis (Figure 3.2). The resulting plasmid was named pCMV-LTR-poly after 

the CMV-LTR and polylinker sequences contained.

In order to compensate for missing or inadequate polyadenylation and nuclear 

processing signals in certain cDNA clones, a 150 bp Bam HI - Hpa I fragment containing 

the SV40 cleavage and polyadenylation signals was cloned into the Eco RI site, the 

restriction enzyme recognition site located at the 3' end of the polylinker of pCMV-LTR- 

poly (Figure 3.1, step 3). Due to the organization of the SV40 genome, polyadenylation 

and cleavage signals are encoded on both strands of this fragment allowing orientation 

independent insertion. pCMV-LTR-poly was digested with Eco RI and the ends of vector 

as well as insert converted to blunt ends. The SV40 fragment was ligated into the vector 

and positive clones identified by a unique Bsm I site located in the insert (Figure 3.2).

Design of the reporter gene containing plasmid pCMV-LTR-BZLFl:

Even purified lymphocytes consist of a mixture of cells. For transfection 

experiments using those cells it is therefore important to use appropriate techniques like 

double colour immunofluorescence to identify the cell population which is expressing the 

transfered genes. The most widely used gene to monitor transfection is the bacterial gene 

for 6-galactosidase (Sanes et al. 1986), but double staining techniques using this reporter 

gene are difficult and not always possible (see chapter 2). Recently, monoclonal antibodies 

recognizing the EBV open reading frame BZLFl gene product have become available 

(Young et al. 1991). The BZLFl gene product is located in the nucleus of infected B 

lymphocytes and not expressed in normal lymphocytes (Taylor et al. 1989). Thus, a 

BZLFl cDNA was inserted into pCMV-LTR-poly to create an expression vector for 

monitoring transfections and to perform double labeling studies to identify cells expressing 

the reporter gene (see chapter 2). A separate reporter gene containing vector rather than 

expression systems containing reporter gene and investigational sequences as one unit was 

designed to avoid possible interfCTence of reporter gene products with the gene of interest.
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The complete BZLFl coding sequence was excised from pSP64-EBl as a 875 bp 

Bam HI - Eco R I fragment and inserted into pCMV-LTR-poly digested with the same 

enzymes. A clone containing the correct insert was selected and the resulting plasmid 

pCMV-LTR-BZLFl tested by restriction analysis (Figures 2.3; 2.11).

Construction o f pCMV^LTR-myc:

As mentioned in the introduction, only exon 2 and exon 3 of the human c-myc gene 

are translated into protein (Battey et al. 1983). Exon 1 sequences and nucleotides located 

further upstream appear to be involved in transcriptional regulation. To achieve constitutive 

myc expression in transfected cells, these regions should be replaced by exogenous gene 

regulatory sequences to avoid down-regulation in transfected cells.

Exons 2 and 3 of the human c-myc gene were excised from the expression vector 

pMLV-myc (Lee et al. 1985) using the enzymes Xba I and Eco RI. The resulting 2.4 kb 

long fragment contains the complete coding sequence of the human c-myc gene including 

polyadenylation and cleavage signals. Following gel purification of the insert, pCMV-LTR- 

poly was also cut with Xba I and Eco RI. The c-myc fragment was then ligated with 

digested pCMV-LTR-poly leading to the formation of plasmid pCMV-LTR-myc (Figure 

3.4).

pCMV-LTR-myc was tested by restriction analysis (Figures 2.4; 2.11) and 

immunofluorescence staining using an anti-human c-myc antibody CT14-G4 on NIH3T3 

cells transfected with this plasmid. Murine NIH3T3 cells were chosen to avoid detection of 

endogenous myc protein by the anti-c-myc antibody. 48 hours after transfection high levels 

of human c-myc protein were detected in the nucleus of pCMV-LTR-c-myc transfected 

NIH3T3 fibroblasts (Figure 3.5). No staining was observed in untransfected cells and in 

fibroblasts transfected with pCMV-LTR-poly (not shown).

Construction o f pCMV-LTR-Ha-ras:

A genomic human Ha-ras clone derived from the bladder carcinoma cell line T24 

was used for the construction of the plasmid pCMV-LTR-Ha-ras. The coding sequences of
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the T24 derived activated ras gene differs from the normal human allele by a single point 

mutation resulting in the substitution of glycine to valine in codon 12 (Reddy et al. 1982, 

Santos et al. 1982). It has been demonstrated that this particular ras gene induces 

differentiation and has transforming properties when introduced into human B lymphocytes 

immortalized with EBV (Nasi et al. 1990).

Ha-ras sequences were excised from pSP64 as a 6.6 kb Bam HI fragment (Pulciani 

et al. 1982). pCMV-LTR-poly was also cut with this enzyme and Bam H I ends ligated. 

Positive clones were analyzed by restriction analysis with Xba I, an enzyme cutting in the 

polylinker sequence of pCMV-LTR-poly and in the 3' area of the Ha-ras gene (Figures 2.6; 

2.11). Clones with the Ha-ras inserted in sense orientation (5* 3' relative to the CMV-

LTR element) gave rise to fragments of 5.0 and 5.8 kb (Figures 2.6; 2.11). In contrast, 

Xba I digestion of clones containing anti-sense Ha-ras generated fragments of 8.9 and 

1.9kb (not shown). The full length of pCMV-LTR-Ha-ras was determined by linearization 

with Sea I (Figures 2.6; 2.11).

Transfection of murine NIH3T3 fibroblasts with mutated ras genes results in 

transformation of these cells (Cooper et al. 1980, Shih et al. 1979). In order to examine 

whether pCMV-LTR-Ha-ras was functional, this plasmid was transfected into NIH3T3 

cells. Focus formation occured after 10 days with typical morphology of ras-transformed 

NIH3T3 cells (Cooper et al. 1980, Shih et al. 1979). No transformation was observed in 

cells transfected with the control plasmid pCMV-LTR-poly (Figure 3.7), indicating that 

focus formation was due to the mutated Ha-ras sequences contained in pCMV-LTR-Ha- 

ras.

Design o f pCMV-LTR-fos:

The unaltered fos proto-oncogene is not able to transform cells. Transformation by 

fos is achieved when carboxy terminal fos sequences are removed leading to 

overexpression of fos and activation of its oncogenic potential (Verma 1986, Verma and 

Sassone-Corsi 1987, Wilson and Treisman 1988). The fos gene is highly conserved
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among species with more than 90% homology found between mouse and human fos (Van 

Straaten et al. 1983). Fos sequences carried in oncogenic viruses are truncated and 

therefore activated cellular fos genes (Van Beveren et al. 1983). For these reasons it was 

decided to use the viral fos gene for transfection experiments.

The complete v-fos gene was excised from plasmid pFBH-1 by partial digestion 

using a minimum amount of Bgl II, thereby avoiding cleavage of fos DNA at the internal 

Bgl II site (Van Beveren et al. 1983). Complete digests resulting in fos fragments of 0.6 

and 1.6 kb were distinguished from the 2.2 kb long partial digests containing the full length 

fos gene by gel electrophoresis. At the same time pCMV-LTR-polyA was cut with Bam HI 

and ligated with the Bgl II ends of gel purified 2.2 kb fragment. The orientation of fos 

inserts was determined by cutting insert containing clones with the enzyme Sal I. Digestion 

of constructs with the fos insert in sense orientation generated a fos fragments of 1.6 kb 

(Figures 2.8; 2.12), whereas antisense clones released a fragment of 0.6 kb (not shown). 

Linearization of pCMV-LTR-fos without interrupting the transcriptional unit was achieved 

with Kpn I, whereas digestion with Bgl II disrupted fos sequences (Figures 2.8; 2.12).

Construction o f pCMV-LTR-raf:

In contrast to the fos proto-oncogene, the 5' end of the raf proto-oncogene has to be 

truncated in order to become oncogenic (Rapp et al. 1988). Activated viral raf sequences 

have profound effects on murine B lymphocytes in vitro and in vivo, where the raf and c- 

myc genes cooperate in inducing transformation and differentiation (Klinken 1991). As the 

effects of activated full length cellular raf sequences on B lymphocytes have not yet been 

studied and only the viral raf gene was available, these sequences were used for 

transfection expaiments.

The viral raf gene was excised from the 3611-MSV provirus contained in plasmid 

p3611-MSV (Rapp et al. 1983) using the enzymes Bst EH and Bal I. The resulting 1.3 kb 

long fragment was gel purified and Bst EH ends filled in. Simultaneously, pCMV-LTR- 

polyA was digested with Sma I and blunt ends of the vector as well as the insert were
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ligated. Positive clones were identified by restriction analysis with the enzymes Pst I and 

Xho I. Double digestion using these enzymes resulted in fragments of 5.6 kb and 0.1 kb 

(not visible on agarose gels) when raf fragments were inserted in sense orientation into 

pCMV-LTR-polyA (Figures 2.9; 2.12). From anti-sense clones, a 1.1 kb Pst I - Xho I 

fragment was released after digestion (not shown). The predicted length of 5.7 kb of 

plasmid pCMV-LTR-raf was confirmed by linearization with Kpn I, cutting 5' of the 

CMV-LTR element and Xba I which cuts in the polylinker area (Figures 2.9; 2.12).

Design of pCMV-LTR-mos:

Although human and mouse mos proto-oncogenes are evolutionary conserved, the 

human c-mos will not transform fibroblasts even under regulation of very powerful 

promoters (Watson et al. 1982). As the transforming sequences contained in the mouse and 

viral mos genes but lacking in human mos sequences have not been determined in detail, 

the viral mos gene was used for gene transfer studies.

The viral mos gene was subcloned into pCMV-LTR-polyA using the following 

strategy. Plasmid pHT-74, containing the complete v-mos open reading frame, was 

digested with the restriction endonuclease Hind III which is located at the 3' end of the mos 

gene, followed by conversion of 5' overlapping termini to blunt ends. The cut plasmid was 

further digested with Xba I to release a 1.1 kb v-mos fragment. pCMV-LTR-poly was then 

opened with Xba I and Sma I followed by ligation of Xba I 5' overlapping termini and 

blunt ends of vector and mos insert. Positive clones were selected and the final plasmid 

pCMV-LTR-mos analyzed by using the enzyme Sac I. Sac I sites are located 5' of the 

CMV-LTR element and next to the 3' end of inserted mos sequences, generating fragments 

of approximately 2.6 and 2.8 kb after digestion (Figures 2.10; 2.12). The length of 

pCMV-LTR-mos was determined by linearizing the plasmid with Xba I and comparing the 

size of cut DNA with molecular weight markers following agarose gel electrophoresis 

(Figure 3.12).
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Step 2: A 440 bp long SphI - Eco RI pSP64 fragment containing complete 
polylinker sequences and approximately 300 bp adjacent plasmid DNA were 
ligated with sequences obtained in step 1.
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step 3: Residual pSP64 sequences were removed from the intermediate 
construct obtained in step 2 by digestion with Pst I. Plasmid ends were re-ligated 
to produce the CMV-LTR cassette vector pCMV-LTR-poly.

Figure 3.1: Construction of pCM V-LTR-poly.
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Figure 3.2: Restriction maps and gel-electrophoretic analysis of plasmids 
pCM V-LTR-poly and pCM V-LTR poly A.

A.: Maps of pCMV-LTR-poly and the polyA signal (SV40) containing plasmid pCMV-LTR-polyA 
are displayed.
B.: Agarose gel electrophoresis of the plasmids digested with single cutting enzymes generating 
a single band and Sac I which cuts 5' and 3' of the CMV-LTR element. pCMV-LTR-polyA contains 
an additional Bsm I site in the SV40 polyadenylation signal, but the Eco RI site located in the 
polylinker area was destroyed during the cloning procedure (see Results and Discussion).
MW Marker: molecular weight marker. Size is indicated in kb.
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Figure 3 .3: M ap of plasmid p C M V -L T R -B Z L F 1 .

For construction of the reporter gene containing construct pCMV-LTR-BZLF1, the EBV open 

reading frame BZLF1 was Inserted into the polylinker area of pCM V-LTR-poly as a 875 bp Bam H I 

and Eco RI fragment.
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Figure 3 .4: Plasmid map of pC M V-LTR -c-m yc.

The human c-myc gene was subcloned into pCMV-LTR-poly as a 2.4 kb Xba I - Eco RI fragment. 

The cellular c-myc polyadenylation and cleavage signals are located 3' of the Nsi I site indicated. 

This plasmid can be linearized without disturbing the transcriptional unit using the restriction 

endonuclease Kpn I ( see also Figure 3.11).
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Figure 3 .5: Myc expression of transfected N IH 3T3 fibroblasts.

NIH3T3 cells were transfected with pCMV-LTR-c-myc. After 48 hours culture, transfected cells 
expressing human c-myc were detected by indirect immunofluorescence staining of cytospin 
preparations using anti-c-myc antibody CT14-G4, which is specific for human c-myc (Evan et al. 
1985).
a: Myc expressing cells show nuclear staining, 
b: Phase contrast of the same microscopic field.
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Figure 3.6: Plasmid map of pC M V-LTR -H a-ras .

A genomic clone of an activated human Ha-ras gene was inserted as a 6.6 kb Bam HI fragment into 

pCMV-LTR-poly. Xba I was used to determine the orientation of the insert, (see also Figure 3.11).
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pCMV-LTR-Ha-ras control

Figure 3.7: N IH 3T3 fibroblasts transfected with p C M V -LTR -H a-ras  after 10 
days in culture.

To test the transforming potential of this ras expression vector, NIH3T3 cells were transfected with 

pCMV-LTR-Ha-ras and pCMV-LTR-poly as control. While control cells displayed contact inhibition, 

ras transformed fibroblasts continued to grow, piling up from the confluent monolayer of cells.
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Figure 3 .8: M ap of plasmid pC M V-LTR -fos.

A 2.2 kb Bgl II fragment containing the complete coding sequence for the viral fos gene was 

inserted into the Bam HI site of pCMV-LTR-polyA. The orientation of the fos gene insert was 

determined by digestion of the construct with Sal I, resulting in a fos fragment of 1.6 kb. Bgl II, a 

non-cutting enzyme for pCMV-LTR-poly, was used to identify clones containing the fos gene. 

