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The leukocyte common antigen, CD45, exists in a number of isoforms generated by 
the differential usage of three exons which code for amino acid sequences at the 
end of the extracellular part of the molecule. Three monoclonal antibodies which 
reacted wi th different isoforms of the guinea-pig CD45 were raised. One antibody, 
IH-1, reacted wi th all CD45 isoforms (230, 210, 195, 180, and 170 kDa). The 
other two reacted with some of the larger CD45 isoforms: IH-2 with the 230, 210, 
and 195 kDa and IH-4 with the 230 and 210 kDa isoforms. The IH-1 epitope was 
expressed on all mature leukocytes, all peritoneal macrophages and 75% of bone 
marrow cells. All B lymphocytes and all Kurloff cells—the putative guinea-pig natural 
killer (NK) cell—expressed the IH-2 and lH-4 epitopes. All blood monocytes and all 
peritoneal-exudate macrophages expressed the IH-2 epitope but not the IH-4 epitope. 
50% and 35% of bone marrow cells expressed the IH-2 and IH-4 epitopes 
respectively. All lymphocytes in blood, spleen and lymph node expressed the lH-2 
epitope, whereas only some were labelled by IH-4. Granulocytes did not express 
either the IH-2 or the lH-4 epitopes. 

Mature T and B lymphocytes (from lymph nodes) expressed the four large CD45 
isoforms (230, 210, 195, and 180 kDa), L2C leukaemic B lymphocytes only the 
largest isoform and thymocytes the three small isoforms (195, 180, and 
170 kDa). All CD8+ cells in blood were stained brightly by IH-2, whereas only 
2 0 - 4 0 % were stained brightly by IH-4. 7 0 - 9 0 % of CD4+ cells in blood were 
stained by IH-4 and the same cells were stained brightly by lH-2: the proportion 
stained in this way changed with age —90% in newborn animals falling progressively 
to 70% in adult animals. 

Almost all thymocytes were stained brightly by IH-1, whereas only 5% and 
0 . 5 - 1 % were stained as brightly by lH-2 and IH-4 respectively. However, the vast 
majority of the other thymocytes were stained with an intermediate brightness by 
IH-2 and were not stained at all by IH-4. The IH-2 and IH-4 stained cells were found 
predominantly within the medulla of the thymus. The cells stained brightly by IH-4 
were shown to be mature B lymphocytes. Only 5% of thymocytes expressed high 
levels of the T-cell antigen-receptor and it was these cells which expressed high 
levels of the lH-2 epitope —a proportion (1-1 .5%) of these cells were stained wi th 
intermediate-brightness by IH-4. The brightly stained IH-2 cells were found in all 
four subpopulations of thymocytes defined by CD4 and CDS expression but they 
were enriched in the more mature single-positive cells: thymocytes stained by IH-4 
(excluding B lymphocytes) were also found in all four subpopulations. 

Guinea-pig CD45 was partially purified and was shown to have tyrosine 
phosphatase activity. The equilibrium binding constants were determined: 
6.9 x1 0® M~^ for lH-1 and 1.7 x 10^ M^^ for IH-2. The anti-CD45 antibodies were 
unable to induce modulation of surface CD45 from LgC cells and there was no 
extracellular barrier of antigen to impede antibody binding in the serum of animals in 
the terminal stages of L2C leukaemia. Immunotherapy experiments using anti-CD45 
antibodies in guinea pigs wi th L2C leukaemia failed to reveal any protective effect. 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL INTRODUCTION 

The prospect of directing the immune system against cancer cells has tantalized 

physicians for many years. Passive antibody (Ab) therapy of cancer is one of the 

oldest and most prominent of the immunotherapeutic strategies (Currie, 1972). As 

early as 1895, a few years after von Boehring's and Kitasoto's discovery that 

diphtheria toxin could cure children with diphtheria, Hericourt and Richet described 

attempts to treat human cancer with antisera from dog and donkey (Hericourt and 

Richet, 1895). Paul Ehrlich (1900) was intrigued by the potential of using Ab as a 

specific weapon against cancer and called Ab 'magic bullets' (zauberkugel). 

Mammalian cells can be destroyed by the immune system —as seen in autoimmune 

diseases and in the rejection of allografted organs. The ability to treat cancer 

patients wi th Ab is a great scientific challenge (Riethmuller et al., 1993; Stevenson, 

1993). 

In 1 975, a turning point was the invention of the hybridoma technique 

(Kohler and Milstein, 1975). Monoclonal antibodies (mAb) wi th their uniform, 

defined specificity and virtually inexhaustible supply promised to solve the problems 

of variable specificity and irreproducibility inherent in using polyclonal antisera. 

However, it soon became clear, even when using mAb, that unmodified xenogeneic 

Ab is an inefficient killer of cancer cells. Passive Ab therapy of leukaemias, 

lymphomas, gastrointestinal carcinoma and melanoma usually resulted in negligible, 

or only partial and transient, regressions of tumour growth (Ritz and Schlossman, 

1 982; Miller et a/., 1 982; Miller et al., 1 983; Dillman et a/., 1 984; Gordon et a/., 

1 984; Houghton et a/., 1 985; Meeker et al., 1 985; Rankin et al., 1 985; Sears et a/., 

1 985; Press et al., 1 985; lo Buglio et al., 1 988; Waldmann et al., 1 988; Brown et 

a/., 1989; Dyer et al., 1989). Consequently, much research has been performed to 

improve the cytotoxicity of Ab by conjugating them to radioactive isotopes, 

cytotoxic drugs or toxins (Jurcic et al., 1993; Stevenson, 1993; Jurcic and 

Scheinberg, 1994; Vallera, 1994). 

Many factors have been identified which can influence (impede) Ab therapy 

of cancer (Gordon etal., 1984). These factors include the modulation of surface 

Ag, the sparseness of surface Ag (including mutational loss), extracellular Ag, the 

inadequate penetration of Ab into solid tumours, inadequate recruitment of effectors 



(including effector exhaustion) and the anti-Ab response (Stevenson, 1993). 

The target Ag used for Ab therapy in recent years are no longer tumour 

specific. The target molecules used are those which treatment with the 

corresponding Ab causes tumour regression while damage to normal tissues is 

within acceptable limits. Certain important questions relating to the suitability of 

molecules as target Ag for Ab therapy can be formulated. Is the molecule on all 

tumour cells? What is its surface density (or, better, density distribution throughout 

the cellular population)? Is it secreted to form an extracellular barrier? Does it 

modulate readily? Do Ag-negative mutants arise wi th significant frequency? Will 

engagement of the molecule by Ab activate the cell? On what normal tissues is the 

molecule present, and with what risk of serious damage from Ab attack? When 

studying therapeutic Ab, the answers to these questions will indicate the potential 

usefulness of molecules as target Ag. 

1.2 ANTIBODY STRUCTURE 

The basic structure of Ab molecules is the four polypeptide unit (Figure 1.1), 

consisting of two identical heavy (H) chains (50 -77 kDa) and two identical light (L) 

chains ( 22 -25 kDa) crosslinked by interchain disulphide bonds and stabilized by non-

covalent interactions (for reviews of Ab structure see Burton, 1987; Alzari eta/., 

1988). Ab are also called immunoglobulins (Ig) and are divided into classes and 

subclasses based on minor differences in physicochemical properties such as size, 

charge and solubility and on their behaviour as Ag. In man, there are nine H-chain 

isotypes ( y l , y2, y3, k4, //, a1, a2, 6, and e) corresponding to the Ab subclasses 

( IgGI, lgG2, lgG3, lgG4, IgM, IgA I , lgA2, IgD, and IgE respectively). The 

physicochemical properties of the Ig subclasses are summarized in Table 1.1. Each 

H-chain isotype can associate with either of two L-chain isotypes, k or A. 

The L chains are folded into two globular domains and the H chains four or 

five domains; IgG, IgA and IgD have four and IgM and IgE have five. All Ig domains 

consist of two twisted stacked P sheets (Amzel and Poljak, 1 979). The yS sheets 

consist of anti-parallel P strands, each strand has 5 - 1 0 amino acids. Hydrophobic 

amino acids are directed into the space between the sheets and hydrophilic residues 

point away from the hydrophobic interior. The hydrophobic interaction between the 

sheets is further stabilized by a conserved intrachain disulphide bond. Each domain 

contains 1 0 0 - 1 1 0 amino acids with considerable sequence similarities, and this led 



Figure 1.1 A typical antibody molecule 

The diagram represents the basic four polypeptide unit 

of antibody molecules. The number and position of 

interchain disulphide bonds are based on the molecule 

whose chain structure was first elucidated (human 

IgGI). 
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Table 1.1 

Properties of the Human Immunoglobulin Subclasses. 

Immunoglobulin subclasses 

IgM igGi lgG2 lgG3 lgG4 IgAI lgA2 IgD igE 

Heavy chain /J Vi Ks K4 ay 02 6 e 

Molecular weight 

(kilo-Daltons) 

970* 146 146 165 146 160* 160* - 1 8 5 - 1 9 0 

Four-chain subunits 5 1 1,2 1 1 

Heavy-chain domains 5 4 4 4 5 

% carbohydrate 9-12 2 -3 7-11 9-11 12 

Hinge region residues 0 15 12 62 12 26 13 64 0 

Interheavy chain 

disulphide bonds 

r 2 4 11 2 1 1 1 2d 

Serum concentration 

(mg/ml) 

1.5 9 3 1 0.5 3 0.5 0.03 0.0003 

Serum half life 

(days) 

5.1 23® 5.8 2.8 2.3 

a 

b 

c 

d 

e 

Pentameric fo rm. 

Monomer i c fo rm. 

Be tween C^3 domains. 

Be tween C^ l domains and 0^2 /0^3 junc t ions . 

Some subclasses only. 

Adap ted f r o m Male eta!., 1991 ; Clark, 1991 ; Brekhe eta!., 1994 . 
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to the notion that the Ig chains had all evolved from a primordial gene coding for 

approximately 100 amino acids (Hill eta/., 1966). 

Many cell surface molecules have one or more domains with sequence 

similarities to the Ig domains and probably assume the distinct folding pattern of the 

Ig domain. These molecules have been grouped together because of a presumed 

evolutionary relationship. This family of molecules, called the Ig superfamily, is 

undoubtedly one of the key groups involved in cell surface recognition (Williams and 

Barclay, 1988). Hemophilic or heterophilic binding occurs between Ig-related 

molecules; often between molecules on opposed plasma membrane surfaces. In 

these binding and recognition reactions the Ig domain act as a stable platform for the 

display of specific complementary determinants on the faces of the P sheets or at 

the bends between the yff strands (Lesk and Chothia, 1982). Other members of the 

Ig superfamily include: GDI , CD2, CDS, TCR, CD4, CD7, CD8, CD28, CD58, MHC 

(class I and II), ^2 microglobulin, Thy-1, FcyR (GDI 6, GD32, GD64), FcaR, FceRI, 

NGAM (GD56), and PDGFR (Hunkapiller and Hood, 1989; Barclay ef a/., 1993). 