This expression vector can be linearized with Kpn I, cutting 5' of the CMV-LTR element (see also 

Figure 3.12)
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Figure 3.9: Plasmid map of pCM V-LTR-raf.

The viral rat gene was inserted into the Sma I site of pCMV-LTR-polyA by blunt end ligation. 

Sense orientation of the raf gene was confirmed by double-digestion of the construct with Xho I 

and Pst I, generating fragments of 5.6 and 0.1 kb. (see also Figure 3.12). Linearization of this 

plasmid was achieved by digestion with Kpn I (Figure 3.12)



19

Sac
Kpn I

CM V-LTR

pCMV-LTR-mos
5400 bp

Ago I 
Pst I 
Sail 
Acc I 
Mine I 
XbalpUC

v-m os
SV40

SacI

Figure 3.10: Plasmid map of pCM V-LTR-m os.

The viral mos gene was subcloned Into pCMV-LTR-polyA as a 1.1 kb Xba I - Sma I fragment after 

modification of ends. Linearization of the plasmid with Xba I and Sac I confirmed the predicted 

length of the construct (see also Figure 3.12.).



120

I o
m

1 1 1

pCMV-LTR-c-myc pCMV-LTR-Ha-ras pCMV-LTR-BZLF1

Figure 3 .11: Restriction analysis of plasmids pCM V-LTR-c-m yc, pC M V-LTR - 
Ha-ras and p C M V -L T R -B Z L F I.

pCMV-LTR-c-myc: Double digestion with Xba I and Eco RI released the 2.4 kb c-myc insert 

from the expression vector. The plasmid was linearized using the enzymes Xba I and Kpn I, cutting 

polylinker sequences and 5’ of the CMV-LTR element, respectively (Figure 3.4). 

pCMV-LTR-Ha-ras: Genomic Ha-ras sequences were excised by cutting with Bam HI. Sense 

orientation of the ras gene was confirmed by digestion of the construct with Xba I, resulting in 

fragments of 5.8 and 5.0 kb (Figure 3.6). pCMV-LTR-Ha-ras can be linearized with Sea I without 

disrupting the transcriptional unit.

pCMV-LTR-BZLFI: The reporter plasmid pCMV-LTR-BZLF1 was analyzed using double

digestion with EcoRI and Bam HI, releasing the BZLF1 open reading frame. The predicted length 

of the plasmid was confirmed by linearization with Xba I (Figure 3.3)

MW Marker; Molecular weight marker. Size of fragments is given in kb.
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Figure 3 .12: Restriction analysis of plasmids pC M V-LTR-fos, pC M V-LTR -raf 
and pCM V-LTR-m os.

pCMV-LTR-fos: The correct orientation of the fos gene with regard to the CMV-LTR element 

was examined by cutting the plasmid DNA with Sal I, generating a fos fragment of 1.6 kb. Bgl II as 

an enzyme cutting only within the fos gene was used to identify clones containing the insert. A 

single Kpn I site 5' of the CMV-LTR element was used for linearization (Figure 3.8) 

pCMV-LTR-raf: Raf constructs were analyzed for correct orientation and proper length of the 

insert. Double-digestion of clones containing the raf gene In sense orientation with Xho I and Pst I 

generated two fragments of 5.7 kb and 0.1 kb (not visible on agarose gels). The length of the 

plasmid was confirmed by digestion with Pst I alone and by Kpn I, cutting 5' of the transcriptional 

unit (Figure 3.9)

pCMV-LTR-mos: The mos expression plasmid was tested by digestion with the single cutting 

enzyme Xba I, giving rise to a band of 5.4 kb. Two fragments of approximately 2.6 kb and 2.8 kb 

were obtained when Sac I was used (Figure 3.10).

MW Marker; Molecular weight marker. Size of fragments is indicated in kb.
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Conclusions:

In this chapter I have discussed the rationale for assessing the effects of oncogenes 

in B-CLL by gene transfer and described the design of five expression vectors suitable for 

such transfection studies. Of the final oncogene expression vectors prepared, the c-myc 

oncogene seemed likely to be the most informative following gene transfer experiments as 

chromosomal translocations involving the c-myc locus as well as deregulated c-myc protein 

levels are found in several B lineage neoplasias (Cole 1986). Transfection studies using 

human EBV transformed B cell lines also provide evidence for a role of the Ha-ras gene in 

B lymphocytes (Nasi et al. 1990, Seremetis et al. 1989). Both genes were subcloned into a 

vector containing the powerful CMV-LTR gene regulatory sequences and tested for 

expression and function in NIH3T3 cells. The availability of multiple vectors also allows 

the effects of oncogene cooperation to be studied. The hypothesis that more than one gene 

is involved in the generation of some B cell malignancies is supported by experiments with 

transgenic mice, where overexpression of the c-myc gene in B lymphocytes was achieved 

using tissue specific gene regulatory elements (Adams et al. 1985). Although 

overexpression of c-myc leads to B cell tumours the overall frequency is low. Up to 100- 

fold greater frequencies were obtained when c-myc overexpressing cells were co

transfected with other oncogenes (Adams and Cory 1991, Alexander et al. 1989a, 

Alexander et al. 1989b).

Finally, a reporter gene containing plasmid was constructed to monitor transfection 

efficiency and to identify individual gene expressing cells following gene transfer.

Experiments using these expression vectors and the effects of individual genes on 

B-CLL cells following gene transfer are described in chapter 4.



Chapter 4:

Effects of Oncogene Transfection 
on the Monoclonal B Lymphocytes

of B-CLL.
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Introduction:

Chromosomal abnormalities resulting in activation of potentially transforming genes 

are frequently detected in a variety of B cell neoplasias (Klein 1983, Korsmeyer 1992b). 

Despite intensive investigation, our understanding of the exact contribution of these and 

other genes to the development of B cell neoplasia and their role in normal B lymphocyte 

growth and activation is fragmentary at best So far, studies at the molecular level in B cells 

have concentrated on observing Ig gene rearrangement patterns, or in a few instances, 

expression levels of nuclear proto-oncogenes following mitogenic activation. Our limited 

knowledge of gene function in B cells is in part due to the fact that primary B lymphocytes 

are unusually refractory to commonly used gene transfer and expression techniques. In the 

previous chapters a method for transfer of genetic elements and the design of a series of 

expression vectors suitable for B lymphocytes was described, allowing study of the effects 

of individual genes on cell activation, proliferation and differentiation in normal and 

malignant B lymphocytes.

Even with efficient transfection procedures and suitable expression vectors at hand 

one further problem remains in studying these phenomena in B cells. B lymphocytes are 

relatively infrequent in normal peripheral blood, representing only 5% -15% of the 

lymphoid cells. For this reason, the number of B lymphocytes available for studies is 

restricted and complex cell separation techniques would have to be applied to obtain pure 

material. Although much larger B cell numbers can be purified from other sources such as 

tonsils, the separated B lymphocyte population is physically heterogoieous: small resting B 

lymphocytes and large activated B cells can be obtained by density gradient centrifugation 

(Aman et al. 1984). These physically heterogeneous cells also differ substantially in their 

biological function and response to external signals. For example, separated small and large 

B lymphocyte populations display different reactions to IL-2 (Nakagawa et al. 1986) and 

only small resting, but not large pre-activated cells can be infected and immortalized by 

EBV (Aman et al. 1984).
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By contrast, the malignant B lymphocytes circulating in the peripheral blood of 

patients with B-CLL form a homogeneous, monoclonal lymphocyte population arrested at a 

relatively mature stage of B cell differentiation (Dighiero et al. 1991, Greaves 1986): Ig 

heavy and light chain genes are rearranged (Foroni et al. 1987) and intracellular Ig as well 

as surface IgM are frequently detected (Caligaris-Cappio and Janossy 1985, Freedman and 

Nadler 1990). More advanced stages of the disease are characterized by extremely high 

white blood cell counts with >95% of the peripheral blood cell population consisting of 

malignant B-CLL cells (Dighiero etal. 1991). Following cell separation, up to 10̂  highly 

purified B-CLL cells can be obtained from a single 20 ml peripheral blood sample from a 

patient diagnosed with Rai stage II  or higher. High yields of purified lymphocytes and 

homogeneity of the cell material were the main reasons why I decided to initiate transfection 

studies using B lymphocytes derived from patients with B-CLL.

Although the neoplastic cells of B-CLL are restricted in their response to external 

stimuli, activation with powerful mitogens such as the phorbol ester TPA, induces an 

intracellular activation cascade (Drexler et al. 1988, Drexler et al. 1987) resulting in 

transcription of nuclear proto-oncogenes c-myc, c-jun and c-fos (Drexler et al. 1989, 

Gignac et al. 1990b, Larsson et al. 1987, Murphy et al. 1990) within hours after 

stimulation. Hiese alterations at the molecular level are followed by morphological changes 

within a period of 2 to 3 days: B-CLL cells increase in size upon mitogenic activation in 

vitro and Igs are secreted into the tissue culture medium (Drexler et al. 1988, Drexler et al. 

1987, Tôtterman et al. 1980). However, this approach does neither allow to determine 

whether induction of nuclear transcription factors such as c-myc and c-fos is indeed both 

critical and sufficient for B-CLL cell activation, nor if the respective gene products in turn 

initiate further events resulting in the observed changes. Transfer and expression of the 

relevant genes would be one way to address these points.

The gene transfer experiments which follow were intended to study the effects of 

oncogenes inserted into a eukaryotic expression vector (described in Chapter 3) on the 

malignant lymphocytes of B-CLL. I aimed initially to identify constructs or combinations
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which were able to convert Go arrested B-CLL cells into continuously growing cell lines. 

Subsequently, a series of experiments was designed to study in more detail the effects in B- 

CLL of one transfected construct which contained the c-myc proto-oncogene. C-myc was 

chosen because it appears to be an important gene in regulating B lymphocyte growth (Cole 

1986, DePinho et al. 1991). Activation of the c-myc gene is found at high frequency in 

certain B cell malignancies such as Burkitt's lymphoma (Dalla-Favera et al. 1982a, Klein 

1983), and myc gene transfer results in neoplastic transformation of EBV immortalized B 

cell lines (Lombardi et al. 1987). Expression of the c-myc gene is not found in the Gq 

arrested lymphocytes of B-CLL (Greil et al. 1991), unless the cells are activated with 

stimuli such as the phorbol ester TPA (Drexler et al. 1989, Larsson et al. 1987, Larsson et 

al. 1991, Murphy et al. 1990).

In the course of the transfection studies with the c-myc proto-oncogene described in 

the present chapter, I found that transfected c-myc enhanced B-CLL cell survival in vitro, 

produced phenotypic changes and induced secretion of IFN-y at high levels. As I will 

discuss, the interaction between c-myc and IFN-y may have significant consequences for 

the survival of the malignant cells of patients with B-CLL.
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Materials and Methods:

Unless indicated, materials and reagents from the same manufacturers as detailed in 

the previous chapters were used.

B-CLL patients:

Peripheral blood samples containing preservative free heparin were obtained from 

14 B-CLL patients. Diagnosis was based on clinical, morphological and immunological 

criteria. None of the patients received treatment with cytotoxic drugs for at least 3 months 

prior to blood collection.

Samples were diluted 1:1 with RPMI 1640 and mononuclear cells were separated 

by Ficoll-Hypaque density gradient centrifugation. Mononuclear cells contained in the 

interface were processed further as described in the Materials and Methods section of 

chapter 2. Purified cells were resuspended at a final concentration of 2 x 10̂  cells/ml in 

RPMI supplemented with 10% heat inactivated PCS, 100 I. U. penicillin, 100 jag/ml 

streptomycin and 2 mM L-glutamine. Prior to electroporation, cells were cultured for 5 

days at ST̂ C in a humidified atmosphere containing 5% CO2.

Cell purity was evaluated by indirect immunofluorescence staining as detailed in 

chapter 2. The following monoclonal antibodies were used: BC3 (CD19), BLla (CD5), 

SPVT3b (CD3), 6F10.3 (CD2) and RM052 (CD14); all antibodies were purchased from 

AMAC, Westbrook, ME, USA. Bound antibodies were visualized with FITC conjugated 

goat anti-mouse isotype specific antisera (Jackson Immunoresearch Laboratories Inc., West 

Grove, PA). Stained cells were examined by fluorescence microscopy. All preparations 

used for transfection studies contained >90% CD19+, >90% CD5^ B-CLL cells and less 

than 2% residual CD2+ T lymphocytes and NK cells as well as CD14+ monocytes.

Electroporation:

Between 30% - 40% trypan blue positive cells were observed after 5 days in 

culture. In order to remove dead cells and debris, B-CLL lymphocytes were washed 4
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times with ice-cold RPMI. The pellet was resuspended in ice-cold growth medium 

containing 10% PCS, and trypan blue excluding cells counted again in a haemocytometer: 

cell viability was in the range of 80% - 90% after 4 washes. The concentration was 

adjusted to 4 x 10̂  viable cells /ml medium and 0.25 ml cell suspension transfered to 

electroporation cuvettes (GIBCO-BRL). Cesium chloride purified, linearized plasmid DNA 

was added at a final concentration of 200 pg/ml, followed by gentle mixing of the 

suspension. Cells were then electroporated with a BRL Cell Porator (GIBCO-BRL) at a 

capacitance of 800 pFarrad and 250 Volts (see Materials and Methods section of chapter 2). 

After a 10 min incubation on ice, 0.25 ml transfected cells were resuspended in 4 ml 

growth medium supplemented with 10% PCS, antibiotics and L-glutamine, resulting in a 

final concentration of approximately 1x10^-1.5x10^ viable cells/ml, and incubated at 

370C/5% CO2.

Expression vectors:

Construction and details of plasmid based expression vectors used for transfection 

studies are presented in chapter 3.