The H chains consist of one variable (V|^) domain and three or four constant 

(Gh) domains, for example, the y chain has three constant domains (GkI, Gk2, and 

Gk3). The L chains have one variable domain (V l) and one constant domain (G )̂ . 

All domains, except C^2, are in close lateral contact with another domain. The 

driving forces for domain pairing are predominantly hydrophobic interactions. The 

G^ (and Gl) domains are particularly important for conferring the overall 

conformation (Y-shape) of the Ab molecule and the Gy domains determine the 

biological functions (Burton and Woof, 1992; Morrison eta/., 1994). 

Ag binding is a property of the V l and V,_, domains and these domains are 

paired by extensive contact between the two respective three-strand sheets. 

Within the V domains the sequence variability is clustered in three hypervariable 

regions (Wu and Kabat, 1 970) which are formed by amino-acid residues 3 0 - 3 6 , 

5 0 - 5 6 , and 9 3 - 1 0 2 . The more conserved parts around the hypervariable regions 

are called framework regions. The framework regions are responsible for the overall 

conformation of the V domains. The hypervariable regions are at distant sites in the 

primary sequence but they are brought together by folding of the Ig domain to form 

loops at the tip of the V domains (Poljak, 1991). The V l /V^ pairing generates the 

Ag binding surface (paratope) which consists of six exposed hypervariable loops. 

The Ab specificity is largely determined by the sequences of the hypervariable 
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regions, for this reason they are also known as complementarity determining regions. 

The epitope is that part of the Ag which interacts the paratope on the Ab molecule. 

It is the overall epitope conformation—the three-dimensional shape of the 

electron clouds—which determines Ab binding, rather than its chemical reactivity. 

The interaction of Ab with Ag, like most enzyme-substrate binding, does not involve 

the formation of covalent bonds. The most striking feature of the A b - A g binding is 

the high degree of complementarity exhibited between the two interacting surfaces 

(Davies et a/., 1 990). The A b - A g interaction can induce changes in the shape of 

the surfaces which make contact between Ab and Ag (Davies and Padlan, 1 992) 

which may increase the strength of the binding reaction. 

It is possible to raise antisera which are specific for individual Ab molecules. 

These antisera recognise epitopes on the Ab molecule associated wi th the paratope 

and these epitopes are known as idiotopes. The set of idiotopes on a single Ab 

molecule are called its idiotype (Id). Ab which recognize Id determinants are known 

as anti-idiotypic antibodies (anti-Id). For reviews of id see Eichmann, 1978; Burdette 

and Schwartz, 1987. Most anti-Id react with the paratope while others, which 

cannot block the A b - A g interaction, react with V-region determinants outside the 

paratope. Some anti-Id can react with many different Ab (cross-reactive or public 

Id), whereas others react only with a single Ab (private Id). Anti-Id to private Id can 

be used to define the Ab produced by a single clone of B lymphocytes. Most Id are 

carried by V^, but some V,^-ld-determinants have been described. However, in 

general anti-Id react less strongly with isolated H and L chains than wi th the intact 

Ab molecule which carries the native Id. This indicates that either and 

together contribute to the Id or that the isolated H or L chain, and Id carried on it, 

has a different conformation when compared the its conformation in the V ^ / V l dimer 

(Davie et a/., 1986). 

In the Y, o and 6 chains, there is a non-globular region between the C ^ l and 

0^2 domains called the hinge. The number of amino-acid residues in the hinge 

ranges from 1 2 in k2 to 64 in 6 (Table 1.1). Parts of the hinge have a rod-like helical 

structure and other parts have a random and flexible conformation, permitting 

movement of the C^ l domains relative to the 0^2 domains (for reviews see Nezlin, 

1 990; Schumaker et a/., 1991). The hinge is divided into three regions. The upper 

hinge, defined as the part from the end of C^ l to the cysteine forming the first inter-

H-chain disulphide bond, allows movement and rotation of Fab relative to the Fc. 
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Electron micrographs have shown the Fab arms assuming angles relative to each 

other from nearly 0° (acute Y shape) to nearly 180° (T shape). The middle hinge has 

a variable number of inter-heavy-chain disulphide bonds, a high proportion of proline 

residues, and it probably has a rigid helical structure and thus provides space 

between the Fab and Fc parts. The lower hinge probably allows movement of the Fc 

relative to the Fab arms. The lower hinge, like the upper hinge, is a solvent 

accessible structure and the lower hinge contains the FcyR interaction sites (Brekhe 

et a/., 1 994). 

The overall structure of the Ab molecule was initially formulated by Porter 

and colleagues (Porter, 1 959), by characterizing the fragments obtained by limited 

proteolysis of IgG. Peptide bond cleavage by proteolytic enzymes occurs first at 

regions wi th extended and flexible conformation, whereas globular and helical 

regions are generally more resistant to proteolysis. In IgG the part most sensitive to 

proteolysis is the hinge region. The proteolytic enzyme papain cleaves human IgG 

into three pieces (Figure 1.2): two identical Fab fragments and one Fc fragment. 

Each Fab fragment consist of an intact light chain and the Vy and C^ l domains. The 

Fab part (fragment, Ag binding) retains the ability to bind Ag. The Fc fragments 

consist of Ck2 and Ck3 domains and the hinge region, held together by the inter-H-

chain disulphide bonds. Fc (fragment, crystalline) tend to self-associate and form 

crystals. The effector functions of Ab are mediated through the Fc fragment. 

Pepsin cleaves human IgGI in the lower hinge and the Ag binding fragment 

produced from a limited digestion retains most of the hinge and the inter-H-chain 

disulphide bonds, and consequently they remain associated as bivalent F(ab'K)2 

fragments. 

Ab molecules are glycosylated with carbohydrate residues usually attached to 

the C|_,2 domains and located within the cleft between these domains. Generally, 

carbohydrate is linked to the protein through the sugar N-acetylglucosamine and the 

NH2 of the amino acid asparagine. The precise function of the carbohydrate is not 

known: it does not appear to be involved in binding Ag (Leatherbarrow et a!., 1985), 

but it does participate in controlling the rate of catabolism, complement activation 

and FcR binding (Burton, 1985; Burton and Woof, 1992). The carbohydrate is not 

directly involved in the binding to C I q or FcR but it may maintain the overall 

conformation of the Fc region (Duncan and Winter, 1988; Walker et at., 1989b; 

Matsuda eta/., 1990a). 



Figure 1 .2 Enzymatic cleavage of human IgGI by pepsin and papain 

The diagram shows the sites of cleavage of IgGI by the 

enzymes pepsin and papain. The primary sites of 

cleavage are indicated by the long arrows. The 

secondary sites are indicated by the short arrows. The 

fragments produced by the enzymes are shown along 

the top of the figure for pepsin and along the bottom 

for papain. 
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Ab may exert their protective effects by direct neutralization of toxic or 

infectious processes; for example, by binding to virus particles Ab may stearically 

block the attachment of virus to host cells. In general, Ab recruits other effector 

systems, such as complement, phagocytosis and cellular cytotoxicity. So the 

effector functions of each Ig subclass reflect the effector systems with which its Fc 

fragment can interact (Table 1.2), usually complement or a variety of cell types 

which express Fc receptors (Burton, 1985; Morgan and Weigle, 1987; Burton and 

Woof, 1992). 

Three distinct types of receptor, with very different binding affinities for the 

IgG subclasses, have been described in man and mouse (Unkeless eta/., 1988; 

Ravetch and Kinet, 1991). All three Fck receptors (FcyR) belong to the Ig 

superfamily. The interaction of A b - A g complexes with Fc receptors on cells of the 

immune system can result in a wide variety of responses (Table 1.3) which include: 

Ab-dependent cellular cytotoxicity (ADCC), mast cell degranulation, phagocytosis, 

and the regulation of lymphocyte proliferation and Ab secretion (Unkeless, 1 989a; 

Morgan and Weigle, 1987; Lynch eta/., 1990). 

In each individual there are at least 1 x 10^ to 1 x 10^ different Ab 

molecules, each wi th unique amino-acid sequences in their V regions. A variety of 

genetic mechanisms are responsible for the generation of this Ig diversity. For 

reviews of the Ig genes see Taussig, 1 988; van Dongen and Wolvers-Tettero, 1 991; 

Schatz et a/., 1992. The three individual Ig chains (H, K and A) are encoded by 

genes at three separate loci on different chromosomes. The regions are encoded 

by three gene segments (V, D, and J) and regions by two segments (V and J). 

The different V regions are derived by recombination from numerous different V, D 

and J gene segments. The multiplicity of V, D and J of gene segments, 

combinatorial association of V,D, and J gene segments and association of different 

H and L chains can account for most of the observed Ig diversity. However, 

additional mechanisms operate to extend Ig diversity, namely junctional diversity 

(Meek, 1990) and somatic mutation (French et a/., 1989; Steele, 1991). 

1.3 B CELL ANTIGEN RECEPTOR 

Surface Ig (sig) of all classes can act as the Ag receptor on B lymphocytes, sig and 

secreted Ig molecules differ only at their carboxy-terminal portion where sig has a 

short hydrophobic transmembrane segment (25 amino acids) and a short 



Table 1 .2 

Functional Interactions of the Human Immunoglobulin Subclasses. 

Immunoglobulin subclasses 

IgM IgGl lgG2 lgG3 lgG4 IgAI lgA2 IgD igE 

Complement fixation + + - - -

Platelet binding - + - - -

Mast cell and basophil 

sensitization 

— — — — + + 

Transplacental 

transfer 

— — — 

Opsonization for 

macrophages, 

neutrophils and 

eosinophils 

Sensitization for 

Killer cells 

— — — 

Binding to 

lymphocytes 

T" T^B jb^b jb^b 

a Some subclasses only. 

b Some subsets of cells only. 

Adapted from Male et a/., 1991. 