Plasmids pCMV-LTR-c-myc, pCMV-LTR-fos, pCMV-LTR-raf containing 

transforming c-myc, v-fos and v-raf sequences, respectively, were digested with the 

restriction endonuclease Kpn I. pCMV-LTR-ras and pCMV-LTR-mos were linearized with 

Sea I to facilitate integration of transfected constructs (Weintraub et al. 1986). For this 

purpose, approximately 5(X) pg plasmid DNA was digested with restriction enzymes for 2 

hours at 37^C, followed by phenol/chloroform extraction of proteins and ethanol 

precipitation of the nucleic acids as described in the Materials and Methods section of 

chapter 3. Plasmids were resuspended to a final concentration of 1 mg/ml in TE buffer. An 

aliquot of approximately 100 ng was analysed by agarose gel electrophoresis (chapter 3) to 

confirm linearization and integrity of the DNA.
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Determination o f transfection efficiency:

The efficiency of transfection was assessed by electroporating B-CLL cells with 50 

pg supercoiled plasmid pCMV-p (MacGregor and Caskey 1989). As mentioned in chapter 

2, this expression vector contains the bacterial P-galactosidase reporter gene. After 24 

hours in culture, cells were harvested and dead cells removed by Ficoll-Hypaque 

centrifugation. Interface cells were harvested, washed twice in PBS and 2 - 3 x 10̂  cells 

centrifuged onto glass slides (Shandon Cytospin 3). p-galactosidase expression in viable 

lymphocytes was detected using the histochemical procedure described in chapter 2. 

Positive cells were identified by standard light microscopy.

Feeder layer cultures fo r transformation experiments:

B-CLL cells transfected with various constructs were incubated for 48 hours at 

37®C 5% CO2 in RPMI containing 10% PCS,antibiotics and L-glutamine at a starting 

concentration of 1 - 1.5 x 10̂  viable cells/ml. Dead cells were then removed by Ficoll- 

Hypaque density gradient centrifugation. Viable cells contained in the interface were 

washed twice with RPMI and resuspended in medium containing 10% PCS plus 

peniciUin/streptomycin/L-glutamine before they were placed on different feeder layers.

Three different feeder layer types were used in the course of the studies: y-irradiated 

MRC-5 lung fibroblasts, y-irradiated human lymphocytes and human bone marrow stroma 

cells.

MRC-5 fibroblasts (obtained from the American Type Culture Collection (ATCC), 

Rockville, MD, USA) were propagated in RPMI supplemented with 10% PCS and 

penicillin/streptomycin/L-glutamine. For transfection experiments, adherent fibroblasts 

were detached by treatment with trypsin (Whittaker Bioproducts Inc). Approximately 0.5 x 

10  ̂cells in a volume of 1(X) jil medium were transfered to 96-well round bottom tissue 

culture plates (Costar, Cambridge, MA, USA) 48 hours before electroporation of B-CLL 

cells. Twenty-four hours before transfection, MRC-5 cells were irradiated with a y-ray 

emitting ^̂ ĉesium source at 2000 cGy (750 cGy per minute) and further incubated at 

37^C. Between 100 - 1000 viable electroporated B-CLL cells in a volume of 100 pi were
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dispensed into each well. In a typical experiment, 96 wells were used for every transfected 

single construct or combination. Cells were fed by replacing 50% of the medium every 3 to 

5 days.

For preparation of human lymphocyte feeder layer cultures (Coligan et al. 1991), 

100 ml peripheral blood from normal individuals was diluted 1:1 with RPMI. Mononuclear 

cells were obtained by Ficoll-Hypaque centrifugation and monocytes depleted by adherence 

to plastic for 90 min. (see chapter 2). Purified cells were washed twice in RPMI and 

resuspended to a concentration of 2 x 10̂  cells/ml in RPMI containing 10% FCS plus 

antibiotics and L-glutamine. Lymphocytes were irradiated using identical conditions as for 

MRC-5 lung fibroblasts. Following y-ray treatment, 5 x 10  ̂cells in a volume of 100 pi 

medium containing 10% FCS were dispensed into 96-well round bottom tissue culture 

plates (Costar) and incubated for 24 hours at 37®C/5% C02 before 100 -1000 transfected, 

viable B-CLL cells in 100 pi medium were added to each well. Again, 1 plate was used for 

every condition.

Bone marrow stroma cells were prepared as described (Dexter et al. 1984, Manabe 

et al. 1992), with modifications: bone marrow samples from healthy individuals were 

diluted with RPMI at a ratio of 1:4 and mononuclear cells enriched by Ficoll-Hypaque 

centrifugation. Following 3 washes in RPMI, cells were resuspended at a final 

concentration of 1 x 10̂  cells/ml in Fisher's medium (GIBCO, Grand Island, NY, USA) 

which was supplemented with 2 mM L-glutamine (Whittaker Bioproducts), 15% heat- 

inactivated horse serum (GIBCO), 5% heat-inactivated FCS (Whittaker Bioproducts), 10^ 

M hydrocortisone (Sigma), 10“̂  M 2-mercaptoethanol (Sigma), 400 mg/1 transferrin 

(Sigma) and penicillin/streptomycin (100 I.U./ml; 100 pg/ml, respectively; Whittaker 

Bioproducts). Ten ml cell suspension was dispensed into T25 tissue culture flasks (Nunc) 

and incubated in a humidified atmosphere at 33®C/5% CO2. Every 3 days, 50% of the 

medium was replaced with fresh Fisher's medium containing supplements. A confluent cell 

layer was usually observed after 4 weeks. Seven days before B-CLL cell transfection, bone 

marrow stroma cells were trypsinized to obtain a single cell suspension, followed by 2
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washes in Fisher's medium without additives. The pellet obtained from one flask was 

resuspended in 25 ml Fisher's medium plus additives and 1 ml aliquots distributed into a 

24-well tissue culture plate (Costar) and placed at 33®C/5% CO2 for 1 week. Shortly before 

transfer of transfected B-CLL cells on the now confluent stroma cell layer, Fisher's 

medium was removed and stroma cells rinsed four times with RPMI. Approximately 10̂  

viable, electroporated B-CLL cells were added to the bone marrow stroma in a total volume 

of 2 ml RPMI containing 10% FCS and penicillin/streptomycin/L-glutamine. Plates were 

incubated at 37®C/5% CO2 to provide good growth conditions for B-CLL cells. Every 3 -5  

days approximately 50% of the supernatant was removed gently and replaced with fresh 

RPMI supplemented with 10% FCS, penicillin/streptomycin and L-glutamine. Whenever 

possible, duplicate wells were set up for each transfection condition.

Viability counts after c-myc transfection:

Cells numbers of samples transfected with pCMV-LTR-c-myc and the control 

plasmid pCMV-LTR-poly were first determined 2 hours after transfection and then at 24 

hour intervals. Electroporated B-CLL cells were counted in triplicates in a haemocytometer 

in the presence of 0.25 % trypan blue (Sigma) to distinguish viable cells.

Cell proliferation analysis:

The proliferative activity of B-CLL cells electroporated with the c-myc vector and 

control plasmid pCMV-LTR-poly was compared 24,48 and 72 hours after transfection. In 

order to distinguish different proliferating cell types, a technique allowing double labeling 

of cell cycle associated markers and surface antigens was used (Campana et al. 1988). This 

method is based on incorporation of the thymidine analogue 5-bromo-2'-deoxyuridine 

(BrdU) into the DNA by proliferating cells. Incorporated BrdU is detected with specific 

monoclonal antibodies. Simultaneously, monoclonal antibodies recognizing cell surface 

associated antigens can be applied to identify the subset of cells which is proliferating.

Transfected cells were adjusted to a final concentration of 1 x 10̂  cells/ml and 

transfered to 24 well tissue culture plates (Nunc). Filter sterilized BrdU (Sigma) in PBS
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was added to the cultures at a final concentration of 10 jiiM. Cells were incubated for 4 

hours at 37®C/5%C02 before harvest. Following two washes in PBS A, cells were stained 

with CD 19 antibody of IgM subclass (clone ABl) for 10 min at 20^C, washed twice in 

PBSA and incubated with FITC conjugated goat anti-mouse IgM specific antiserum 

(Jackson Immunoresearch Laboratories) for another 10 min at 20^C. Cells were washed in 

PBSA and approximately 2x10^ stained cells centrifuged on slides (Shandon Cytospin 3). 

Air-dried cytospin preparations were fixed in methanol for 30 min at 4®C. Debris resulting 

from the fixation was removed by two washes in PBS and slides incubated for 30 min with 

the recommended amount of BrdU monoclonal antibody (IgGi subclass; Amersham). 

Unbound Ig was removed by two washes in PBS for 5 min and antibody attached to 

incorporated BrdU visualized by incubation with RITC conjugated isotype specific goat 

anti-mouse anti serum (Southern Biotechnology). After two washes in PBS, slides were 

mounted and examined by fluorescence microscopy. Cells of the promyelocytic leukaemia 

line HL-60 (obtained from ATCC) were set up in parallel to lymphocyte cultures, serving 

as positive control for the proliferation assay.

Analysis of phenotypic changes after c-myc transfection:

B-CLL cells were analyzed for phenotypic changes 72 hours after transfection. 

pCMV-LTR-c-myc transfected and cells electroporated with pCMV-LTR-poly were stained 

with a panel of monoclonal antibodies. Surface antigen expression of myc transfected and 

control cells was compared by flow cytometry. The following monoclonal antibodies were 

used for phenotypic characterization: BC3 (CD 19), 6F10.3 (CD2, also termed leukocyte 

function associated antigen-2 (LFA-2)), BLla (CD5), B 1.49.9 (CD25, the low affinity 

receptor for IL-2), 25.3 (C D lla , LFA-1), AICD 58 (CD58, LFA-3), 84 410 (CD54, 

ICAM-1: intercellular adhesion molecule-1); all antibodies were purchased from AMAC. 

HLA-DR was detected using DK22 monoclonal antibody (Dako Corporation, Carpinteria, 

CA, USA). Isotype-matched nonreactive monoclonal antibodies (Beckton Dickinson, San 

Jose, CA, USA) were used as control.



133

For antibody staining, 1.5 x 10̂  myc transfected and control cells were purified by 

Ficoll-Hypaque gradient centrifugation after 72 hours in culture. Following two washes in 

PBSA, 1 X 10̂  viable cells were transfered to 4 ml centrifuge tubes (Falcon # 2052, 

Beckton Dickinson, Lincoln Park, NJ, USA) and incubated for 10 min at 20®C with mouse 

anti-human monoclonal antibodies using the amount recommended by the manufacturer. 

Excess antibody was removed by two washes with PBSA. Fifty pi of a 1:100 dilution of 

FITC conjugated isotype specific goat anti-mouse antiserum (Jackson Immunoresearch 

Laboratories) were added to the pellet, followed by incubation for 10 min at 20®C. After 

two washes in PBSA, cells were resuspended in 0.5 ml ice-cold 0.5% para-formaldehyde 

(Sigma) and stored at 4^C protected from light. Para-formaldehyde solution was prepared 

by heating 0.5 g para-formaldehyde in 100 ml PBS for approximately 1 hour at 65®C and 

filtering through 0.45 pm.

Stained cells were analyzed with a FACS-Scan flow cytometer (Beckton Dickinson) 

using Lysis II software (Beckton Dickinson). Flow cytometry was carried out by Dr. Dario 

Campana and Ms. Elaine Coustan-Smith. In some experiments samples were examined in 

parallel by fluorescence microscopy and flow cytometry.

Expression of cytoplasmic Ig was evaluated on cytospin preparations of Ficoll- 

Hypaque purified transfected cells. Air dried slides were fixed for 30 min at 4®C in 

methanol and washed for 5 min in PBS. Slides were incubated for 30 min at 20^C with 50 

pi of a 1:100 dilution of RITC conjugated goat anti-human Ig anti serum (Southern 

Biotechnology) followed by two washes for 5 min in PBS. Preparations were mounted in 

PBS/glycerol 1:1 and examined by fluorescence microscopy.

RNA extraction from transfected cells:

RNA was extracted 72 hours after transfection of B-CLL cells. Total cellular RNA 

was purified as described (Sambrook et al. 1989), with minor changes. Between 1 - 5 x 

10̂  cells were harvested, washed 4 x with ice-cold PBS and transfered to sterile 1.5 ml 

microfiige tubes. Cells were sedimented for 4 min at 600 x g and the supernatant aspirated
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completely. The pellet was resuspended with 200 jul lysis solution (150 mM NaCL, 10 mM 

Tris pH 7.5, 1 mM MgCI], 0.1% Triton X-100; Sigma, and 10 mM ribonucleoside 

vanadyl complex; New England Biolabs) by vigorous pipetting followed by incubation on 

ice for 5 min. Nuclei and cellular debris were pelleted by centrifugation at 11000 x g for 2 

min and cytoplasmic RNA containing supernatant was transfered to a fresh sterile 

microcentrifuge tube. RNase and other proteins were destroyed by digestion with 

proteinase K: 20 pg proteinase K (Boehringer, Mannheim) in 200 pi of a buffer containing 

0.2 M Tris pH 8.0, 25 mM EDTA, 0.3 M NaCl and 2% SDS (all reagents from Sigma) 

were added, the solution was mixed by vigorous pipetting and incubated for 30 min at 

37^C. Proteinase K was inactivated by repeated phenol extraction (see chapter 3) and 

precipitation of the aqueous phase with 400 pi cold (4^C) 2-propanol. The RNA/alcohol 

mixture was placed on ice for 30 min and RNA recovered by centrifugation at 11000 x g 

for 30 min. The pellet was washed with 70% ethanol and air dried. RNA was resuspended 

in 200 pi DNase buffer (50 mM Tris pH 7.8, 1 mM EDTA, 10 mM MgCh, 10 mM 

dithiothreitol (DTT); all reagents from Sigma, 10 mM ribonucleoside vanadyl complex), 

followed by the addition of 50 U RNase-free DNase (Boehringer Mannheim) in order to 

destroy plasmid DNA residing in the cytoplasm. After 60 min incubation at 37®C, DNase 

activity was inhibited by the addition of EDTA and SDS to a final concentration of 10 mM 

and 0.2%, respectively. Proteins were extracted with phenol/chloroform followed by 

precipitation of RNA with 0.3 M sodium acetate and 2.5 volumes ethanol. After incubation 

for 30 min on ice, RNA was sedimented by centrifugation at 11000 x g for 30 min. The 

pellet was washed with 70% ethanol and air dried. RNA was resuspended in 100 - 200 pi 

sterile H2O (depending on the amount recovered), the concentration determined with a 

spectrophotometer and the solution stored at -70®C until use. RNA extracted from the 

human pre-B cell line Nalm-6 (obtained from ATCC) as described above, served as control 

for c-myc expression.
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Slot blot analysis of RNA:

Depending on the yield after extraction, between 100 to 500 ng RNA per slot were 

applied by gentle suction onto nylon membrane filters (NYTRAN, Schleicher & Schuell, 

Keene, NH, USA) using a slot blot nucleic acid transfer apparatus (BioRad, Richmond, 

CA, USA). RNA was transfered onto membrane filters following a published protocol 

(Sambrook et al. 1989) with minor modifications. Prior to transfer, RNA samples were 

denatured for 10 min at 65®C in 6 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium citrate 

pH 7.0), and 7% formaldehyde (Sigma) in a volume of 100 pi and subsequently placed on 

ice for 5 min. Nylon filters were rinsed with 1 ml 10 x SSC per slot and cooled samples 

loaded into openings of the manifold. RNA was transfered onto membranes by gentle 

suction followed by passage of 2 x 1 ml 10 x SSC through the filter. Membranes were 

removed from the transfer apparatus and rinsed briefly in 3 x SSC. Wet filters were 

exposed to UV light to bind RNA to the nylon membranes using a UV crosslinking device 

at the settings recommended by the manufacturer (Stratagene, La Jolla, CA, USA). Air 

dried filters were stored at -20^C until use.

In order to prevent non-specific binding of probes, membranes were pre-hybridized 

with gentle agitation for at least 4 hours at 65®C in a small lunch box containing 

approximately 20 ml hybridization solution without radiolabeled probes (see below). 

Hybridization solution consisted of 5 x Denhardt's (1 x Denhardt's: 0.02% ficoll, 0.02% 

BSA, 0.02% polyvinylpyrrolidone), 10% dextran sulphate, 1% SDS, 3 x SSC and 100 

pg/ml denatured salmon sperm DNA (all reagents from Sigma). Approximately 5 x 10̂  

counts per minute (cpm) boiled nick-translated probe (see below) were added per ml 

hybridization solution, followed by hybridization for 16 hours at 65®C with agitation. 

Hybridization solution was discarded and excess probe removed by washing filters twice at 

20®C in a large volume of 3 x SSC/0.1 % SDS, followed by two washes each for 20 min at 

650c in 3 X SSC/0.1 % SDS, 1 x SSC/ 0.1% SDS and 0.1 x SSC/0.1 % SDS. Wet 

membranes were sealed into plastic bags and exposed to Fuji RX X-ray film (Fisher
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Scientific, Pittsburgh, PA) at -70^C using intensifying screens (Dupont Cronex lightning 

plus. Sigma) for 1 - 5 days.

Probes were removed by treating filters with boiling H2O for 2 x 10 min with 

shaking. Successful stripping was confirmed by autoradiography overnight. Membranes 

were subsequently reprobed with other cytokine DNA inserts. P-Actin was used as the last 

probe for hybridization to compare the amount of RNA transfered to the membrane.

Radiolabeling of probes by nick-translation:

DNA probes were radiolabeled to high specific activity using the nick translation 

procedure (Rigby et al. 1977) with a commercially available kit (Amersham N 5000 nick- 

translation kit, Amersham Life Science). ^^P-labeled deoxy-nucleotides were incorporated 

into purified DNA inserts as follows: 100 ng DNA were adjusted to 12 pi volume with 

H2O, mixed with 0.5 pi BSA (20 mg/ml; Boehringer Mannheim), 4.0 pi labeling buffer 

(kit component, contains unlabeled deoxy-nucleotides), 2.0 pi ^^P-a dCTP (3000 

Ci/mmol, Amersham) and 1.5 pi enzyme mixture (kit component, consists of E. coli DNA 

polymerase and DNase I). The reaction was allowed to proceed for 90 min at 15®C before 

an equal volume of stop solution (10 mM Tris pH 7.5, 0.1% SDS, 25 mM EDTA, all 

Sigma) was added. Unincorporated nucleotides were removed by gel filtration 

chromatography (Sambrook et al. 1989): the piston of a 1 ml disposable syringe was 

removed and a cotton plug inserted into the barrel. The plugged syringe was filled with 0.9 

ml Sephadex G-50 (Pharmacia, Piscataway, NJ, USA), which was previously equilibrated 

in TE buffer. The nick translation mixture was loaded onto the column, and the labeled 

DNA eluted with 1 ml TE buffer (Sambrook et al. 1989). Fractions of 100 pi were 

collected and the samples containing the probe identified as the first peak of radioactivity 

eluted from the column. Fractions containing the labeled probe were pooled and activity 

determined by liquid scintillation counting (Beckman Instruments). Finally, the probe was 

boiled for 10 min, chilled on ice for 5 min and stored at -20®C until use.
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DNA probes:

To minimize non-specific binding and to reduce background, only gel purified 

DNA probes excised from their respective plasmid vectors were used for hybridization. 

Relevant techniques for purification of probes are detailed in the Materials and Methods 

section of chapter 3.

Probes for human cytokines IL -ip , IL-4 and IL-6, inserted into plasmid pGEM-1 

(Promega, Madison, W I, USA), were a gift of Dr. E. Kawashima, Glaxo Institute for 

Molecular Biology, Geneva, Switzerland. A 700 bp IL l P and a 900 bp IL-4 insert were 

released from the respective vectors with the restriction enzymes Sph I and Eco RI. IL-6 

(500 bp) sequences were excised by digestion of plasmids with Eco RI and Hind III. DNA 

sequences coding for the human IL-10 gene were obtained from ATCC (ATCC deposit 

number #68191, plasmid pH5C) with permission of Dr. K. Moore, DNAX Research 

Institute of Molecular and Cellular Biology, Palo Alto, CA, USA. IL-10 specific cDNA 

sequences were excised from plasmid pH5C (Vieira et al. 1991) as a 800 bp Hind III - Bgl 

II fragment. A 2.0 kb Pst I chicken p-Actin fragment was used to estimate RNA contents 

on filters (gift of Dr. J. Cleveland, St. Jude Children's Research Hospital, Memphis, TN, 

USA).

Measurement o f soluble cytokines by ELISA:

Cytokines secreted into the tissue culture medium by B-CLL cells transfected with 

the myc construct and control DNA were measured 72 hours after gene transfer. Tissue 

culture supernatant was harvested and filtered through 0.2 pm to remove debris. Samples 

were stored at -70%  until analysis. Growth factor concentration was determined using 

ELISA (enzyme linked immunosorbent assay) test kits specific for human cytokines IL-2, 

IL-4, TNF (T Cell Sciences, Cambridge, MA, USA) and IFN-y (Celltech Inc., 

Lincolnshire, IL, USA) following the instructions given by the manufacturers. The 

detection limit of individual assays used was 50 - 80 pg/ml IL-2, 7 - 4 5  pg/ml IL-4, 10 

pg/ml TNF and 0.1 U/ml IFN-y (1 U IFN-y corresponds to 50 pg recombinant protein, 

Celltech instruction manual).
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Results;

Transfection o f B-CLL cells with oncogene constructs:

In an attempt to induce proliferation of the Go arrested B lymphocytes of B-CLL 

and to establish B-CLL derived cell lines, purified malignant lymphocytes were transfected 

using the oncogene containing expression vectors pCMV-LTR-c-myc, pCMV-LTR-Ha- 

ras, pCMV-LTR-fos, pCMV-LTR-raf and pCMV-LTR-mos. B-CLL cells transfected with 

the parental plasmid pCMV-LTR-poly served as controls. In all transformation experiments 

carried out, expression vectors were used alone, in combination with the c-myc expressing 

vector pCMV-LTR-c-myc and as a mixture of all constructs together (Table 4.1) to increase 

chances of B-CLL cell transformation, since it is well known that oncogenes cooperate in 

the transformation of cells (Bishop 1991, Hunter 1991, Land et al. 1983).

single constructs used for B-CLL cell 
tran s fec tio n s :

combinations of constructs used for 
electroporation of B-CLL cells

pCMV-LTR-c-myc
pCMV-LTR-Ha-ras pCMV-LTR-Ha-ras + pCMV-LTR-c-myc
pCMV-LTR-fos pCMV-LTR-fos + pGMV-LTR-c-myc
pCMV-LTR-raf pCMV-LTR-raf + pCMV-LTR-c-myc
pCMV-LTR-mos pCMV-LTR-mos + pCMV-LTR-c-myc

pCMV-LTR-c-myc + pCMV-LTR-Ha-ras + 
pCMV-LTR-fos + pCMV-LTR-raf + pCMV-LTR- 
mos

Table 4.1: Expression vectors and combinations used for gene transfer experiments of B-CLL 
cells.

As demonstrated in chapter 2, B-CLL cells can only be transfected by 

electroporation after pre-activation. To minimize induction of genes by potent external 

stimuli such as the phorbol ester TPA, B-CLL cells were cultured for 5 days in RPMI 

supplemented with 10% PCS before gene transfer. Cells cultured in this way do not 

express detectable levels of endogenous c-myc (Drexler et al. 1989) (Figure 4.7). 

Successful transfection was demonstrated by assessing the number of cells expressing the 

P-galactosidase reporter gene after electroporation. Cells from B-CLL patients were 

transfected with plasmid pCMV-P (MacGregor and Caskey 1989), a construct containing 

bacterial P-galactosidase sequences as a reporter gene: between 0.1 and 2.6% of the cells 

developed characteristic blue staining after the assay (Figure 4.1).
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These conditions were used to transfect B-CLL cells with oncogene constructs. 

Initially, electroporated cells were cultured in RPMI medium supplemented with PCS. 

However, cells died rapidly (within 7 days) after gene transfer and no difference in growth 

properties between oncogene transfected lymphocytes and controls was observed following 

gene transfer in cells of 4 patients tested. Next, B-CLL cells were placed on feeder cells 

after gene transfer in order to improve viability and growth conditions. Irradiated peripheral 

blood lymphocytes and MRC-5 fibroblasts, which have successfully been used to culture 

lymphocytes (Rooney et al. 1986), failed to support growth or improve viability of 

electroporated B-CLL clones in 3 cases tested. Human bone marrow derived stroma cells 

(Dexter et al. 1984), however, were able to maintain survival of B-CLL lymphocytes 

following gene transfer for a limited period of time. In control cultures, transfected with the 

plasmid pCMV-LTR-poly, all B-CLL cells died within 2 weeks. No change in this pattern 

was seen when B-CLL clones were transfected with expression vectors containing raf, mos 

and fos and Ha-ras sequences alone. However, clumps of cells adhering to the bone 

marrow stroma feeder layer were observed following transfection with the c-myc vector 

alone and in samples electroporated with a mixture of c-myc and other constructs (Figure 

4.2). Combinations of constructs did not improve survival of transfected cells compared to 

c-myc alone. No evidence was sought for the expression of genes other than c-myc after 

gnen transfer. Viable lymphocytes were observed for 4 - 5 weeks following electroporation 

with c-myc, untü the bone marrow derived feeder cells became senescent Transfer of 

transfected cells to fresh bone marrow stroma feeder layers did not prevent subsequent B- 

CLL cell death and neither long-term survival nor independent growth of B-CLL cells 

following electroporation were achieved in this set of experiments.
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Detailed analysis of the effects of transfected c-myc:

The consequences of transfecting c-myc into B-CLL cells were studied 

subsequently to transformation experiments in cells derived from 8 B-CLL cases. Cells of 

electroporated samples were examined for differences in survival, growth factor secretion 

and phenotypic changes provoked by expression of c-myc following gene transfer. To 

obtain sufficient cell numbers for analysis, between 10 and 20 transfections each with the 

c-myc sequences containing vector and control plasmid pCMV-LTR-poly were carried out 

and subsequently pooled.

Transfected c-myc prolongs survival of cultured B-CLL cells:

As observed in cultures of B-CLL cells on bone marrow stroma, transfection with 

the c-myc construct appeared to induce improved viability and prolonged survival 

compared to control cells in conventional culture in medium alone. Cells from 5 of 8 cases 

electroporated with pCMV-LTR-c-myc displayed transiently increased survival over a 

period of 5 days following transfection compared to the controls (Figure 4.3). Maximum 

differences in the number of viable cells between myc transfected and control cells were 

observed on day 3 after transfection (p=0.009, Student's t test). The number of viable cells 

in myc-responsive cases was increased by 18 - 29% (mean 21.8%) on day 3 compared to 

controls. Cell division was not induced by c-myc, since no difference in the number of 

BrDU^ B-CLL cells was found compared to controls when nucleotide incorporation assays 

were carried out (see Materials and Methods): both myc and control plasmid transfected 

cells contained fewer than 0.1 % BrdU+ B-CLL cells.

C-myc transfection induces phenotypic changes in B-CLL cells:

Cells of 2 myc-responsive cases were analyzed 72 hours after gene transfer for 

phenotypic changes induced by transfected c-myc.

In preliminary experiments, increased CD19 expression was noticed in cells 

transfected with c-myc compared to controls by fluorescence microscopy. This observation 

was confirmed using flow cytometry, allowing a more quantitative comparison (Figure
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4.4). There was no change in CD5 expression of B-CLL cells, but expression of CD 19 on 

the surface of the cells was significantly increased (Figure 4.4).

As I have previously described, myc transfected cells tend to form clusters. This 

observation prompted me to examine the distribution of molecules responsible for cellular 

adhesion (Springer 1990). Discernible changes in adhesion molecule expression were 

found in both cases tested: increased levels of CD58, or intercellular adhesion molecule-1 

(ICAM-1) (Marlin and Springer 1987), were detected in one patient (Figure 4.4), whereas 

expression levels of the corresponding ligand C D lla  , the leucocyte function associated 

molecule-1 (LFA-1) (Sanchez-Madrid et al. 1983), were elevated on cells of the second 

patient (Figure 4.5) examined. No change in expression of surface and cytoplasmic Ig, of 

HLA-DR, of the adhesion molecule pair CD2/LFA-3 (Selvaraj et al. 1987) and of CD5 was 

detected.