Table 1.3 

Functions and Cellular Expression of Human Fck Receptors 

fey Receptors 

(affinities, functions & cellular expression) 

Fc/RI 

(CD64) 

Fc/RII 

(CD32) 

Fc/RIII 

(CD16) 

high 

10^-10® 

low 

<10? M""" 

low 

<10? M"^ 

opsonic adherence, 

phagocytosis 

immune complex 

uptake, 

Pimmunoregulation 

opsonic adherence, 

phagocytosis of 

complexes, ADCC, cell 

activation 

B cell - + -

NK cell - - + 

Mononuclear 

phagocyte 

+ + + 

Neutrophil - + + 

Eosinophil - + + 

Platelet - + -

References: Unkeless, 1989a; Unkeless, 1989b; Walker eta!., 1989a; 

Mellman, 1988. 
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cytoplasmic part. For reviews of the biochemistry of the B cell Ag receptor (BCR) 

complex see Metzger, 1991; Rath et aL, 1991 b; Reth, 1992; Sakaguchi et at., 

1993; Cambier et al., 1 994; Reth, 1994. The fact that the cytoplasmic region of 

mouse sIgM and sIgD have of only 3 amino acids (Milstein eta/., 1984; Reth, 1992) 

suggests that signal transduction through sig occurs through proteins associated 

wi th sIg (Reth, 1994). The surface expression of IgG, IgE, and IgA occurs after a 

class switch of primary activated B cells and the extended cytoplasmic tail of these 

sIg may indicate specialized function(s) of these BCR in secondary and/or memory B 

cells. The amino-acid sequence of the transmembrane region is the most highly 

conserved part of the sIgM // chain and most of the amino-acid residues are also 

found in the other Ig H chains (Metzger, 1991; Reth eta!., 1991b). These findings 

are consistent wi th notion that this part of sIg is associated non-covalently wi th 

other membrane proteins. 

Human sIgM is associated with a disulphide linked heterodimer, consisting of 

Ig-cr (47 kDa) and Ig-yff (37 kDa) molecules (Figure 1.3). Ig-a is the product of the 

mb-1 gene and Ig-^ the B29 gene (van Noesel et aL, 1990; Venkitaraman et aL, 

1991; Reth, 1992; van Noesel et a/., 1991). It appears that amino acids within both 

the transmembrane and the adjacent extracellular C domain of sIgM are required for 

its association wi th Ig-a and Ig-yff (Reth, 1992; Reth, 1994). 

sIgD is associated with a similar heterodimer made up of Ig-a and Ig-yff 

(Venkitaraman et a/., 1 991; van Noesel et a/., 1 992). The Ig-^ chain is required for 

the surface expression IgM but not IgG or IgD (Hombach et a/., 1990; Weinands et 

a/., 1990; Venkitaraman et a/., 1991; Costa et a/., 1992; Matsuuchi et a/., 1992). 

Recently, Ig-a/lg-yff heterodimers have been shown to be associated wi th all five Ig 

classes and the pattern of glycosylation of the Ig-a chain appears to depend on the 

Ig class wi th which it is associated (Venkitaraman et al., 1991). sIgD can also be 

expressed on B cells as a glycosyl-phosphatidyl inositol (GPI)-linked form which is 

not associated wi th the Ig-a/lg-yff heterodimer (Weinands and Reth, 1991; Weinands 

and Reth, 1992). For a review of GPI-linked proteins see Ferguson and Williams, 

1988. 

The DNA sequences of the mb-1 and B29 genes have been determined 

(Hermanson eta/., 1988; Sakaguchi eta!., 1988; Kashiwamura eta!., 1990; Muller 

et aL, 1992; Reth, 1992; Yu and Chang, 1992) and the protein sequences of Ig-a 

and Ig-yff deduced from them. Structurally, they are very similar to CD3-K, S and -e 



Figure 1.3 B cell antigen receptor complex 

A visual representation of ttie B cell antigen receptor 

complex. The mode of membrane attachment, the 

protein domains present and the degree of glycosylation 

are all included in the diagram. Appendix II lists the 

symbols that are used to represent the various domains, 

the N- and 0-linked oligosaccharides and the disulphide 

bonds. 

Adapted from Barclay et a/., 1993. 
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chains. The extracellular part of both Ig-a and Ig-jff is composed of a single Ig 

C domain (Hermanson eta!., 1988). Both molecules have a 22 amino-acid 

transmembrane segment followed by a carboxy-terminal cytoplasmic tail of 61 (Ig-a) 

and 48 (Ig-yg) amino acids which contain four or two tyrosine residues respectively. 

The cytoplasmic tail of Ig-a and carry a sequence motif which consists of two 

negatively charged amino acids and two tyrosines followed by either a leucine or an 

isoleucine (Reth, 1989). These amino acids would all lie on one side of an a helix (if 

the cytoplasmic tail has this conformation). It is possible that these amino acids 

form a surface for the interaction with cytoplasmic proteins. This motif, termed the 

Ag-receptor homology (ARM1) motif, is also found in the cytoplasmic tail of CD3-f, 

-n, -Y. -S and -e chains (Clevers et a/., 1988) and the FceRI-K chain (Blank et a/., 

1989). 

The mb-1 and B29 genes are only transcribed in B lymphocytes. They are 

expressed in early B cell precursors prior to gene segment rearrangement 

(Venkitaraman et a/., 1991; Leduc et a/., 1992; Mason et a/., 1992; Van Noesel et 

a/., 1992). Cytoplasmic expression of Ig-jff (B29 product) begins in pro-B cells 

(which express terminal deoxynucleotidyl transferase and p chain) and its surface 

expression coincides with the surface expression of Ig (Nakamura et al., 1992). 

However, \g-0, but not Ig-a, is expressed on the surface of plasma cells (Hashimoto 

eta/., 1993). 

1.4 T CELL ANTIGEN RECEPTOR 

The T cell receptor for Ag (TCR) consists of at least seven protein subunits. For 

reviews on the structure of the TCR see Davis and Bjorkman, 1988; Weiss, 1990; 

Weiss, 1991; Moss et a/., 1992. In the majority of T ceils the clonally distributed 

Ag/MHC-binding component exists as a disulphide linked aP heterodimer and only 

0 . 5 - 1 0% of T cells express the yS heterodimer (Groh et a/., 1 989; Inghirami et al., 

1990). The a, /?, y, and S chains have two external Ig-like domains—one variable 

and one constant—one transmembrane portion and a short cytoplasmic tail (Novotny 

et a/., 1 986). The genes encoding the a, P, 6, y chains are organized in a manner 

reminiscent of the Ig genes (Griesser et a!., 1989; van Dongen and Wolvers-Tettero, 

1991). They consist of variable (V), diversity (D), joining (J) and constant (C) region 

gene segments that undergo recombination during thymocyte development (Fowlkes 

and Pardoll, 1989; Clevers and Owen, 1991). 
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The 0 (45 -60 l<Da)jff(40-50 kDa) and k (45 -60 kDa)^(40-60 kDa) 

heterodimers are non-covalently associated with the invariant CDS complex 

(Samelson et a/., 1 985; Brenner et a/., 1 985). The CD3-K (25 -28 kDa), -6 (20 kDa) 

and -€ (20 kDa) chains are members of the ig superfamily (Figure 1.4) and they are 

all encoded for by closely linked genes on human chromosome 11 (Clevers et a/., 

1988; Moss et at., 1 992). There is some evidence for the presence of two CD3-e 

chains per TCR/CD3 complex and a 1:1 ratio of e to ap dimers (Blumberg et al, 

1 990; Konig et a/, 1990; de la Hera et al, 1991; Manolios et al., 1991) and it 

appears that CD3-e chains can associate with either CD3-K or -6 (Blumberg et al., 

1990; Konig et al., 1990; Jin et al., 1990b; Geisler, 1992). These results suggest 

that the TCR/CD3 complex on the cell surface may not be complete a^ydeCC 

complexes but that subcomplexes and may be the favoured units. 

Other research indicates that these subcomplexes would need to be present on the 

cell surface in equal amounts (Alarcon et al., 1991). One current proposal 

incorporating all of these points has the TCR/CD3 complexes on the T cell surface in 

the following proportions: 25% a^Se^^eS^a, 50% and 25% apye^^eypa 

(Green, 1991; Regueiro et al., 1992). However, the presence of two ap dimers per 

complex is speculative at present. 

The CD3-f (16 kDa) and CD3-/? (26 kDa) chains are derived from a single 

gene—located on chromosome 1, close to the FckRH/FckRIM gene cluster (Weissman 

et al., 1 988a; Weissman et al., 1988b; Baniyash et a/., 1989; Huppi et al., 1 989; 

Letourneur et al., 1989; le Coniat et al., 1990; Jensen et al., 1 9 9 2 ) - b y alternative 

splicing events (Jin et al., 1990a; Koyasu et al., 1991). Exons 1 - 8 encode CD3-f 

and exons 1 - 7 plus exon 9 encode CD3-/? (Clayton et al., 1991). The CD3-f and 

CD3-/7 chains form disulphide-linked homodimers or heterodimers within the TCR 

(Baniyash et al., 1988a; Clayton et al., 1 990). One study has shown that it is 

amino acids, which includes the only cysteine, within the transmembrane region that 

mediate dimerization of CD3-f chains and their association with other components of 

the TCR/CD3 complex (Rutledge et al., 1992; Geisler, 1992). However, a point 

mutation within the extracellular C domain of the a chain (phenylalanine valine at 

position 195) prevents the association of the CD-f homodimer wi th the TCR/CD3 

complex (Geisler, 1992). This indicates that both transmembrane and extracellular 

regions are involved in the assembly of the aji heterodimer to the CD3-r homodimer. 

In murine T cells 10% of TCR/CD3 complexes have CDS-f/? heterodimers, 

however, r) mRNA is expressed at very low levels in human T cells and thymocytes 



Figure 1 .4 T cell antigen receptor complex 

A visual representation of the T cell antigen receptor 

complex. The mode of membrane attachment, the 

protein domains present and the degree of glycosylation 

are all included in the diagram. Appendix II lists the 

symbols that are used to represent the various domains, 

the N- and 0-linked oligosaccharides and the disulphide 

bonds. 

Adapted from Barclay et a/., 1993. 
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(Clayton et a/., 1992; Lerner et a!., 1 992; Jensen et a!., 1 993). Thus there does not 

appear to be a CDS-/? chain protein in human T cells. This raises questions as to the 

potential roles that the CDS-/? chain may play in TCR function. 

Many partial TCR/CDS complexes can be formed (Bonifacino et al., 1988), 

but only fully assembled complexes are efficiently transported to the cell surface 

(Minami et ai., 1987; Weissman eta!., 1989). Some partial complexes are stable 

and retained within the endoplasmic reticulum and others are rapidly degraded within 

the endoplasmic reticulum (Klausner et aL, 1990). One partial complex (the full 

complex lacking only CD3-f chains) is transported out of the endoplasmic reticulum 

through the Golgi complex and ends up in lysosomes for degradation (Minami et a!., 

1987; Lippincott-Schwartz eta!., 1988). 