C-myc gene transfer induces IFN-y synthesis:

The almost immediate effects of c-myc transfection on cell survival were 

unanticipated. Since transfection efficiency was generally 2% or less, it was not obvious 

why a substantial proportion of the cells should have prolonged survival and altered 

phenotypic expression. One possible explanation was that c-myc expressing B-CLL cells 

produced a growth factor that affected nontransfected cells.

Growth factor production after gene transfer was compared between B-CLL cells 

electroporated with pCMV-LTR-c-myc and control cells on day 3 after transfection, the 

time point of maximum difference in cell survival between the two populations. Cytokine 

synthesis was analyzed by ELISA, when test kit were available, or by analysis of RNA 

transcripts.

No TNF or IL-4 protein was detectable in tissue culture supernatants of myc 

responsive patients analyzed with specific immunoassays. In contrast, increased levels of 

the immunomodulator IFN-y were found in the supernatant after electroporation with the c-



142

myc construct (Figure 4.6), indicating that this cytokine may be one mediator of the effects 

that are observed after c-myc gene transfer (see chapter 5).

C-myc RNA was readily detectable in samples transfected with pCMV-LTR-c-myc 

but not control cells (Figure 4.7). However, slot blot RNA analysis did not reveal 

differences in the synthesis of IL -ip , IL-2, IL-4 and IL-6, which were expressed at levels 

only slightly above background in both controls and myc transfected samples (not shown).

C~myc transfection results in down-regulation of IL-10 message:

In an attempt to determine the mechanism for increased IFN-y synthesis following 

c-myc gene transfer, RNA extracted from cells 72 hours after electroporation was evaluated 

for differences in expression of the IFN-y inhibitors IL-4 and IL-10 (Peleman et al. 1989, 

Vieira et al. 1991). While no differences in IL-4 RNA and protein levels were detectable 

following gene transfer (see above), IL-10 transcript levels were markedly decreased in c- 

myc transfected samples (Figure 4.7), suggesting a possible down-regulatory role for this 

cytokine.
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Figure 4.1: P-galactosidase expression of B-CLL cells 24  hours after gene  
transfer.

Prior to transfection, B-CLL cells were cultured for 5 days in RPMI containing 10% PCS. Cells were 

electroporated with plasmid pCMV-p, containing bacterial P-galactosidase sequences, or the 

control plasmid pCMV-LTR-poly and assayed for reporter gene expression 24 hours after gene 

transfer.

A: B-CLL cells expressing p-galactosidase display characteristic blue cytoplasmic staining.

B: Control cells.
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Figure 4 .2: B-CLL cells cultured on bone marrow stroma for 4  w eeks after 
gene transfer.

B-CLL cells were transfected with oncogene constructs as described In Materials and Methods 

and cultured for 4 weeks In the presence of bone marrow derived stroma cells.

A: B-CLL cells electroporated with the c-myc containing construct pCMV-LTR-c-myc.

B: B-CLL cells transfected with a combination of c-myc and Ha-ras constructs.

C; Control cells transfected with pCMV-LTR sequences alone. Only bone marrow stroma cells, but 

no cell clumps are visible 

Original magnification: x 400
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Figure 4.3: Transfected c-myc promotes survival of B-CLL cells.

Following gene transfer with pCMV-LTR-c-myc and the control plasmid pCMV-LTR-poly, B-CLL cells 

were cultured in RPMI medium supplemented with 10% PCS and number of viable cells determined 

by trypan blue exclusion staining. One representative case is shown.

5 out of 8 cases transfected with the c-myc construct showed increased survival, ranging from 18 - 

29% (p=0.009; Student's t test)on day 3 after transfection compared to control cells .

Mean difference in the number of viable cells between control cells versus c-myc transfected cells 

was 21.8% on day 3.
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Figure 4.4: Superimposed histograms of c-myc and control transfected cells 
stained with C D 19 (A), CDS (B) and ICAM-1 (0 )  antibodies.

Following transfection with c-myc and a control plasmid, B-CLL cells were cultured for 72 hours.

Cells were then stained with antibodies indicated and analyzed by flow cytometry. Overlay charts

were created to allow comparison of surface molecule expression. Peaks on left hand side of

charts represent cells stained with isotype-matched control antibodies. Solid line: myc transfected

cells; dotted line control cells. X -axis: log fluorescence intensity ; Y-axis: relative cell number.
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Figure 4.5: Histograms of B-CLL cells transfected with c-myc and a control 
plasmid stained with LFA-1 antibodies.

B-CLL cells were electroporated with a c-myc containing plasmid and control sequences (pCMV- 

LTR-poly). After 72 hours culture in RPMI/10% PCS cells were stained with CD11a antibodies and 

analyzed by flow cytometry. Isotype-matched antisera were used as control. Myc transfected cells 

are displayed on the left side of the figure, histograms representing control cells are placed on the 

right side of the diagram.

X-axis: log fluorescence intensity; Y-axis: relative cell number.
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Figure 4.6: C-myc transfection of B-CLL cells induces IFN-y synthesis.

Tissue culture supernatants were collected from B-CLL cells electroporated with a c-myc construct 

and control DNA 72 hours after transfection and analyzed using an IFN-y specific ELISA.
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Figure 4 .7: C-myc transfected B-CLL cells down-regulate IL-10 m essage.

RNA was extracted from electroporated cells of two different B-CLL patients after 72 hours In 

culture, transfered to nylon filters and hybridized with radiolabeled c-myc, IL-10 and p-ActIn cDNA 

probes. RNA of the human pre-B cell line Nalm-6, which constltutlvely expresses c-myc served as 

positive control.
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Discussion:

One objective of the studies described in this chapter was to determine what genes 

or combination of constructs were needed to generate continuously growing B-CLL cell 

lines. Although such lines would allow detailed in vitro analysis of abnormalities in cells 

derived from this common form of leukaemia, B-CLL derived cell lines expressing all 

characteristic markers of the malignant lymphocytes such as CD5 are not available, and 

only two publications report successful transformation of cells from patients with B-CLL 

by infection with EBV (Melo et al. 1988, Saltman et al. 1990). This virus is extremely 

potent in immortalizing normal B lymphocytes, but is not able to induce indefinite 

proliferation of B-CLL cells in the vast majority of cases (Walls et al. 1989), even though 

the CD21 molecule used by the virus to penetrate B lymphocytes is expressed on the 

surface of B-CLL cells (Freedman et al. 1987).

Transfection of transforming oncogenes driven by the powerful CMV-LTR 

promoter/enhancer element proved equally unable to generate continuously growing B-CLL 

cells. However, a c-myc construct significantly prolonged survival of transfected cells for a 

period of 4 - 6 weeks when cultured on bone marrow stroma cells. It was crucial to culture 

transfected B-CLL cells on bone marrow derived stroma cells, since these effects were not 

seen in cells cultured in medium alone or in the presence of irradiated MRC-5 and human 

lymphocyte feeder cells. These results indicate that endogenous components, such as the c- 

myc gene product, and as yet unknown exogenous factors provided by bone marrow 

stroma cells are necessary to promote the survival of malignant B-CLL cells. The finding 

that bone marrow stroma cells support survival of B-CLL cells following gene transfer may 

be of importance for the identification of novel bone marrow stroma derived growth factors 

for B-CLL.

One reason for the failure of the potentially highly transforming sequences other 

than c-myc to stimulate growth or extend survival of B-CLL cells may be that these genes 

were not expressed following transfection. Another possibility is that other genes than the 

sequences chosen may induce continuous growth of B-CLL cells. A report published in 

the course of this thesis suggested a role of p53 point mutations in the development of
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Richter's syndrome (Gaidano etal. 1991), a very aggressive lymphoproliferative disorder, 

in patients with B-CLL. Mutations in this genes are found in a variety of human cancers 

(Hollstein et al. 1991) and mutated p53 is able to transform cells at high frequency alone or 

in combination with an activated ras gene in vitro (Jenkins et al. 1984, Parada et al. 1984). 

Transfection of B-CLL cells with transforming p53 sequences, perhaps in combination 

with activated ras should help to clarify whether this gene is directly involved in the 

neoplastic development of Richter's syndrome in B-CLL patients and may help to establish 

B-CLL derived cell lines. Other groups reported rearrangement of the bcl-2 proto-oncogene 

in a small proportion (less than 10%) of cases tested (Adachi et al. 1990, Raghoebier et al. 

1991). However, high levels of bcl-2 gene transcripts were found in the majority (15 of 

20) B-CLL cases in a different study (Mariano et al. 1992). The high levels of expression 

of bcl-2 may be responsible for prolonged survival of B-CLL cells observed in vivo 

(Dameshek 1967) and alterations of the physical organization of the bcl-2 locus in a small 

proportion of B-CLL cases may result in even more increased transcription of the gene or 

in stabilization of bcl-2 RNA and protein levels. Again, gene transfer and expression of 

bcl-2 sequences in malignant B-CLL cells would help to understand whether the bcl-2 gene 

product may promote survival of the malignant lymphocytes, thereby contributing to the 

slow accumulation of malignant B lymphocytes seen in patients (Dighiero et al. 1991). This 

approach would also allow determination of whether other genes, such as myc cooperate 

with bcl-2 in the transformation of the malignant cells, as implicated in other systems 

(Gauwerky et al. 1988, Gauwerky et al. 1989, McDonnel and Korsmeyer 1991). 

Translocations involving the retinoblastoma, bcl-1 and bcl-3 loci appear to be extremely 

rare in B-CLL (Dighiero et al. 1991, Raghoebier et al. 1991). Nevertheless, transfection of 

B-CLL cells with mutated and wild type forms of the tumour suppressor gene RB 

(Marshall 1991) and possibly bcl-1 and bcl-3 may help to identify sequences necessary for 

in vitro transformation of B-CLL cells. The techniques I  have described for B-CLL 

transfection should be readily applicable to the introduction of these additional transforming 

sequences in future studies.
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Although I was not able to generate long-term lines with any of the single 

oncogenes or oncogene combinations, c-myc had effects on B-CLL survival and phenotype 

that were of considerable interest.

Altered expression of the CD 19 molecule and discernible changes in the expression 

of the adhesion molecule pair LFA-l/ICAM-1 were observed in B-CLL cells following c- 

myc gene transfer (Figures 4.4 and 4.5). Signalling through CD 19 appears to be an 

important step in the control of B cell proliferation: although proliferation of B lymphocytes 

induced by anti-IgM antibodies is initially inhibited (Pezzutto et al. 1987), CD19 activation 

results in increased proliferation after extended culture periods (Barrett et al. 1990). 

Whether, as suggested (Clark and Lane 1991), signalling through the CD 19 molecule also 

results in upregulation of LFA-1 as demonstrated for the CD40 antigen (Barrett et al. 

1991), or extends survival of the malignant B lymphocytes of B-CLL in vivo remains to be 

determined. These studies need to be extended and expression of additional surface 

antigens such as CD40 and CD23, subsequently shown to be important for B cell growth 

and differentiation (Banchereau et al. 1991, Delespesse et al. 1991, Gordon et al. 1989) 

should also be monitored after c-myc gene transfer.

The fact that transfection of B-CLL cells with c-myc alone did not result in growth 

transformation is perhaps not surprising since in vitro studies involving induction of c-myc 

in human B cells (Smeland et al. 1985) as well as myc gene transfer in murine B 

lymphocytes (Schwartz et al. 1986) and in vivo experiments using Ep-myc transgenic mice 

demonstrated that high, constitutive expression of c-myc alone is not sufficient for 

transformation (Adams et al. 1985). TTiese results suggest that additional events are needed 

for the induction of continuous proliferation of B lymphocytes.

However, expression of c-myc clearly prolongs short-term survival of transfected 

B-CLL cells in transient experiments when cells are cultured in medium alone. Although I 

cannot rule out other possibilities, c-myc effects may be temporary in nature because B- 

CLL cells did not integrate the transfected sequences into the genome. For this reason, 

expression of c-myc may have slowly diminished during extended culture periods
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following gene transfer. On the other hand, B-CLL cells may require further, external 

growth stimuli for a prolonged life span, as suggested by the extended survival of 

transfected cells on bone marrow stroma. It is unlikely that the transfected c-myc gene 

directly produced the effects on survival and phenotype, because transfection efficiency 

was generally low, but differences in survival were in the range of 18% - 29%. Therefore, 

newly synthesized cytokines may mediate consequences observed after c-myc gene 

transfer. Indeed, the immunomodulator IFN-y was secreted into the tissue culture medium 

(Figure 4.6) and RNA levels of IL-10, a cytokine inhibiting IFN-y synthesis of human 

lymphocytes (Vieira etal. 1991), were decreased after myc transfection (Figure 4.7). One 

might speculate that IL-10 is synthesized by B-CLL cells and acts as an autoregulatory 

factor to influence the secretion of IFN-y, or other as yet undetermined cytokines.

In order to determine whether prolonged survival of the malignant B-CLL cells 

following c-myc gene transfer is indeed mediated by secreted IFN-y, I examined the effects 

of recombinant INF-y on the malignant cells of B-CLL in more detail. The results of these 

investigations are described in the following chapter.



C h a p t e r  5:

Interferon-Y Inhibits Apoptotic Cell 
Death in B-Cell Chronic 

Lymphocytic Leukaemia.
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Introduction

B-cell chronic lymphocytic leukaemia (B-CLL) is characterized by the slow and 

progressive accumulation of monoclonal, apparently mature CD5+ B lymphocytes 

(Dighiero et al. 1991). The majority of circulating cells appear to be nondividing (Orfao et 

al. 1992), and it has been suggested that a prolonged life span, rather than increased 

proliferation is mainly responsible for the accumulation of the leukaemic cells (Dameshek 

1967, Dormer et al. 1983).

The importance of programmed cell death in the regulation of the immune system 

has only recently been recognized (Cohen 1991, Cohen and Duke 1992). Unlike necrosis, 

which is induced for example by poisons, drugs or injuries and could also be called 

accidental cell death, programmed cell death, or apoptosis, may be beneficial for the 

organism as a whole (Cohen 1991, Wythe et al. 1980): for example, autoreactive immature 

T cells are most hkely eliminated by apoptosis upon activation of the CD3 molecule (Cohen 

1991, Smith et al. 1989) and germinal centre B lymphocytes can be rescued from apoptosis 

by exposure to antigen (Liu et al. 1989). Thus, B cells which are not able to recognize 

antigen are eliminated by triggering programmed cell death. Apoptotic cells initiate a 

suicidal mechanism which is characterized by active cleavage of cellular chromosomal 

material between nucleosomal structures resulting in DNA fragments of 180 base pairs and 

multiples thereof (Wyllie et al. 1980). Morphologically, chromatin condensation and 

membrane blebbing are accompanied by extensive loss of cell volume (Wyllie et al. 1980).