Basic or acidic amino acids within the transmembrane portion of a, and 

CD3-<y chains appear to be responsible for rapid degradation within the endoplasmic 

reticulum (Bonifacino eta/., 1990a; Bonifacino eta/., 1990b; Bonifacino et a/., 

1991). The extracellular domain of the a chain contains a region determining its 

retention within the endoplasmic reticulum (Suzuki et a/., 1991), whereas, CDS-e 

chains have a region within the cytoplasmic domain which acts in a similar way 

(Mallabiabarrena et a/., 1992). The last six amino acids of the cytoplasmic tail (15 

amino acids long) of the adenoviral transmembrane ES/1 9K glycoprotein are 

necessary and sufficient for its retention within the endoplasmic reticulum (Nilsson 

et a/., 1989). The transmembrane endoplasmic reticulum protein UDP-

glurosyltransferase also contains a retention signal in its cytoplasmic domain (Nilsson 

et a/., 1 989). The lysosomal targeting of CDS chains appears to be due to the 

combination of a dileucine motif and tyrosine-containing motif both within the 

cytoplasmic domain (Letourneur and Klausner, 1992a). The transmembrane protein 

lysosomal acid phosphatase also has a tyrosine-containing endocytosis signal in its 

cytoplasmic domain which is necessary and sufficient for targeting to lysosomes 

(Peters et a/., 1 990). The dileucine motif of CDS chains acts as an additional signal 

which alters the route of lysosome-targeted proteins so that they go directly to the 

lysosomes without first passing through the plasma membrane (Letourneur and 

Klausner, 1 992a). It is only with the assembly of complete complexes within the 

endoplasmic reticulum that all of the retention and degradation signals are hidden 

allowing the surface expression of the TCR/CDS complex. Furthermore, the 

cytoplasmic domain and transmembrane portion of the a and ^ chains are sufficient 

for the structural and functional association of the heterodimers with the CDS 
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complex (Tan eta/., 1991). 

1.5 Fc RECEPTORS {FceRI AND FCKRIM) 

The high affinity IgE receptor (FceRI) is only expressed on mast cells, basophils and 

epidermal Langerhan's cells (Ishizaka and Tomioka, 1970; Tomioka and Ishizaka, 

1 971; Bieber e? a/., 1 992; Kuster ef a/., 1 992; Wang ef a/., 1992). For reviews on 

the biology of the FceRI see Kinet, 1990; Conrad eta/., 1991; Ravetch and Kinet, 

1991; Bonnefoy et a/., 1 993. FceRI is a tetramer consisting of three polypeptide 

chains a, and y (Figure 1.5). The FceRI-a chain, which binds IgE, has a very similar 

predicted primary structure to that of the IgG-binding chains of FCKRM and FCKRMI 

(Blank et a/., 1991). The FceRI-a chain is non-covalently associated with one 

FceRI-yff chain and two disulphide-linked FceRI-r chains (Perez-Montfort eta/., 1983). 

The FceRI-/ff chain is predicted to traverse the plasma membrane four times and it 

shows close amino-acid homology with CD20 (Kuster et a/., 1992; Barclay et a/., 

1993). CD20 has ion channel properties (Conley, 1993) but whether FceRI-/ff chain 

has the same properties is not known. FceRI and CD20, along with CD9, CD37, 

CD53, CD63, and TAPA-1, have been grouped together into the transmembrane 

4-pass superfamily (Barclay et a/., 1 993). FceRI-K chain has 86% amino-acid 

homology across animal species and is related to the CD3-f chain (Kuster et a/., 

1990). In transfection experiments the CD3-f chain can substitute (assembly and 

function) for the FceRI-K chain (Howard et a/., 1 990). 

One study using site directed mutagenesis has demonstrated that while large 

changes in the cytoplasmic domain does not affect the level of expression of the 

FceRI-or chain, small changes in the transmembrane region markedly reduce its 

expression (Varin-Blank and Metzger, 1990). This observation, taken together with 

the previously noted instability of the complex in detergent (Rivnay et a/., 

1 982), suggests that the transmembrane regions are the principal sites of interaction 

between the subunits. In particular, an aspartic acid residue (Bonifacino et a/., 

1991) and possibly a leucine residue (Kurosaki et a/., 1991), in the transmembrane 

region play a critical role in interchain interactions or they may act as an endoplasmic 

reticulum-retention and -degradation signal. In mouse and rat, FceRI-yS and -y chains 

facilitate the surface expression of FceRI-a chains (Blank et a/., 1989; Ra et a/., 

1989b), whereas in man, the FceRI-K chain alone is sufficient (Miller eta/., 1989). 

FCKRIII (50-70 kDa) has the lowest measured affinity of all the FCKR, with â  

(wlmrw 



Figure 1.5 FckRIH and FceRI 

A visual representation of Fc/RIII and FceRI. The mode 

of membrane attachment, the protein domains present 

and the degree of glycosylation are all included in the 

diagram. Appendix II lists the symbols that are used to 

represent the various domains, the N- and 0-l inked 

oligosaccharides and the disulphide bonds. 

Adapted from Barclay et a!., 1993. 
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~ 5 X 1 0® (Simmons and Seed, 1988) and is expressed on NK cells, 

neutrophils, mononuclear phagocytes, eosinophils and a subpopulation of T cells 

(Fleit et a/., 1982; Perussia eta!., 1984; Looney eta/., 1986). The extracellular 

Ig-binding domain is homologous to the Ig-binding domains of FCKRII and FceRI 

(Ravetch and Kinet, 1991). 

In the murine macrophage, FCKRMI associates with FceRI-K chains (Figure 1.5); 

as KK homodimers (Ra et a/., 1989a). In human NK cells FCKRIH associates with 

CD3-f chains; as homodimers (Anderson et a/., 1989; Lanier et a!., 1989a; 

Anderson et a/., 1990). We now know that FCKRIH can be associated with CD3-ff 

or -yy homodimers or -^y heterodimers (Letourneur et a/., 1991; Vivier et a/., 1 991 a). 

The FceRI-K chain can associate with the TCR/CD3 complex in different dimeric 

forms: yy homodimers, fx and nv heterodimers (Orloff et a/., 1990). So the FceRI-K 

chain is a component of at least three receptor complexes (FceRI, FCKRIM and TCR) 

and the CD3-f chain at least two (FCKRIM and TCR). However, the yy homodimer is 

preferentially expressed in natural killer cells and cytotoxic T cells which suggests 

that the FceRI-K and CD3-f chains may have distinct functions (Vivier et a!., 1992a). 

Comparison of the FceRI-K (Kuster et a/., 1990) and CD3-f (Weissman et a/., 

1 988a; Weissman et a/., 1 988b; Baniyash et a!., 1989) genes suggest that they 

were generated by gene duplication (Kuster etaL, 1990). Recently, CD3-eK«5 

complexes have been detected in foetal NK cells and CD3-e chains (but not -y or -6 

chains) in activated adult NK cells (Lanier et a!., 1992a). The FceRI-K and CD3-f 

chains are required for the efficient expression of the receptors with which they are 

associated. The FCeRI-K chain facilitates the surface expression of the mouse (Ra et 

a/., 1989a), human (Hibbs eta/., 1989; Kurosaki eta/., 1991) and rat (Farber and 

Sears, 1991) FCKRIH receptors. 

In man, there is a second FCKRMI gene with a single base difference which 

results in a GPI-membrane linkage with the concomitant loss of the transmembrane 

and cytoplasmic domains (Kurosaki and Ravetch, 1989; Lanier et a!., 1989b; 

Ravetch and Perussia, 1989). The GPI-linked form of this receptor (FCKRINB) is 

found on neutrophils and the transmembrane form (FCKRNIA) on both NK cells and 

mononuclear phagocytes (Edberg et al., 1989; Ueda eta!., 1989; Ravetch and 

Perussia, 1989). However, FCKRMIB (GPI-linked) appears to be the dominant 

receptor structure (compared with FCKRINA) for immune complex activation of 

neutrophils (Hundt and Schmidt, 1992). 
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The efficient surface expression of human FCKRIIIA requires the FC6RI-K chain, 

whereas, no such requirement has been shown for the GPI-linked form (Kurosaki and 

Ravetch, 1989; Hibbs eta/., 1989; Lanier e? a/., 1989b). Macrophage and NK cell 

FCKRIMA is capable of ADCC of tumour cell targets (Titus et a/., 1987; Lanier et aL, 

1988) and phagocytosis (Ravetch and Kinet, 1991), whereas, FCKRIMB (GPI-linked 

form) is not (Fanger et at., 1989; Shen et a/., 1989). At this stage, we can only 

speculate as to the precise roles of the different forms of FCKRIH-

1.6 LEUKOCYTE COMMON ANTIGEN (CD45) 

The leukocyte common antigen or CD45 is a family of transmembrane glycoproteins, 

with molecular weights ranging from 180-240 kDa, found only in nucleated cells of 

the haemopoietic lineage. The extracellular domain of CD45 bears the hallmark of a 

ligand binding structure and one report suggests that CD22 jff chains on B cells can 

ligate CD45 on T cells (Stamenkovic et a/., 1991). Other ligand(s) have not been 

identified yet. For reviews of CD45 see Thomas, 1989; Trowbridge, 1991; 

Trowbridge et at., 1991; Barclay and McCall, 1992; Trowbridge and Thomas, 1994. 

CD45 is one of the most abundant leukocyte cell surface glycoproteins, probably 

accounting for 10% of the total surface protein (Trowbridge et a!., 1991) and 

covering up to 30% of the cell surface area (Barclay et a!., 1993). Approximately 

1 x 1 0 ^ CD45 molecules are present on the B and T lymphocyte cell surface (Barclay 

et aL, 1993). The extracellular domain is 391 to 552 amino acids long and is 

heavily glycosylated (Figure 1.6), approximately 25% by weight, with 11 to 1 8 

potential N-linked sites: the rat thymocyte form, with 14 sites, has all but one of 

these sites glycosylated (Barclay et aL, 1987). Electron microscopy (Figure 1.6) of 

rat thymocyte CD45 indicates that the extracellular part forms a 'rod' of length 

28 nm and the cytoplasmic region is a globular domain with a diameter of about 

12 nm (Woollett et a/., 1985a; McCall et a!., 1 992). 

The complete primary structures of human, rat and mouse CD45 have been 

deduced from their cDNA nucleotide sequences (Thomas et a!., 1985; Saga et a!., 

1 986; Barclay et a/., 1 987; Ralph et a/., 1 987; Saga et a/., 1 987; Streuli et a/., 

1987). The molecule consists of a large amino-terminal extracellular domain, a 

single transmembrane region, and a large carboxy-terminal cytoplasmic portion 

which consists of two tandem repeats of approximately 300 amino acids. A 

cytoskeletal protein, fodrin, has been shown to associate with the cytoplasmic 

domain of CD45 (Bourguignon et al., 1985; Suchard and Bourguignon, 1987; Taffs 



Figure 1.6 Leukocyte common antigen {CD45) 

A visual representation of the leukocyte common 

antigen. The mode of membrane attachment, the protein 

domains present and the degree of glycosylation are all 

included In the diagram. Appendix II lists the symbols 

that are used to represent the various domains, the N-

and 0-llnked oligosaccharides and the disulphlde bonds. 