The absence of growth factors induces programmed cell death in many cultured 

lymphohaemopoiedc cells. For example, growth factor-dependent cell lines and IL-2- 

dependent T lymphocytes initiate apoptosis after the appropriate factors are withdrawn 

(Cohen 1991, Duke and Cohen 1986, Williams et al. 1990). When B-CLL samples are 

placed in culture, apoptosis occurs despite the presence of foetal calf serum in the tissue 

culture medium (Collins et al. 1989). Thus, apoptosis in cultured B-CLL cells may be 

triggered by the absence of a survival promoting factor (or factors), present in vivo. The
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identification of such a molecule would not only increase our understanding of 

pathogenesis in B-CLL, but might ultimately allow the development of targeted treatment.

In the previous chapter I demonstrated that B-CLL cells transfected with a c-myc 

containing construct display extended survival and secrete high levels of IFN-y into the 

tissue culture medium. It has also been shown that administration of IFN-y shortens the life 

span of the Fi hybrids of New Zealand Black and New Zealand White mice (Jacob et al.

1987) in which elevated levels of Ly-1^ B cells, the murine equivalent of human CD5+ B 

lymphocytes, parallel the progression of autoimmune disease (Hayakawa and Hardy

1988). Furthermore, injection of anti-IFN-y antibodies significantly prolonged survival of 

the animals compared to untreated controls (Jacob et al. 1987).

These observations prompted me to examine the effects of IFN-y on the CD5^ B 

cells from patients with B-CLL and to test the hypothesis that IFN-y acts as a survival 

signal for these cells. This study provides evidence that IFN-y inhibits programmed cell 

death in cultured B-CLL cells. I also present data suggesting that IFN-y may promote 

survival of B-CLL cells in vivo and that this cytokine is produced by the malignant cells 

themselves.
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Materials and Methods.

Unless indicated, materials and reagents from the same manufacturers as detailed in 

the previous chapters were used.

Samples:

Sterile heparinized peripheral blood samples were obtained from 9 B-CLL patients 

and 5 normal individuals. Serum samples were obtained from 10 additional patients and 10 

healthy volunteers. Diagnosis of B-CLL was unequivocal according to clinical, 

morphologic and immunologic criteria. None of the patients had received chemotherapy for 

at least 3 months before the blood samples were drawn; serum samples were obtained from 

previously untreated patients. Fresh and cryopreserved B-CLL cells were studied. 

Mononuclear cells were isolated by two consecutive centrifugations on Ficoll-Hypaque 

density gradient. B-CLL cells were further purified by depletion of monocytes by 

adherence to plastic tissue culture dishes (Nunc) for 90 min at 37^C in RPMI 1640 

supplemented with 10% FCS (see Materials and Methods section of chapter 2). For RNA 

analysis, T lymphocytes were depleted by density gradient centrifugation after resetting 

with sheep erythrocytes at 4^C for 45 min as described in the Materials and Methods 

section of chapter 2. Purity of B-CLL cell preparations was assessed by indirect 

immunofluorescence staining with the following monoclonal antibodies: BC3 (CD 19), 

6F10.3 (CD2), SPVT3b (CD3), RM052 (CD14) and BLla (CD5); all antibodies were 

purchased from AMAC. Antibody binding to cells was visualized with FITC conjugated 

goat anti-mouse Ig antibodies (Jackson Immunoresearch) and samples analyzed by 

fluorescence microscopy (see Materials and Methods section of chapter 2). Preparations 

contained > 90% CD19+ cells, > 90% CD5^ cells, less than 5% CD2+ cells and <1%  

CD14+ cells. The viability of separated cells (assessed by trypan blue exclusion) exceeded 

95% in all cases.
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Cell culture:

Separated cells were cultured at a concentration of 1 - 2 x 10̂  cells/ml RPMI 1640 

and incubated at 37®C/5%C02 in a humidified atmosphere. Medium was supplemented 

with 10% heat-inactivated FCS (Whittaker Bioproducts, batch # 9M057), 100 I.U. 

penicillin/ml and 1(X) pg/ml streptomycin. All experiments were carried out using the same 

batch of FCS, which was selected for low mitogenic activity on peripheral blood 

lymphocytes. To study DNA fragmentation, 1x10^ cells/ml medium in a total volume of 2 

ml were seeded into the wells of 24-well tissue culture plates (Nunc). The following 

recombinant cytokines were used at the final concentrations indicated: IL-1, 100 U/ml 

(Hoffmann LaRoche, Nutley, NJ), IL-2, 1000 U/ml (Cetus, Emeryville, CA), IL-6, 50 

ng/ml (Sandoz Pharmaceuticals, East Hanover, NJ), IL-7, 25 ng/ml (R & D systems, 

Minneapolis, MN) and IFN-y, 100 U/ml (specific activity 3 x 10̂  U/mg; Genentech, South 

San Francisco, CA). 12-O-tetradecanoylphorbol 13-acetate (TPA; Sigma), which has been 

shown to prevent apoptosis of cultured B-CLL cells (Forbes et al. 1992), was used at a 

final concentration of 2 x 10"̂  M. For flow cytometric studies of apoptosis and 

determination of cell numbers, 2x10^ cells/ml culture medium containing 10% FCS plus 

antibiotics were set up in a final volume of 10 ml in T25 tissue culture flasks (NUNC). 

After initial titration, IFN-y was added at a final concentration of 100 U/ml.

Measurement of soluble Interferon~y:

IFN-y levels were measured in serum samples with an ELISA kit (GIBCO BRL 

Life Technologies Inc., Gaithersburg, MD), following the manufacturer's instructions. The 

detection limit of this ELISA is 20 pg IFN-y/m l. Samples were stored at -70®C prior to 

analysis. According to the manufacturer, 100 pg natural IFN-y correspond to 1 Unit. 

Serum samples were collected and IFN-y ELISAs carried out by Dr. Carlos Richard, 

Hôpital Marques de Valdecilla, Santander, Spain.
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Analysis o f apoptosis:

Apoptosis was studied by light microscopy, as well as by DNA gel electrophoresis 

and flow cytometry. Cytocentrifuge preparations were stained with Wright - Giemsa for 

light microscopy analysis. Two x 10̂  cells were assayed for DNA fragmentation after 16 - 

24 h of culture as described (Manabe et al. 1992, Sellins and Cohen 1987). Cells were 

harvested from tissue culture plates by vigorous pipetting, washed three times with PBS 

(Whittaker Bioproducts) and lysed in 0.5 ml hypotonic lysis buffer containing 10 mM Tris, 

pH 7.4,1 mM EDTA and 0.2% Triton X-100 (all reagents from Sigma). Fragmented DNA 

was obtained by centrifugation of the lysate for 10 minutes at 11000 x g followed by 

precipitation of the supernatant with 100 pi 5 M sodium chloride as well as 500 pi 2- 

propanol at -20^C overnight. Pellets were resuspended in 500 pi lysis buffer and also 

precipitated, serving as control for equal loading. DNA was recovered by centrifugation for 

10 minutes at 11000 x g and air dried. Samples were dissolved in 20 pi TE (10 mM Tris, 

pH 7.4 and ImM EDTA) by heating for 10 minutes at 55®C. Loading buffer (5 pi of 15 

mM EDTA, pH 8.0, 2% sodium dodecyl sulphate, 50% glycerol, 0.5% orange G; all 

reagents from Sigma) was added and samples incubated for another 10 minutes at 65®C. 

DNA fragments were separated on 1.5% horizontal agarose gels in TBE electrophoresis 

buffer (0.089 M Tris, 0.089 M boric acid and 0.002 M  EDTA), followed by incubation 

with 20 pg/ml DNase-free RNase A (Boehringer Mannheim) for 3 hours at 37^C in TBE 

buffer and subsequently stained with 2pg/ml ethidium bromide for 5 minutes at room 

temperature.

For analysis of apoptosis by flow cytometry (Manabe et al. 1992, Swat et al. 

1991a), 1 X 10̂  cells were stained with CD 19 monoclonal antibody BC3 (AMAC) in order 

to quantitate the number of CD19+ cells contained in each sample. Cells were washed twice 

with PBS A (PBS supplemented with 0.2% BSA and 0.2% sodium azide; Sigma) and 

incubated with the recommended amount of BC3 antibody for 10 min at 20OC. After two 

washes in PBSA, 0.5 pi FITC tagged goat anti-mouse antiserum (Jackson 

Immunoresearch) was added and the suspension incubated for another 10 min at 20^C.
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Cells were washed 2 x in PBSA and resuspended in 0.5 ml 0.5% para-formaldehyde 

(Sigma) prepared in PBS before samples were analyzed by flow cytometry with a 

FACScan® flow cytometer (Beeton Dickinson, San Jose, CA) and Lysis II® software 

(Manabe et al. 1992). In the light scatter dot plot, gates were designed to contain leukaemic 

B lymphocytes of individual patients, instrument settings of day 0 samples were recorded 

and used for all following time points. Apoptosis was determined after 3,5 and 7 days of 

culture in the presence or absence of IFN-y by analyzing the forward and sideward light 

scattering properties of cells (see also below). In a typical experiment, cell number (see 

next paragraph) and occurrence of apoptosis were determined in parallel by flow 

cytometry.

Determination o f cell numbers:

Three aliquots of every cell sample were counted in a standard haemocytometer and 

viability was assessed by trypan blue exclusion staining. The technique of Manabe et al. 

(Manabe et al. 1992) was used for counting cells by flow cytometry. For this purpose, 0.5 

ml cell suspension (approximately 1 x 10̂  cells) was transfered to 4 ml centrifuge tubes 

(Falcon, catalogue number 2052), washed 3 times in PBSA and stained with CD 19 

monoclonal antibody BC3 (AMAC) followed, after two washes in PBSA, by incubation 

with FITC labeled goat antiserum to mouse Ig (see above). Supernatant was decanted and 

all samples resuspended in precisely 0.5 ml ice-cold 0.5% (wt/vol) para-formaldehyde 

(Sigma) prepared in PBS. Lymphocytes collected from individual patients on day 0 were 

analyzed by drawing gates around the population representing viable leukaemic 

lymphocytes in the light scatter dot plot. Gate parameters for each case were recorded and 

subsequently used to determine the number of cells with identical light scattering properties 

of cultured samples: the number of cells passing through the recorded lymphocyte gate in 

exactly 30 seconds was registered and corrected according to the percentage of CD19+ cells 

present in the sample. Therefore, only viable CD 19  ̂lymphocytes were counted. Samples 

harvested on days 1, 3, 5, 7 and 9 of culture were analyzed using this procedure.
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Occurrence of apoptosis, as indicated by changed forward and sideward light scattering 

properties (Swat et al. 1991b), was examined in parallel (see above).

Flow cytometry was carried out with the help of Dr. Dario Campana and Elaine 

Coustan-Smith.

Ki-67 staining:

B-CLL cells were analyzed for expression of a cell cycle related antigen recognized 

by the monoclonal antibody Ki-67. This antigen is only expressed by proliferating cells 

(Gerdes et al. 1984).

Air dried cytospin preparations (see Materials and Methods section of chapter 2) of 

cells from 4 patients cultured with and without the addition of 100 U/ml IFN-y for 3 days 

and 7 days were fixed with methanol for 30 min at 4®C and incubated for 30 min with Ki- 

67 antibody using the amount recommended by the manufacturer (Dako Corporation, 

Carpinteria, CA), washed 2 x for 5 min in PBS and incubated with FITC labeled goat anti

mouse Ig antiserum (Jackson Immunoresearch) for another 30 min. Following two washes 

in PBS for 5 min, slides were mounted in a 1:1 mixture of PBS/glycerol and examined by 

fluorescence microscopy. Cytospin preparations of the human promyelocytic cell line HL- 

60 (obtained from ATCC) served as positive control for expression of the Ki-67 antigen.

Northern blot analysis:

T cell depleted B-CLL samples (<2% CD2+ cells) from 3 patients were used for 

analysis of IFN-y mRNA. A total of 10̂  cells was cultured at a final concentration of 2 x 

10̂  cells/ml in RPMI +10% FCS for 6 hours in the presence or absence of 2 x lO** M  TPA 

and 7.5 x 10"̂  M calcium ionophore A23187 (Sigma).

RNA was extracted in the presence of the RNase inhibitor guanidine thiocyanate 

and further purified by centrifugation through a cesium chloride gradient (Chirgwin et al. 

1979). Cells were washed twice in PBS, the cell pellet resuspended by vigorous mixing in 

6 ml guanidine solution (4 M guanidine thiocyanate; Fluka Chemical Corporation, 

Ronkonkoma, N.Y., USA; 10 mM Tris pH 7.4, 2% P-mercaptoethanol, 2% sarkosyl, 10
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mM EDTA pH 8.0; Sigma) and placed on ice for 30 min. Proteins were removed from the 

lysate with an equal volume of phenol/chloroform (see Materials and Methods section of 

chapter 3). The protein-free aqueous phase was transfered to a 50 ml tube containing 0.65 

g cesium chloride (GIBCO-BRL Life Technologies). The dissolved RNA/cesium chloride 

solution was then transfered to a Beckman polyallomer ultracentrifuge tube (Beckman, 

catalogue number 331372) and underlayed with 2.2 ml 5.7 M cesium chloride prepared in 

10 mM EDTA. Tubes were placed into a SW41 rotor (Beckman Instruments) and RNA 

separated from cellular macromolecules by centrifugation for 16 hours at 270CX) rpm. The 

DNA and protein containing supernatant was decanted and the RNA pellet dissolved in 3 

ml RNA preparation buffer (10 mM Tris pH 7.4, 5 mM EDTA, 0.5% sarkosyl, 5% P- 

mercaptoethanol; all reagents from Sigma) and processed further following a published 

protocol (Dean et al. 1987). Dissolved RNA was precipitated again with 0.12 M  sodium 

acetate pH 5.2 and 2.5 x vol ethanol overnight at -20®C and recovered by centrifugation at 

10(XX) X g for 30 min. Following precipitation, the supernatant was aspirated and RNA 

redissolved in 2(X) pi elution buffer (10 mM Tris pH 7.4, ImM EDTA, 0.05% SDS, all 

reagents from Sigma). The amount of RNA extracted was determined by absorption of 

ultraviolet light at 260 nm in a spectrophotometer. Samples were stored in elution buffer at 

-70% .