Adapted from Barclay et a/., 1993. 
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and Ewald, 1 989) and this domain has two tyrosine-specific phosphatase domains 

(Tonks et a/., 1988; Streuii et a/., 1989; Tonks et a!., 1990), of which only one has 

enzymatic activity (Streuii et a!., 1990; Cho eta/., 1992; Itoh eta/., 1992; Johnson 

et a!., 1 992; Saito et at., 1 992). 

CD45 isoforms—identified from cDNA sequences obtained from rat, mouse 

and human lymphocytes—are expressed in a cell-type specific manner (Lefrancois et 

a/., 1986; Thomas, 1989; Rogers et a!., 1992) and all eight possible isoforms appear 

to be expressed in lymphocytes (Saga et a!., 1990a). The isoforms are generated by 

alternative splicing of exons 4, 5, and 6 (Thomas et a!., 1987; Hall et a!., 1988; 

Saga et a!., 1988; Johnson et a!., 1989a); these exons are also known as A, B, and 

C respectively (Figure 1.7). In addition, exon 7 may be variably expressed in some 

lymphocytes which generates a ninth isoform (Chang et aL, 1991). Further diversity 

can be generated by cell-type specific glycosylation which may modify both 0- and 

N-linked oligosaccharides (Trowbridge and Thomas, 1994). 

The protein sequence encoded by exons 3 to 8 lacks cysteine but is rich in 

serine, threonine and proline (Barclay et aL, 1987). This region—close to the amino-

terminal of the extracellular domain—probably forms an extended structure and has 

a high content of 0-linked carbohydrate (Jackson and Barclay, 1989). Changes in 

the primary structure of this region will have a dramatic effect on the overall 

conformation of the extracellular domain (Figure 1.6): its length varies from 

28-51 nm as measured by electron microscopy (McCall et a!., 1992). The control 

of alternative splicing of the CD45 pre-mRNA is not completely understood but it 

appears to involve at least one cell-type specific negative regulatory trans-actmg 

factor (Streuii and Saito, 1989; Saga eta!., 1990b; Rothstein et aL, 1992). 

There are many mAb which react with epitopes dependent on the expression 

of each of exons A, B and C: the epitopes are known as CD45RA, CD45RB, 

CD45RC respectively (Thomas and Lefrancois, 1988; McCall et a/., 1992) and the 

mAb anti-CD45RA, anti-CD45RB, and anti-CD45RC respectively. The smallest 

isoform lacks CD45RA, CD45RB, and CD45RC epitopes but it has a new epitope 

called CD45R0 and one mAb (anti-CD45RO) reacts specifically with this isoform 

(Smith et a/., 1 986). 

The ablation of CD45 expression by homologous recombination provides a 

model to study CD45 function in vivo. Mice have been developed in which exon 6 



Figure 1.7 Generation of CD45 isoforms 

The variable use of three exons (A, B, and C) generates 

eight isoforms. Alternative splicing of the CD45 

pre-mRNA produces mRNA for each of the CD45 

isoforms. The amino-acid sequences generated from 

these exons are inserted immediately after the amino-

terminal eight amino-acids found in all isoforms. 

Adapted from Thomas, 1989. 
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of the CD45 gene has been disrupted by the insertion of a neomycin resistance gene 

(Kishihara eta!., 1993). Little expression of all CD45 isoforms was detected on all 

mature leukocytes from these animals but near normal numbers of thymocytes were 

present, of which 3 -5% expressed CD45 of undetermined isoform(s). However, the 

number of mature-single-positive thymocytes —both CD4 + CD8^ and 

CD4""CD8^ —and mature T cells was drastically reduced. This suggests that T cell 

development in these animals is blocked in double-positive thymocytes by a 

mechanism which may involve positive selection. The production of mature B cells 

in these mice was relatively unaffected. 

1.7 SIGNAL TRANSDUCTION BY THE T CELL ANTIGEN RECEPTOR 

The activation of T cells by Ag plus MHC initiates an ordered sequence of 

biochemical changes and generates signals that are transmitted from cell surface to 

the nucleus. T cell activation can manifest itself in a variety of ways including: 

the expression of activation markers such as the interleukin-2 (IL-2) receptor, the 

synthesis and secretion of lymphokines, the development of cytotoxic activity, and 

clonal proliferation. For reviews of T cell activation see Weiss and Imboden, 1987; 

Altman eta!., 1990; June, 1991; Chan et a/., 1992a; Malissen and Schmitt-

Verhulst, 1993; Crabtree and Clipstone, 1994. 

Crosslinking the TCR/CD3 complex by mAb —both anti-CD3 or 

anti-TCR—induces at least three rapid biochemical changes that are probably 

important in signal transduction: 

(i) an increase in the concentration of 'free' calcium in the cytosol (Gardner, 

1989; Gardner, 1990), which probably leads to activation of the 

Ca^^/calmodulin-dependent phosphatase calcineurin (Schreiber and Crabtree, 

1992), 

(ii) activation of the serine/threonine kinase, protein kinase C (Weiss et al., 

1986; Isakov et a/., 1987; Farago and Nishizuka, 1990), which in turn 

activates secondary signal transducers, such as p21''̂ ® and the kinase 

encoded by raf—protein kinase C (PKC) also serine phosphorylates the CD3-K 

chain (Farago and Nishizuka, 1990), 
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(iii) tyrosine phosphorylation of a number of proteins, including the CD3-f 

chain (Samelson et al., 1986a; Patel eta!., 1987; Klausner eta/., 1987; 

O'Shea et a/., 1 987; Baniyash et a!., 1 988b; Hsi et a!., 1 989; June et a!., 

1990a; Saltzman et a/., 1990; Burgess et a/., 1992). 

The elevation of cytoplasmic 'free' calcium (t[Ca^^]|) and the activation of 

PKC are a result of the hydrolysis of phosphatidylinositol 4,5-biphosphate (PiPg) by 

phospholipase C (Billah and Anthes, 1990; Catt eta/., 1991; Meldrum eta/., 1991) 

which yields the second messengers 1,2-diacylglycerol and inositol 1,4,5-

triphosphate. 1,2-diacylglycerol activates PKC and inositol 1,4,5-triphosphate 

mobilizes Ca^^ from intracellular stores (f[Ca^'*']j). T cell activation can be induced 

by treatment with a calcium ionophore plus a phorbol ester (Weiss et a/., 1986). So 

it appears that an t[Ca^^]j together with activation of PKC, by a phorbol ester, are 

sufficient for T cell activation (Figure 1.8). 

1.7.1 Role of tyrosine phosphorylation 

Phosphorylation of tyrosine residues is essential to the stimulation of cell 

proliferation induced by polypeptide growth factors such as epidermal growth factor 

(Ushiro and Cohen, 1980; Wahl et a/., 1988; Margolis et a/., 1989; Meisenhelder et 

a/., 1989), platelet-derived growth factor (Ek eta/., 1982; Nishimura et a/., 1982; 

Meisenhelder eta/., 1989), insulin (Kasuga eta/., 1983), colony-stimulating factor 1 

(Sherr et a/., 1985; Sherr, 1990), and stem cell growth factor (Zsebo eta/., 1990; 

Reth eta/., 1991a; Rottapel et a/., 1991; Alai et a/., 1992). These growth factors 

bind to a cell surface receptor which is a tyrosine kinase (Hunter and Cooper, 1985; 

Zsebo eta/., 1990). Many cytokines, including IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 

GM-CSF and erythropoietin, have been shown to induce tyrosine phosphorylation 

(Koyasu et a/., 1 987; Isfort et a/., 1 988; Moria et a/., 1 988; Saltzman et a/., 1 988; 

Kanakura eta/., 1990; Linnekin and Farrar, 1990; Murata eta/., 1990; Quelle and 

Wojchowski, 1991; and reviewed by Miyajima et a/., 1992). So the possibility that 

tyrosine phosphorylation of proteins plays an important role in transmembrane 

signalling through the TCR can not be ignored (Ullrich and Schlessinger, 1990). In 

addition, tyrosine phosphorylation also plays a role in the regulation of receptor 

signalling (Hunter and Cooper, 1985; Sibley et a/., 1987) and tyrosine 

phosphorylation of CD3-f chains may affect signalling through the TCR in a both a 

quantitative and a qualitative way. Thus, the phosphorylation status of the receptor 

may determine whether or not activation occurs as well as which pathways are 



Figure 1 .8 Signal transduction by the T cell antigen receptor 

A schematic representation of the key 'players' In signal 

transduction by the T cell antigen receptor. A full 

description of signal tranductlon by TCR appears In the 

main text. The arrows define potential regulatory 

Influences. An early event during signal transduction Is 

the activation of protein tyrosine kinases (p56'^'^ and 

p59^^^). ZAP-70 could bind to the tyrosine-

phosphorylated TCR/CD3 complex via the SH2 domains. 

Other enzymes activated by tyrosine phosphorylation 

include P L C - k 1 , IVIAP kinase kinase and raf kinase. 

CD45 is a protein tyrosine phosphatase which can 

influence these events. Protein-protein Interactions 

involving SH2 and SH3 domains also play a role In the 

signalling pathway Involving the small G proteins and the 

proto-oncogene ras. 

Adapted from Perlmutter et a/., 1993. 
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stimulated. 

A number of recent findings provide strong evidence for the notion that 

tyrosine phosphorylation plays an essentia! role in T cell activation induced by 

ligation of the TCR. The first good evidence came from treating T cells with tyrosine 

kinase inhibitors such as herbimycin A; which markedly diminish signal transduction 

through the TCR. For reviews of the role of tyrosine phosphorylation in T cell 

activation see Klausner and Samelson, 1991; Mustelin and Altman, 1991; Sefton 

and Campbell, 1991; Samelson and Klausner, 1992; Isakov, 1993; Perlmutter eta/., 

1993; Chan et a/., 1994b. The best evidence comes from the observed functional 

deficit resulting from the absence of the protein-tyrosine-phosphatase CD45. A 

variant of a CD4^ T cell clone (non-transformed) which lacks surface expression of 

CD45 can proliferate in response to IL-2 but can not respond to ligation of its TCR 

by Ag (Pingel and Thomas, 1989). Similarly, CD45-deficient cells of a CD8+ T cell 

clone do not respond to TCR ligation and all functional parameters such as target cell 

killing, proliferation and cytokine production are impaired (Weaver eta/., 1991; 

Weaver et a/, 1992). Revertant cells expressing normal levels of CD45 regain the 

ability to respond appropriately to TCR ligation by Ag (Pingel and Thomas, 1989; 

Weaver et a/., 1991; Weaver et a/., 1 992). 