For Northern analysis, 20 pg RNA aliquots were diluted to 2(X) pi with RNA 

sample buffer (10 mM Tris pH 7.4, 0.12 M  sodium acetate, 1 mM EDTA, 0.05% SDS; 

Sigma and 50 pg/ml E. coli tRNA; Boehringer Mannheim) and precipitated by the addition 

of 2.5 X vol ethanol at -20^C overnight, RNA was pelleted by centrifugation at 11000 x g 

for 10 min and the ethanol containing supernatant aspirated. Residual sodium acetate was 

removed by washing the pellet with 1 ml 70% ethanol. RNA was recovered by 

centrifugation for 2 min at 11000 x g, the supernatant aspirated and the RNA pellet dried 

under vacuum. Dried samples were dissolved and RNA denatured by the addition of 20 pi 

formamide/formaldehyde mixture (50% formamide; GIBCO-BRL, 2.2 M  formaldehyde; 

Sigma, and 1 x MOPS electrophoresis buffer (see below)) and heating to 56®C for 5 min.
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Denatured RNA was kept on ice for at least 5 min before 7 jul gel loading buffer (50% 

glycerol, 0.15% bromphenol blue; Sigma) were added to the samples. RNA molecular 

weight markers (GIBCO-BRL) were used to determine the size of transcripts analyzed.

RNA was separated by electrophoresis on 1 % agarose gels containing 2.2 M 

formaldehyde in MOPS electrophoresis buffer (200 mM morpholine propane sulphonic 

acid (MOPS) pH 7.0; Boehringer Mannheim, 50 mM sodium acetate, 10 mM EDTA; 

Sigma) with constant recirculation of the buffer for 16 hours at 30 Volts. Following 

electrophoresis, formaldehyde was removed from the gels by three washes in H2O for 10 

min each, and subsequent soaking in 20 x SSC for 1 hour. RNA was transfered overnight 

to nitrocellulose filters (Schleicher & Schuell) by capillary action in 20 x SSC buffer 

(Sambrook et al. 1989, Southern 1975) using a GIBCO-BRL blotting apparatus. After 

transfer was completed, Alters were washed for 5 min in 3 x SSC with shaking and RNA 

was bound to the nitrocellulose filter by baking for 2 hours at SÔ C under vacuum.

Hybridization of RNA to ^̂ P radiolabeled DNA inserts was carried out as described 

(Thomas 1980): filters were rehydrated in H2O for 15 min and pre-hybridized in 15 ml pre

hybridization solution containing 200 mM sodium phosphate pH 6.5, 5 x SSC, 1 x 

Denhardt's (see Materials and Methods section chapter 4), 100 pg/ml denatured salmon 

sperm DNA (all from Sigma) and 50% formamide (Fluka) at 42®C for a minimum of 2 

hours with shaking in a plastic bag. Upon completion of pre-hybridization, the solution 

was replaced with 10 ml hybridization mixture consisting of 2(X) mM sodium phosphate 

pH 6.5, 5 X SSC, 1 X Denhardt's, 100 pg/ml denatured salmon sperm DNA, 5% dextran 

sulphate (Pharmacia) and 50% formamide. Heat-denatured radiolabeled probe (see below) 

was added at a ratio of 5 x 10̂  cpm/ml hybridization solution and mixed gently with the 

contents of the plastic bag to avoid air bubbles. Plastic bags were sealed and incubated at 

42®C for a minimum of 16 hours with shaking. Following hybridization, the radioactive 

hybridization solution was discarded and the filters washed with constant agitation for 3 x 

20 min in a large volume (ca. 200 ml) of 2 x SSC/0.1% SDS at 20®C. Stringency of the 

washing procedure was sequentially increased by further incubating filters for 2x20  min
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in 2 X SSC/0.1% SDS at 42^C, followed by two washes in 0.1 x SSC/0.1% SDS for 20 

min at 42%. Washed nitrocellulose filters were sealed in plastic and exposed to X-ray film 

(Fuji RX, Fisher Scientific, Pittsburgh, PA, USA) at -70% using two Cronex lightning 

plus intensifying screens (Sigma).

Probe was stripped from the filters by treating nitrocellulose with boiling water for 

2 X 10 min with shaking. Successful probe removal was confirmed by overnight exposure 

to X-ray film. All filters were first hybridized to the human IFN-y probe followed by 

hybridization with a ^-Actin insert to quantitate amounts of RNA loaded.

Radiolabeling of DNA inserts by random priming:

For analysis of RNA bound to nitrocellulose filters, DNA probes were labeled to 

high specific activity with ^̂ P by incorporation of radioactive deoxy-nucleotides using the 

random-priming method (Feinberg and Vogelstein 1983) with a commercially available kit 

(Boehringer Mannheim). Fifty ng DNA insert were combined with the components of the 

kit (labeling buffer, Klenow DNA polymerase, unlabeled deoxy-nucleotides, H2O) 

according to the manufacturer’s recommendation, followed by the addition of 5 jul ^^P-a 

dCTP (3000 Ci/mmol, Amersham). The mixture was incubated at 37^C for 1 hour and the 

reaction stopped by chelating bivalent Ca^  ̂and Mg2+ ions with an equal volume of 50 mM 

EDTA. Twenty pg E. coli tRNA were added as carrier and unincorporated deoxy- 

nucleotides removed by two consecutive precipitations with 2 M  ammonium acetate and 2 

volumes ethanol for 15 min at 4% , followed by centrifugation at 11000 x g for 10 min. 

The DNA pellet was air dried and resuspended in 200 pi TE buffer. The labeling reaction 

was monitored and activity of radiolabeled DNA determined by liquid scintillation counting 

(Beckman Instruments). The probe was denatured for 10 min at 1(X)®C and kept on ice for 

at least 5 min before adding to the hybridization solution. Unused labeled probe was stored 

at-200C.
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DNA probes:

Only gel purified cDNA inserts complementary to sequences of interest were used 

for labeling and hybridization of RNA to prevent non-specific binding and to reduce 

background (relevant techniques are described in the Materials and Methods section of 

chapter 3).

For examination of IFN-y transcripts, a 1.0 kb Pst I IFN-y cDNA fragment was 

excised from plasmid pBR322 (gift of Dr. G. Ricca, Rorer Biotechnology, King of 

Prussia, PA). p-Actin gene expression was detected using a 2.0 kb Pst I chicken P-Actin 

probe excised from plasmid pBR322 (gift of Dr. J. Cleveland, St. Jude Children's 

Research Hospital).

Detection of intracellular IFN-y:

To induce IFN-y synthesis, B-CLL cells from 4 patients were cultured at a final 

concentration of 2 x 10̂  cells/ml medium supplemented with 10% FCS plus antibiotics in 

the presence of 2 x 10"̂  M TPA and 7.5 x 10"̂  M  calcium ionophore A23187 (Sigma) 

between 4 hours - 24 hours. Approximately 1 x 10̂  cells were washed twice in PBS A and 

surface stained by incubation with previously titrated CD 19 monoclonal antibody of IgM 

subclass (clone ABl) for 10 min at 20®C. After two washes in PBS A, 0.5 pi goat anti

mouse IgM antiserum conjugated to phycoerythrin (Jackson Immunoresearch) was added 

to the suspension and allowed to bind to CD 19 antibodies adhering to the cells for another 

10 min at 20^C. Excess antiserum was removed by two washes in PBSA and the cell pellet 

fixed for 1 hour with 1 ml 0.25% para-formaldehyde prepared in PBS at 4®C. The cell 

membrane was then permeabilized with 1 ml 0.2% Tween 20 (BioRad, Richmond, CA) in 

PBS at 37^C as described (Schmid et al. 1991). Fixed and permeabilized cells were 

washed once in PBSA and incubated with carefully titrated neutralizing anti-human IFN-y 

monoclonal antibodies of IgGi subclass DC 10 or GZ-4 (Boehringer Mannheim, 

Indianapolis, IN) for 10 min at 2(PC followed by one wash with PBS supplemented with 

0.2% Tween 20 and one wash with PBSA. Isotype-matched non-reactive antibodies were 

used as controls. Staining with either of the two anti-human IFN-y antibodies used gave
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identical results. After the supernatant was decanted, 0.5 pi FITC labeled goat anti-mouse 

IgG anti serum (Jackson Immunoresearch) was added and the sample incubated for another 

10 min at 20®C. Cells were washed as above, fixed with 0.5 ml 0.5% para-formaldehyde 

prepared in PBS and stored at 4®C protected from light until the JFN-y content of the cells 

was evaluated by flow cytometry. Analysis of samples was performed with support of Dr. 

Dario Campana and Elaine Coustan-Smith using a FACScan flow cytometer and Lysis II 

software (Becton Dickinson).

Peripheral blood mononuclear cells from 4 normal individuals stimulated with TPA 

and calcium ionophore A23187 (see above) served as positive controls for intracellular 

IFN-y staining; unstimulated B-CLL and peripheral blood mononuclear cells were used as 

negative controls.
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Results:

IFN -y inhibits apoptosis o f cultured B-CLL cells:

Untreated B-CLL cells rapidly initiated apoptosis when placed in culture, as 

previously described (Collins et al. 1989, Forbes et al. 1992, McConkey et al. 1991). After 

16 hours, 5% - 20% of cells showed morphologic evidence of apoptosis such as nuclear 

fragmentation and loss of cell volume (Figure 5.1). At the same time degradation of DNA 

into fragments of 180 base pairs and multiples was seen (Figure 5.2). Forward and 

sideward light scattering changes became also apparent when cultured B-CLL cells were 

analyzed by flow cytometry (Figure 5.3). The appearance of apoptotic cells resulted in 

diminishing cell numbers in the cultures: on day 5, only 56% ±6.1% (mean ± standard 

deviation) of the original cell number was recovered (Figure 5.4; Materials and Methods 

section of chapter 4, electroporation).

Addition of recombinant IFN-y to the tissue culture medium inhibited apoptosis 

(Figures 5.1, 5.2, 5.3). In the presence of IFN-y (100 U/ml), 94% ± 3.6% (mean ± 

standard deviation) of the CD19+ lymphocytes originally plated were recovered on day 5 

(Figure 5.4). IFN-y was effective at a concentration of 25 U/ml with maximum inhibition 

of apoptosis achieved in the range of 100 -1000 U/ml (equivalent to approximately 3-30  

ng/ml recombinant protein). The effects of IFN-y persisted for 7 - 9 days (data not shown).

Although IFN-y prevented apoptosis, there was no evidence of cell proliferation as 

determined by staining with Ki-67, an antibody that recognizes a cell cycle related antigen 

(Gerdes et al. 1984): <0.1% lymphocytes of 4 patients were labeled after 3 days and 7 

days of culture in the presence of 100 U/ml IFN-y, confirming previous reports (Engel et 

al. 1989, Karray et al. 1988a, Karray et al. 1987). In contrast to IFN-y, IL-1, IL-2, IL-6, 

and IL-7 failed to prevent DNA degradation or to support survival (Figure 5.2).

IFN-y is present in B-CLL serum samples:

Next, IFN-y levels in sera from 10 B-CLL patients without clinical signs of 

infection and from 10 healthy individuals were measured. As illustrated in Figure 5.5, 7
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out of 10 B-CLL sera contained IFN-y. The amount of IFN-y detected ranged from 60 

pg/ml to >2200 pg/ml. IFN-y levels in the sera tested did not correlate with the white blood 

cell count. Five samples with detectable IFN-y were from patients at stage 0 of the disease 

according to Rai (Rai et al. 1975), whereas the other 2 positive samples were from patients 

at stage I and II, respectively. The remaining 3 patients with no detectable IFN-y levels in 

the serum were at stage 0. No IFN-y (<20 pg/ml) was detectable in sera from healthy 

volunteers.

B-CLL cells may synthesize IFN-y:

IFN-y synthesis by B-CLL cells in vitro was studied at the RNA and protein level. 

For mRNA analysis, 3 B-CLL samples with initially low numbers of T lymphocytes were 

selected and further depleted resulting in <2% CD2^ lymphocytes in the material studied. 

B-CLL cells produced IFN-y mRNA rapidly (within 6 hours) and at high levels upon 

activation with TPA and calcium ionophore (Fig. 5.6). No signal for IFN-y mRNA was 

detectable in the absence of activation.

Using double colour immunofluorescence and flow cytometry, I found that in 

normal peripheral blood samples activated with TPA and calcium ionophore, IFN-y was 

exclusively synthesized by 6% - 8% CD 19" cells, presumably T lymphocytes (Rutenfranz 

et al. 1991, Sandvig et al. 1987) (Fig. 5.7). By contrast, in B-CLL samples most IFN-y 

producing cells were CD19+ B lymphocytes: between 1 - 5 %  CD19+ B-CLL cells 

synthesized detectable levels of IFN-y and a small proportion (< 0.5%) of CD 19" 

lymphocytes were also labeled by the anti-IFN-y monoclonal antibody (Fig. 5.7). IFN-y 

synthesis was observed 6 hours following activation, with maximum levels detectable after 

24 hours. In no instance was staining with control antibodies found nor did unstimulated 

cells produce detectable levels of this cytokine.
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Figure 5.1: Apoptotic cell death of B-CLL cells is prevented by IFN-y.

B-CLL cells were cultured for 16 hours and cytocentrlfuge preparations stained with Wright- 

Giemsa. (a): B-CLL cells treated with 100 U/ml recombinant IFN-y.

(b): Apoptotic B-CLL lymphocytes in untreated culture. Arrows indicate apoptotic B-CLL cells.