Similar results were obtained using CD45-deficient human leukaemic T cell 

lines. In these cells CD45 is required for the ttCa^ + jj, generation of inositol 

phosphates, increase of tyrosine phosphorylation and secretion of IL-2 following CDS 

crosslinking (Koretzky eta/., 1990; Koretzky eta/., 1991; Peyron eta/, 1991; Deans 

et a/., 1 992). Reconstitution of surface CD45 expression by gene transfer fully 

restores their ability to respond appropriately (Koretzky et a/., 1990; Koretzky et a/., 

1992). Furthermore, the cytoplasmic domain of CD45 is sufficient to restore TCR 

signalling in these cell lines (Hovis eta/., 1993; Volarevic eta/., 1993; Desai et a/., 

1 993). However, this does not eliminate the possibility that the extracellular domain 

plays a role in the regulation of normal CD45 function in vivo. The signalling 

pathway in CD45-deficient cells appears to be blocked at an early stage—either 

before or immediately after Ag recognition —and the block can be overcome by 

treatment with a calcium ionophore plus a phorbol ester (Koretzky et a/., 1991; 

Peyron et a/, 1 991). 

The tyrosine phosphorylation events seen following CD3 crosslinking are not 

induced by aluminium fluoride, which directly induces PiPg hydrolysis, or calcium 
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ionophore plus phorbol ester (Patel et a/., 1987; O'Shea et a/., 1987). Moreover, 

depleting PKC, by prolonged exposure to phorbol esters, does not affect tyrosine 

phosphorylation induced by CDS crosslinking (Patel eta/., 1987). These results 

suggest that TCR/CD3 ligands induce tyrosine phosphorylation by a mechanism 

independent of PiPg hydrolysis, t[Ca^"'"]j and PKC activation. Furthermore, tyrosine 

phosphorylation of two proteins (pplOO and pp135), detected within 5 -30 seconds 

of TCR occupancy, precedes PiP2 hydrolysis (June et a/., 1990a) and tyrosine kinase 

activity appears to be required for PiP2 hydrolysis as well as other events associated 

with activation, including increased CD25 expression and cell proliferation (Mustelin 

et a!., 1990; June et a!., 1990b). 

Phospholipase C-K1 (PLC-KD tyrosine phosphorylation follows the ligation of 

the epidermal growth factor receptor and platelet-derived growth factor receptor 

(Wahl et aL, 1988; Margolis et aL, 1989; Meisenhelder et a/., 1989) and tyrosine-

phosphorylated PLC-^I has increased enzymatic activity (Nishibe et a!., 1990; 

Cantley et a!., 1991; Kim et a!., 1991). Crosslinking CDS also induces the tyrosine 

phosphorylation (Park et a/., 1 991 b; Secrist et a/., 1991; Weiss et a/, 1991) and 

activation of PLC-K1 (Ledbetter et at, 1991a; Kanner and Ledbetter, 1992; Kanner et 

at, 1992b). Furthermore, tyrosine phosphorylation appears to be required for PLC 

activation because tyrosine kinase inhibitors can block PLC-K1 activation (Musteiin et 

a/, 1 990; June et al, 1 990b), and the tyrosine kinase p56'°'^ associates with PLC-K1 

after stimulation of the TCR/CD3 complex (Weber et a/., 1 992). 

So it appears that tyrosine phosphorylation induced by TCR/CDS ligation may 

regulate PiPg hydrolysis by activating PLC-^I • However, PLC (purified jffi and ^2 

isoforms) can be activated by G proteins (Camps eta!., 1992; Ross, 1992) and G 

proteins are able to activate PLC in T cells (Coggeshall and Altman, 1989; Graves et 

a/., 1990). Furthermore, PLC activation in T cells occurs following ligand binding to 

a transfected p adrenergic receptor; this receptor is known to be coupled to 

G proteins in other systems (Goldsmith et aL, 1989). For reviews of the role of 

G proteins in signal transduction see Harnett and Klaus, 1 988; Taylor, 1 990; Harnett 

and Rigley, 1992; Ross, 1992; Cantrell, 1994. 

Recently, G proteins have been found to be associated with the TCR/CDS 

complex (Ohmura et a/., 1992; Peters et a!., 1993), both CD4/p56'°'^ and CD8/p56'°'^ 

complexes (Telfer and Rudd, 1991) and a guanine-nucleotide exchange protein for 

p21''̂ ® has been found to associate with p56'°'̂  (Amrein et a!., 1992). Not 



19 

surprisingly, there are indeed multiple sites of regulation of PiP2 turnover (Inokuchi 

and Imboden, 1990). So the roles of tyrosine kinases and G proteins in the 

regulation of PiP2 turnover in T cells remain to be defined (Harnett and Rigley, 

1992). However, pharmacological experiments suggest that CDS induced PiP2 

hydrolysis occurs by increasing the level of tyrosine phosphorylation and not by 

activating a G protein (Biffen et aL, 1993). 

1.7.2 Role of the CD3-f chain 

T cells expressing TCR/CD3 complexes containing a truncated form of the CD3-f 

chain which lacks its cytoplasmic tail do not, in response to Ag stimulation, produce 

IL-2 (Frank et a!., 1990). Other studies have examined the function of CDS-fand 

FceRI-K chains by constructing chimeric molecules made up of the extracellular and 

transmembrane regions of various membrane proteins joined to the cytoplasmic tails 

of the CD3-R or FceRl-x chains. This procedure enables the function of the C D 3 - F 

and FceRI-K tails to be examined in isolation—not in complete FcR or TCR/CD3 

complexes —in cells which express these receptors. A C D 8 / F chimera, transfected 

into the human T cell line Jerkat ( C D 4 + C D 8 " ) , can induce tyrosine phosphorylation, 

PiPg hydrolysis, t[Ca^"'"]| and lL-2 production when crosslinked by anti-CD8 mAb 

(Irving and Weiss, 1991). The chimeric CD8/f chains, but not the endogenous 

C D 3 - F chain, are tyrosine phosphorylated. CD4/F, CD4//7 and C D 4 / k chimeras are 

able to 1'[Ca^"'"]| in Jerkat cells (Romeo and Seed, 1991). Furthermore CD8 + CD4" 

T cells transfected with these CD4 chimeras were able to kill targets expressing 

human immunodeficiency virus gpl 20/41, a protein which binds specifically to CD4 

(Romeo and Seed, 1991). Other chimeric molecules made up of the a chain of the 

IL-2 receptor (extracellular portion) and C D 3 - F chain (cytoplasmic tail) are able to 

induce IL-2 production by T cells and serotonin release in rat basophilic leukaemia 

cells (Letoureur and Klausner, 1991). 

Truncation of the cytoplasmic tail of both CD3-f and FceRI-x chains abolishes 

the ability of the chimeric molecules to activate T cells and basophils. In these 

experiments the CD3-f chain was considerably more potent than the FceRI-K chain in 

activating the cells. Furthermore, in TCR/CD3 complexes the CD3-f& -f/7 and -nn 

dimers were all able to induce ^[Ca^ + jj, PiPg hydrolysis and IL-2 production (Bauer 

et a/., 1991). So it is possible that the CD3-f, -q and FceRI-K chains are responsible 

for modulating the level of stimulation of the same biochemical pathways rather than 

stimulating different pathways. 
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An eighteen amino-acid sequence from the cytoplasmic tail of the CD3-f and 

FceRI-K chains, when fused to the cytoplasmic tail of other transmembrane proteins, 

is sufficient to impart signal transducing activity on the chimeric proteins (Kinet, 

1992). Two tyrosine residues are required for activity and the CD3-f, -rj and FceRI-K 

chains have 3, 2 and 1 copies of this sequence respectively and mutation of either 

of the two tyrosine residues abolishes its signalling capacity (Romeo et al., 1992). 

The number of this motif may confer different degrees of potency on the CD3-f, -n, 

and FceRI-K chain dimers and thereby give the cell a means of controlling the 

efficiency of transmembrane signalling. Crosslinking CD3-f chimeras in which the 

integrity of only one of the three copies of the motif is preserved results in less 

potent signalling when compared to that of chimeras containing intact copies of all 

three motifs (Wegener eta/., 1992; Romeo eta/., 1992; Malissen and Schmitt-

Verhulst, 1993). 

Similar motifs have been identified in CD3-(J, CD3-K, Ig-or and lg-/ff, FceRI-yff 

chains (Reth, 1989), the latent membrane protein (LMP2A) of Epstein-Barr virus and 

the envelope protein (gp30) of bovine leukaemia virus (Alber et a/., 1993). The 

elimination of the motif from the FceRI-jff chain, by truncating the carboxy-terminal 

part of its cytoplasmic tail, abolishes the capacity of FceRI to activate mast cells 

(Alber et a/., 1991). In contrast, truncating the cytoplasmic tail of FceRI-a chain or 

the amino-terminal part of the FceRI-yff chain cytoplasmic tail (this part of the 

molecule does not contain the motif) has no effect on receptor function. Clearly, the 

FceRI-/ff chain plays a role in FceRI signal transduction, however, a chimeric molecule 

containing the carboxy-terminal part of the cytoplasmic tail of FceRI-jff failed to 

activate rat basophil leukaemia cells (Kinet, 1992). 

Chimeric constructs containing a twenty-two amino-acid portion of the CD3-e 

chain, homologous to the eighteen amino-acid motif of CD3-f, have the capacity to 

initiate T cell activation and mutation of either of the two tyrosine residues abolishes 

the signalling capacity of this motif (Letourneur and Klausner, 1992b). Furthermore, 

the possibility that CD3 chains other than the fare directly involved in signal 

transduction is implied by the observation that T cell activation can be induced by 

crosslinking TCR/CD3 complexes lacking functional CD3-f chains (Wegener et a/, 

1992). However, Ag induced lL-2 secretion induced by crosslinking this TCR was 

reduced ten-fold relative to the wild type receptor (Hermans and Malissen, 1993). It 

has been shown that CD3 e can also mediate TCR signal transduction (Letourneur 

and Klausner, 1992b). In addition, it was noted that different substrates were 
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tyrosine phosphorylated following T cell stimulation through the cytoplasmic tails of 

CD3-f and CD3-e. This finding suggests that these two components of the CDS 

complex activate different biochemical pathways. 

The CD3-f chain and the FceRI-K and -ji chains are phosphorylated on tyrosine 

residues following receptor crosslinking (Baniyash et a!., 1988b; Paolini eta!., 

1991). The phosphorylation of FceRI-K and -/ff chains is specific for aggregated 

receptors and following the release of bound ligand they are immediately 

dephosphorylated. This suggests that receptor phosphorylation on tyrosine residues 

is required for the receptor to interact with and stimulate the intracellular machinery 

involved in cell activation. However, mutation of individual tyrosines in the 

cytoplasmic tail of CD3-f chain with consequent alteration of its tyrosine 

phosphorylation state has no effect on the signal transduction through the TCR/CD3 

complex and the production of lymphokines (Frank et aL, 1992). This result has 

implications for the role of the CD3-f chain tyrosine phosphorylation in T cell 

activation. 

Following TCR activation a 70 kDa tyrosine-phosphorylated protein 

(ZAP-70) associates specifically with tyrosine phosphorylated CD3-f chain 

(Figure 1.8) in stimulated receptor complexes (Chan eta!., 1991). This efficient 

association of ZAP-70 with CD3-f chains requires the presence of p56'°'^ (Iwashima 

et a/., 1 994). ZAP-70 has tyrosine kinase activity —belonging to the syk family of 

protein tyrosine kinases (Wange et a/., 1992) —and is expressed in both T cells and 

NK cells (Chan et a/., 1992b). ZAP-70 has been found to be defective in people 

suffering from an autosomal recessive form of severe combined immunodeficiency 

disease (Arpaia eta/., 1994; Chan et a/., 1994a; Elder et al., 1994). Recently, 

ZAP-70 has been shown to associate with the CD3-6 chain (Wange et a!., 1992; 

Straus and Weiss, 1 993) as well as the CD3-f chain and the association is a src-

homology 2 (SH2) domain/phosphotyrosine interaction (Burns and Ashwell, 1993; 

Iwashima et at., 1993; Sefton and Taddie, 1994). ZAP-70 can not phosphorylate 

CD3-f chains in vitro but p56''^'' can (Chan et a!., 1 994b), so it appears that p56''̂ '̂  

plays a role 'upstream' of ZAP-70 in signal transduction and it is likely to be 

responsible for phosphorylating the CD3-f chain tyrosines. The cDNA sequence 

predicts that ZAP-70 is 620 amino acids long with two amino-terminal SH2 domains 

and a carboxy-terminal tyrosine kinase domain. 

There is a functional association of ZAP-70 with src-family of tyrosine 
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kinases. Simultaneous expression of ZAP-70 and either or p59^^" in COS cells 

(which stably express the CD8/f chimeric molecule) induce tyrosine phosphorylation 

of CD8/f and a large number of unidentified proteins. These tyrosine kinases alone 

do not induce the tyrosine phosphorylation of the CD8/f molecules (Burns and 

Ashwell, 1993). The association of ZAP-70 with CD3-e and - f chains may explain 

how chimeric molecules containing just the cytoplasmic domain of these CDS chains 

can signal in the absence of other components of the TCR/CD3 complex. 

Furthermore, this association may explain the requirement for tyrosine residues on 

the cytoplasmic domain of the CD3-e chain for signal transduction through this 

molecule. No substrates of ZAP-70 have yet been characterized (Hivroz and Fischer, 

1994). 

Several cytoplasmic proteins carry the SH2 domain which has a binding site 

for phosphoryiated tyrosines (Koch et a!., 1991; Cantley et a/., 1991). SH3 

domains, which appear to mediate cytoskeletal interactions, are frequently found 

near to SH2 domains (Koch et a/., 1991). For reviews of SH2 and SH3 domains see 

Pawson and Schlessinger, 1993; Morton and Campbell, 1994. SH2 containing 

proteins include src-family of tyrosine kinases, ZAP-70, PLC (y^ and y2), ras-

activating proteins, the regulatory subunit of phosphatidylinositol 3'-kinase, and the 

tyrosine phosphatase PTP1C [Figure 1.8] (Koch eta!., 1991; Williams, 1992). SH2 

domains bind to phosphotyrosine residues and are able to discriminate between 

phosphotyrosines that have different flanking sequences (Eck et al., 1993; Songyang 

et a!., 1993). The binding of SH2 domains to tyrosine containing molecules is thus 

regulated by phosphorylation/dephosphorylation of the tyrosine residue. In addition, 

an SH2 domain of a molecule with tyrosine kinase activity can interact with a 

phosphotyrosine elsewhere on the same molecule and controls its own enzymatic 

activity (Matsuda et a!., 1990b). SH3 domains are involved in recruiting molecules 

to protein assemblies by binding to proline-rich peptides in a partially specific way 

(Morton and Campbell, 1994). 

An interesting SH2/SH3 containing protein is called vav (Puil and Pawson, 

1 992). Vav is only expressed in cells of haemopoietic origin regardless of their state 

of differentiation (Katzav eta/., 1989; Coppola eta/., 1991). Vav associates with 

the PDGFR and epidermal growth factor receptor and is phosphoryiated by the 

receptors when they have bound ligand (Bustelo et a!., 1992; Margolis et al., 1992). 

Vav is also tyrosine phosphoryiated following TCR/CD3 and FceRI crosslinking 

(Bustelo et al., 1992; Margolis et al., 1992), however, the tyrosine kinases 
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responsible have not been identified. 

Vav has motifs reminiscent of several transcriptional factors: a helix-loop-

helix homologous to c-myc, a zinc finger-like region with conserved cysteine and 

histidine residues, and an incomplete leucine zipper motif (Puil and Pawson, 1992). 

So there is a possibility that vav can link tyrosine kinase containing receptor 

complexes with transcriptional events (Bustelo et aL, 1992; Margolis eta!., 1992). 

Vav also has a region which is closely related to a domain present in three other 

proteins: Cdc24 and the proteins derived from the human gene bcr and the human 

oncogene db! (Puil and Pawson, 1 992; Adams et a/., 1 992). The functions of the 

bcr gene product are not known (Campbell and Arlinghaus, 1991; Daley and Ben-

Neriah, 1991). Cdc24 is a cell division-cycle protein which, along with Cdc42, is 

involved in the regulation of cytoskeletal organization and cell polarity (Drubin, 

1991). Db! is a cytoskeletal protein which can act as a guanine-nucleotide exchange 

protein for the human homologue of Cdc42: Cdc42 is a member of the r/^o-subfamily 

of ras-like molecules (Hart etaL, 1991; Goldschmidt-Clermont eta/., 1992; Shon et 

a/., 1992). 

The ras-family consists of low molecular weight GTP-binding proteins 

(G proteins) found on the inner surface of the plasma membrane which are involved 

in the regulation of cell growth and differentiation, in vesicular transport, and in the 

control of the cytoskeleton (Hail, 1990; Goldschmidt-Clermont et a!., 1992). By 

catalysing the dissociation of GDP from the G protein, the guanine-nucleotide 

exchange protein effectively increases the enzymatic activity of the ras-like 

molecules: the ras-GDP dissociation rate constant is accelerated by 10^ following 

the addition of a yeast guanine-nucleotide exchange protein called Cdc25. This 

activity has been demonstrated for vav (Gulbins et a/., 1 993) and therefore vav, like 

Cdc 24, may have a role in cytoskeletal organization (Downward, 1992). These 

studies are at an early stage and there is still no clear mechanism of TCR coupling to 

p21''̂ ® (Figure 1.8). It is also possible that other G proteins are involved in T cell 

activation. T cells express rho and rac, which in fibroblasts are involved in the 

regulation of membrane morphology and hence in controlling changes in cell shape 

(Ridley and Hall, 1992; Ridley et a/., 1992). Furthermore, rho has been implicated in 

the function of cytotoxic T cells (Lang et at., 1 992) which implies that there may be 

as yet unexplored regulatory interactions between the TCR and the rho/rac G 

proteins, analogous to those of TCR and p2f^^. 
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1.7.3 Role of p56''='' 

The amino-acid sequences of the TCR/CD3 components do not contain any known 

tyrosine kinase domains (Klausner and Samelson, 1991). Consequently, the TCR is 

probably coupled to a non-receptor tyrosine kinase. Both p56''̂ '̂  and p59^y" are 

members of the src-family of cytoplasmic tyrosine kinases (Cooper, 1990; Abraham 

and Veillette, 1991; Bolen et a!., 1 991; Bolen et a/., 1 992). They bind to the 

cytoplasmic face of the plasma membrane through an amino-terminal myristylated 

glycine at residue 2. They all have a unique 80 amino acids in the amino-terminal 

region that may dictate specific associations, an SH3, an SH2, a carboxy-terminal 

catalytic domain and a negative-regulatory tyrosine residue very close to the 

carboxy-terminal end. There is some genetic evidence for the notion that SH2/SH3 

domains on p56'̂ '̂  and p59^^" play a very important role in signal transduction 

through the TCR/CD3 complex (Veillette eta/., 1992; Caron et al., 1992). 

p59^^" is found in a variety of tissues but the protein found in T cells arises 

from a uniquely spliced form of the gene (Cooke and Perlmutter, 1990; Davidson et 

a/., 1 992). p56'°'^ is expressed at high levels only in T cells (Marth et a/., 1 985; 

Veillette eta/., 1987; Reynolds eta/., 1990; Beyers eta/., 1992) and it is physically 

associated with the cytoplasmic domains of CD4 and CDS (Rudd et a/., 1988; 

Veillette et a/., 1 988a; Shaw et a/., 1989; Turner et a/., 1990; Beyers et a/., 1991; 

Beyers et a/., 1992; Gassman et a/., 1993). Approximately 50% of cellular p56'̂ '̂  in 

resting CD4+ T cells is associated with the CD4 molecules (Isakov, 1993). 

CD4 (55-66 kDa) and CDS —either CDS Og homodimer or CDS or (32-34 

kDa/CDS yff (25-26 kDa) heterodimer —are transmembrane glycoproteins and are 

members of the Ig superfamily. For reviews of the CD4 and CDS molecules see 

Bierer et a/., 1989; Parnes, 1989; Rudd, 1990; Janeway, 1992; Ledbetter et a/., 

1993. During TCR-induced T cell activation CD4 or CDS bind to the same MHC 

molecule as the TCR-Ojff chains (Janeway et a/., 1988; Parnes, 1989). CD4 binds to 

MHC class II molecules (Doyle and Strominger, 1987), whereas, CDS binds to MHC 

class I molecules (Norment et a/., 1988). 

Crosslinking CD4 or CDS induces a rapid increase in the activity of p56'̂ '̂  

(Veillette et a/., 1989a; Veillette et a/., 1 9S9c) and is associated with marked 

changes in tyrosine phosphorylation (Veillette eta/., 19S9b; Veillette et a/., 1989c). 