170

Mill
B

Figure 5 .2: IFN-y inhibits D N A  degradation in cultured B-CLL cells.

B-CLL cells were lysed after 16 hours culture in the absence ("control") or presence of IFN-y, IL-1, 

IL-2, IL-6, IL-7 and TPA as described in Materials and Methods. Fragmented DNA was separated 

from intact sequences and cell debris as described (Manabe et al. 1992, Sellins and Cohen 

1987). TPA served as positive control (Forbes et al. 1992).

(A): Fragmented DNA.

(B): Pellets containing intact DNA and cell debris, serving as control for equal loading.
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Figure 5.3: Analysis of apoptosis by flow cytometry.

Forward and sideward light scattering properties of B-CLL cells were analyzed by flow cytometry. 

Apoptotic cells can be distinguished from viable cells by altered cell size (FSC: forward light 

scattering) and granularity (SSC: sideward light scattering) (Manabe et al. 1992, Swat et al. 

1991b). (A): Cells analyzed on day 0.

(B): Cells cultured for 72 hours in medium.

(C): Cells cultured for 72 hours in the presence of 100 U/ml IFN-y.
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Figure 5 .4: Survival of B-CLL cells after 5 days in culture in the presence or 
absence of 100 U/ml IFN-y.

B-CLL cells were cultured with or without the addition of 100 U/ml IFN-y at a concentration of 2 x 

10® cells/ml for 5 days. Cell number was determined by flow cytometry (patients A - E) or trypan 

blue exclusion staining (patients F - 1).

(13 ): Cells cultured in the presence of 100 U/ml IFN-y. ( ■  ): Untreated cells.
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Figure 5.5: Sera from B-CLL patients contain IFN-y.

Serum samples from 10 B-CLL patients and 10 healthy volunteers were analyzed by ELISA for 

the presence of IFN-y. Expression of IFN-y was heterogeneous among patients ranging from 60 

pg/ml to >2200 pg/ml. No IFN-y was detectable in sera from healthy volunteers.

The detection limit of the ELISA used is 20 pg/ml.
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Figure 5 .6: Activated B-CLL cells synthesize high levels of IFN-y m RNA.

RNA of B-CLL cells from 3 patients was analyzed for expression of IFN-y message following 

stimulation with TPA and calcium ionophore for 6 hours. CD2^ cells represented <2% in each 

sample tested. Filters were re-hybridized with p-Actin, indicating the relative amount of RNA 

loaded.

Figures on right hand side of illustrations indicate molecular weight of fragments In kilo bases.
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Figure 5.7: IFN-y protein is synthesized by stimulated B-CLL cells.

B-CLL lymphocytes and peripheral blood mononuclear cells were stimulated with TPA and 

calcium ionophore for 24 hours and stained simultaneously with CD19 and anti-IFN-y monoclonal 

antibodies as described in Materials and Methods. Preparations were analyzed by flow cytometry.

(A): Peripheral blood lymphocytes: 8% CD19' cells were labeled with anti-IFN-y monoclonal 

antibody.

(B): B-CLL cells: 2.5% of the lymphocytes were CD19^/IFN-y'^; CD19" cells (0.5%), presumably T 

lymphocytes, were also labeled with the anti-IFN-y monoclonal antibody. A representative case is 

shown.
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Discussion:

Alterations in the mechanisms leading to cell death may play an important role in the 

pathogenesis of cancer. Deviation from a programmed death mechanism would result in 

clonal accumulation of cells normally present at veiy low levels or representing a transitory 

cell type. Programmed cell death appears to be regulated by external signals, such as 

cytokines, acting as survival factors (Raff 1992). Thus, autocrine secretion or aberrant 

levels of certain cytokines could be responsible for delayed apoptosis and extended survival 

of malignant cells (Williams 1991).

In these studies I  showed that IFN-y can promote the survival of malignant cells 

from patients with B-CLL. The potential in vivo relevance of this phenomenon is suggested 

by the detection of IFN-y in the serum of 7 out of 10 B-CLL cases tested. At the 

concentrations observed in vivo, this cytokine could indeed be responsible for prolonging 

the life span of the malignant cells.

Proliferation is unlikely to contribute to the in vitro survival effects seen, as cell 

numbers in lE^-y treated samples remained constant and there was no detectable induction 

of cell division as indicated by the absence of K1-67+ cells. In vivo proliferation of B-CLL 

cells may be induced by other lymphokines, such as TNF. This cytokine has been reported 

to stimulate cells of some B-CLL cases to proliferate (Cordingley et al. 1988, Digel et al.

1989). However, this growth factor does not support long-term survival in vitro (Foa et al.

1990). I  hypothesize that IFN-y, by inhibiting apoptosis, and TNF or other as yet 

unknown growth factors, by inducing cell cycle, contribute to the accumulation of 

malignant B-CLL lymphocytes in vivo.

The CD5+ B cells which accumulate in B-CLL are rare in normal peripheral blood 

(Caligaris-Cappio et al. 1982), but higher numbers are found in the peripheral blood of 

individuals with autoimmune disease (Hardy et al. 1987) and in patients who have 

undergone bone marrow transplantation (Ault et al. 1985). Whether human CD5^ B cells 

respond to different survival or proliferation signals than CD5 B cells is not yet clear.
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Although synthesis of IFN-y is normally restricted to activated T lymphocytes and 

NK cells (Sandvig et al. 1987, Trichineri and Perussia 1985, Young and Hardy 1990), 

there are infrequent reports of IFN-y production by other cell types including alveolar 

macrophages (Robinson et al. 1985), a human Hodgkin's lymphoma cell line (Naumovski 

et al. 1989) as well as EBV immortalized B cell lines derived from Burkitt's lymphoma and 

a patient with acquired immunodeficiency syndrome (AIDS) (Pang et al. 1992). 

Furthermore, spleen samples containing large numbers of CD5^ B lymphocytes derived 

from autoimmune prone New Zealand Black mice display 7-fold increased mRNA levels of 

this cytokine compared to control mice, suggesting an autocrine growth factor production 

by murine CD5+ B lymphocytes (Lin et al. 1992).

A number of lines of evidence support the suggestion that the CD5+ B cell of CLL 

are the sources of the IFN-y detected. I was able to detect high levels of IFN-y message in 

highly purified CD5^ B-CLL cells upon activation. Only a small proportion (between 1% 

and 20% depending on the stimulus used) of T lymphocytes and natural killer cells 

synthesize IFN-y in activated normal peripheral blood cells (Rutenfranz et al. 1991, 

Sandvig et al. 1987). Therefore, it is unlikely that residual non-B cells were entirely 

responsible for the IFN-y signal seen, because patients with low levels of CD2+ cells were 

selected for RNA analysis. Furthermore, analysis of IFN-y protein synthesis using double 

colour immunofluorescence and flow cytometry showed that 1 - 5% of malignant B-CLL 

lymphocytes contained the cytokine.

The fact that only TP A/calcium ionophore activated B-CLL cells, but not 

unstimulated samples synthesize detectable IFN-y message and protein is of further 

interest. Both, transfection experiments with c-myc (see chapter 4) and activation with the 

phorbol ester TPA in combination with calcium ionophore result in increased transcription 

of the c-myc gene (Drexler et al. 1989) and in the synthesis of IFN-y protein (see chapter 

4). The inference is that, at least in vitro, myc gene expression is important for production 

of IFN-y by B-CLL cells. Whether or not this phenomenon is CLL specific or represents a 

general mechanism needs further study. This question could at least partially be addressed
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by conducting blocking experiments using c-myc anti sense oligonucleotides in a IFN-y 

producing cell line.

In conclusion, these results indicate that IFN-y is a survival promoting factor for B- 

CLL cells and suggest that the malignant cells contribute to the synthesis of the survival- 

promoting cytokine in an autocrine manner. These observations may provide a rationale for 

novel therapeutic strategies based on inhibition of IFN-y effects on B-CLL cells.



C h a p t e r  6 :  

Conclusions
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Antibody synthesizing B lymphocytes constitute key mediators of the immune 

response (Cooper 1987). To date, research on human B lymphocytes has concentrated on 

topics including the extracellular signals influencing B cell function (Gordon and Guy 

1987, Kishimoto and Hirano 1988, O'Garra et al. 1988), the surface molecules expressed 

on B lymphocytes that are important for B cell activation or for interactions with other 

effector cells of the immune system (Clark and Lane 1991), or the cells and factors 

affecting B cell maturation (Kincade et al. 1989). However, intracellular mechanisms 

regulating B growth and differentiation are not well understood at present. In particular our 

knowledge of the contribution of individual genes to normal and malignant B cell function 

is limited, in part due to the lack of a gene transfer and expression system for these cells.

To investigate gene function in normal and malignant B lymphocytes, a gene 

transfer and expression system for B lymphocytes was developed in the course of this 

thesis (chapter 2) and a number of expression vectors containing oncogene sequences were 

designed (chapter 3). Unlike normal B cells, the malignant B lymphocytes of B-CLL 

represent a homogeneous B cell population of high purity with large B cell numbers 

available for studies. For these reasons gene transfer experiments were initiated with cell 

material derived from patients with B-CLL (chapter 4). Although several different 

oncogene constructs were transfected into B-CLL cells alone and in combination, no 

continuous growth of B-CLL cells, as initially intended, was observed following gene 

transfer. One explanation for the failure to transform B-CLL cells with oncogenes could be 

that the sequences used are simply not able to transform B-CLL cells, or that other, 

untested genes and combinations are needed to achieve growth transformation of the 

malignant cells.

One oncogene that would be appropriate to study in the system I have described is 

bcl-2. The gene product of the bcl-2 proto-oncogene appears to prolong survival of cells by 

preventing apoptosis, rather than inducing constant proliferation like classical oncogenes 

(Korsmeyer 1992a). Data derived from a transgenic mouse model using a construct 

representing the t(14;18) translocation, demonstrated that bcl-2 gene activation is directly
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involved in B cell neoplasia (McDonnel et al. 1989). The transgenic mice were initially 

characterized by an expanded polyclonal resting B cell pool with approximately 97% non

cycling B lymphocytes. After a latency period, aggressive monoclonal lymphomas 

evolved. More than 50% of the tumours had acquired secondary translocations which 

involved the myc gene and the Ig heavy chain gene locus (McDonnel and Korsmeyer 

1991). Recently published data show that in the majority of B-CLL cases high levels of 

bcl-2 transcripts are present (Mariano et al. 1992). Therefore, in analogy to bcl-2 transgenic 

mice, high levels of bcl-2 may support the slow and progressive accumulation without 

obvious proliferation of neoplastic cells observed in vivo. In cultured cells, however, bcl-2 

levels may be down-regulated or unstable due to the lack of specific nutrients or growth 

factors in the medium, leading to the induction of programmed cell death. High and 

constitutive bcl-2 expression levels following gene transfer may therefore support survival 

and, in combination with transfected c-myc, growth of B-CLL cells in vitro.

Although transfection of B-CLL cells did not result in growth transformation, a 

number of distinct effects of transfected c-myc on B-CLL cells were observed. Most 

prominently and consistently, prolonged survival of c-myc transfected B-CLL cells 

compared to controls was found following gene transfer (chapter 4) and in addition, 

phenotypic changes were detected. Subsequent analysis revealed that IFN-y was secreted 

into the tissue culture medium by cells transfected with c-myc, but not controls, and IFN-y 

was shown to be a survival promoting cytokine for the CD5+ B lymphocytes of CLL 

(chapter 5).

IFN-y is an important immune modulator with multiple effects on a variety of cells 

of the immune system including T cells, monocytes/macrophages and B lymphocytes 

(Balkwill 1989, Murray 1988, Trichineri and Perussia 1985). At present, there are no 

reports demonstrating a role for IFN-y in supporting survival of other (non-CD5^) normal 

and malignant B lymphocytes: IFN-y treatment does not prevent initiation of apoptosis in 

cultured germinal centre B cells (Liu et al. 1991) or in malignant B lymphocytes of acute 

lymphoblastic leukaemia (Dr. D. Campana, personal communication). Therefore, IFN-y



182

may exclusively support the survival of a specific B cell subtype, in particular CD5^ B 

cells. Experiments with separated B cell subpopulations would allow determination of the 

effects of IFN-y on normal CD5^ B lymphocytes, and other B cell subtypes.

At present it is unclear whether IFN-y acts directly on B-CLL cells or via induction 

of other growth factors which would include any of the cytokines known to be synthesized 

by B-CLL cells such as IL-1 (Morabito et al. 1987), IL-6 (Blondi et al. 1989) and TNF 

(Cordingley et al. 1988, Digel et al. 1989). It has been reported that IFN-y augments 

expression of the CD23 antigen on the surface of B-CLL cells (Fournier et al. 1992) and 

elevated levels of the cleaved, soluble form of CD23 are also found in sera of B-CLL 

patients (Sarfati et al. 1988). The cleaved form of CD23 together with IL-1 a prevent 

germinal centre B cells from initiating apoptosis (Liu et al. 1991). The effects of IFN-y on 

CD23 expression in B-CLL cells and the consequences of CD23 alone or in combination 

with other growth factors on the inhibition of apoptotic cell death in B-CLL could be 

studied using a similar approach as detailed in chapter 5.

In normal peripheral blood, IFN-y is predominantly produced by activated T 

lymphocytes and NK cells (Young and Hardy 1990). That the malignant B lymphocytes of 

B-CLL contribute to the synthesis of this cytokine may be the reason why elevated levels of 

IFN-y were detected in sera from B-CLL patients (see chapter 5). The events triggering 

synthesis of IFN-y in B-CLL are unknown, but as demonstrated with transfection 

experiments conducted in chapter 4, stimuli activating transcription of the c-myc gene may 

well be involved in the production of this cytokine by B-CLL cells. Determining the nature 

of such a stimulus (or stimuli) could be useful for the understanding of the mechanisms 

involved in the neoplastic process of B-CLL, and may ultimately lead to novel forms of 

treatment. More immediately, growth factors known to down-regulate IFN-y synthesis by 

peripheral blood lymphocytes such as IL-4 (Peleman et al. 1989) and IL -10 (Vieira et al.

1991) may diminish B-CLL cell survival, and could be of therapeutic value. These effects 

could readily be tested in the system I have described.
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