This suggests that CD4 and CDS are involved in signal transduction because of their 
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interaction with p56'°'*̂  and this is supported by several pieces of experimental 

evidence (Zamoyska eta/., 1989; Glaichenhaus eta/., 1991; Chalupny eta/., 1991; 

Miceli et a/., 1991). Moreover, pSG'̂ '̂  appears to provide a positive signal during 

T cell activation induced by Ag/MHC (Abraham et a/., 1991; Travers and Zamoyska, 

1992). 

Mustelin and Altman (1989) proposed a working model for the role of p56'°'̂  

in transmembrane signalling through the TCR based on its association with CD4 and 

CDS. They suggested that on binding p56'°'^, CD4 and CD8 control its movement in 

the membrane and thus p56'°'^ would be incorporated into the TCR (Figure 1.8) if 

CD4 or CDS interact directly with components of the TCR/CD3 complex. 

Transmembrane signalling through the functional TCR complex may be a 

consequence of p56'°'^ catalysed tyrosine phosphorylation of the CD3-C chain, or 

other substrates in the vicinity of the TCR (Mustelin and Altman, 1989). 

Recent research supports some parts of this model. The CD4/p56'°'^ complex 

is physically associated with TCR/CD3 (Mittler eta/., 1989; Burgess et a/., 1991; 

Suzuki et a/., 1 992), and mAb directed at certain CD4 epitopes can inhibit this 

association and inhibit activation induced by anti-TCR (Dianzani eta/., 1992a). Only 

p56'°'^ complexed to CD4 can bind to the TCR/CD3 complex and hence signal 

transduction through the TCR in cells expressing mutant CD4 molecules, which can 

not bind p56''̂ '̂ , is inefficient compared with that of cells expressing CD4 molecules 

that can bind p56'°'^ (Collins et a/, 1992). Tyrosine phosphorylation of the CD3-f 

chain induced by anti-TCR occurs only when CD4 is associated with the TCR/CD3 

complex (Dianzani et a/., 1992a). Moreover, signal transduction is enhanced by 

crosslinking CD4 to CD3 when compared with that obtained by crosslinking CD3 

alone, and this enhancement requires the presence of CD3-f chains in the TCR/CD3 

complex (Sancho et a/., 1992). This suggests that tyrosine phosphorylation of 

CD3-f chains by p56''̂ '̂  has an important role in the enhancement of signal 

transduction due to the association of CD4 with the TCR/CD3 complex. Together 

these results indicate that p56''̂ '̂  has an important role in signal transduction through 

the TCR and that at least one substrate of p56''̂ '*̂  is a component of the TCR/CD3 

complex, probably the CD3-f chains. 

These results are consistent with earlier observations, such as the 

crosslinking CD4 (Anderson eta/., 1987; Ledbetter eta/., 1988a) or CDS (Emmrich 

et a/., 1986; Boyce et a/., 1988) to the TCR/CD3 complex enhances T cell activation 
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through the TCR and markedly increases the rapid tyrosine phosphorylation of a 

number of substrates, including pplOO and pp135 (June et al., 1990a; Ledbetter et 

a/., 1990). The CD3-f chain is a good substrate for p56'̂ '̂  in vitro (Barber et a!., 

1989) and engagement of CD4 or CDS by MHC in the thymus is accompanied by 

tyrosine phosphorylation of the CD3-f chain (Nakayama et a!., 1989). 

One study using mutant Jurkat cells which lack p56'°'^ activity demonstrated 

that it is required for signal transduction through the TCR (Straus and Weiss, 1992). 

Another study showed that a mouse CD8+ T cell line lacking p56'°'^ expression has 

defective TCR mediated cytotoxic activity (Karnitz et a!., 1992). The levels of 

p59^^" activity was comparable to their parental counterparts and expression of /c/c 

cDNA restored the ability of these cells to respond to TCR stimulation. Moreover, 

p56''̂ '̂  is associated with other cell surface molecules including the p chain of the 

IL-2 receptor as well as the GPI-linked proteins CD59, CD55, and Thy-1 and 

crosslinking these molecules results in tyrosine phosphorylation of many cytoplasmic 

proteins (Stefanova eta!., 1991). The interaction between pSG'̂ "̂  with 

transmembrane and GPI-linked proteins appears to be through different types of 

physical interaction (Shaw et a!., 1990; Turner eta!., 1990; Isakov, 1993). 

1.7.4 Role of p59*Y" 

Several observations suggest that p56''̂ '̂  is not the only tyrosine kinase coupled to 

the TCR. Whereas the crosslinking of CD4 induces the activation of p56''̂ '̂  and the 

tyrosine phosphorylation of certain proteins, the crosslinking of the TCR induces the 

tyrosine phosphorylation of different substrates and, moreover, has no effect on 

p56'°'^ activity (Veillette et aL, 1989a; Veillette et a!., 1989b; Ledbetter et a!., 1990; 

Luo and Sefton, 1 990). In T cells that do not express the CD4 or CD8 molecules, 

such as those expressing the TCR-yd heterodimer, the TCR remains coupled to a 

tyrosine kinase pathway (Klausner and Samelson, 1991). T cells expressing high 

levels of p56''̂ '̂  should be hyper-responsive to stimulation by the TCR if p56'°'^ 

couples the TCR to 'downstream' effector molecules such as PLC. However, 

animals carrying high levels of the ick wildtype transgene under control of its 

endogenous thymus-specific promoter were unresponsive to stimulation and the 

degree of unresponsiveness correlated with the level of p56'°'^ expression (Gallagher 

and Cambier, 1 990). 

Mice expressing high levels of p59^^" behaved as the p56'°'*̂  transgenic 
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animals should have; in response to TCR stimulation more IL-2 was secreted 

(Gallagher and Cambier, 1990; Cooke eta/., 1991). These animals were produced 

by using fyn transgene fused to a /ck promoter. This result indicates that p59^^", 

rather than p56'°'^, provides a positive signal in T cell activation through the TCR. 

Moreover, p59^^" is physically associated with the TCR/CD3 complex [Figure 1.8] 

(Sameison eta/., 1990b; Gassman eta/., 1992) but only 2 -4% of TCR complexes 

are associated with p59^y". Crosslinking TCR/CD3 can result in increased tyrosine 

phosphorylation of CD3-f chains and increased enzymatic activity of p59^^" (Dasilva 

et a/., 1992). Moreover, T cells from mice expressing the /pr (lymphoproliferation) or 

go/d (generalized lymphoproliferative disease) autosomal recessive genes have 10-

fold elevated activity of p59^^" (Katagiri et a/., 1989). T cells from these animals 

have constitutively tyrosine-phosphorylated CD3-f chains and perhaps because of 

this they can not respond appropriately to TCR/CD3 stimulation (Sameison et a/., 

1986b; Scholz et a/., 1988), however, they can respond to aluminium fluoride 

(Coggeshall and Altman, 1989). This suggests that CD3-f chain tyrosine 

phosphorylation is carried out by p59^^". In addition, thymocytes from mice lacking 

the thymic isoform of p59^^" do not respond to TCR stimulation (Appleby et a/., 

1992; Stein et a/., 1992), whereas, mature T cells from the same animals can. 

These findings do not exclude the possibility that both CD4/p56'^'^ (or 

CD8/p56'^'^) and p59^^" are brought into the functional TCR complex and either one 

or both tyrosine kinases may be activated upon Ag engagement (Gaichenhaus et a/., 

1991) and they may even be able to phosphorylate the same substrates. Both may 

be able to phosphorylate CD3-f chains. The kinases may phosphorylate each other 

in such a complex, resulting in either increased or decreased activity. 

1.7.5 Role of CD45 

Crosslinking CD3 on CD45-deficient human leukaemic T cell lines does not result in 

PiP2 hydrolysis or f [Ca^"""]; or increase in tyrosine phosphorylation (Koretzky et a/., 

1990; Koretzky et a/., 1991). Transfection of murine CD45 into the mutant cells 

restores the expected responses to CDS stimulation (Koretzky et a/., 1992). So 

CD45 appears to be necessary for the transmission of the signal from the TCR/CD3 

complex both induces changes in both tyrosine phosphorylation state and activates 

the phosphoinositol second messenger pathway. 

These studies indicate that CD45 is necessary for all the known early events 
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triggered by activating the TCR, and they are consistent with earlier work which 

demonstrated that crosslinking CD45 alone or crosslinking CD45 to other surface 

molecules such as CD2, CD4 and CDS induces different responses (inhibition or 

potentiation of T cell activation) when compared to those generated by crosslinking 

these molecules alone (Ledbetter et aL, 1988b; Kiener and Mittler, 1989; Gilliland et 

a/., 1990; Samelson et a!., 1 990a; Ledbetter et a/., 1991 b; Marvel et a/., 1991; 

Oravecz eta/, 1991; Goldman eta/., 1992; Turka eta/., 1992). In contrast, when 

CDS and CD45 are aggregated together inhibition of T cell activation has been 

consistently observed (Ledbetter et a/., 1991b), which suggests that CD45 can 

negatively regulate TCR signalling. This conflicts with the notion that CD45 is a 

positive regulator of TCR signalling; which is the most obvious explanation of the 

experiments using CD45 deficient T cell lines. However, one recent report claims 

that the effects described above can be reproduced by crosslinking CDS to 

molecules without any known enzymatic activity, such as CDS or lymphocyte 

function-associated antigen 1 (LFA-1), and do not occur when CDS and CD45 are 

crosslinked with precisely constructed bispecific mAb (Shivnan eta/., 1992; 

Alexander et a/., 1992). This discrepancy may be explained by the significantly 

higher levels of CD45 expression relative to CDS/TCR. Thus crosslinking CDS to 

CD45 (CDS or LFA-1) would prevent TCR oligomerization and so the inhibition is not 

dependent on CD4S tyrosine phosphatase activity. 

Phosphorylation of pS6'°'̂  on a carboxy-terminal tyrosine (tyr-SOS) inhibits its 

tyrosine kinase activity (Amrein and Sefton, 1988; MacAuley and Cooper, 1988; 

Marth et a/., 1 988; Hurley and Sefton, 1 989). pS9^^" has an analogous site of 

tyrosine phosphorylation at tyr-5S1 (Kawakami eta/., 1988; Altman eta/., 1990; 

Cooper, 1990). In its active form p56''̂ '̂  autophosphorylates tyr-S94 (Marth eta/., 

188S; Veillette et a/., 1988b) and pSS'̂ '̂  phosphorylated on both tyr-SOS and tyr-

S94 appears to have greater activity than p56'°'̂  phosphorylated on tyr-SOS only 

(Caron et a/., 1992). An analogous autophosphorylation site is present on all other 

tyrosine kinases of the src-family (Altman et a/., 1990; Cooper, 1990). Most pS6'°'̂  

molecules in T cells are not autophosphorylated on tyr-S94 (Veillette et a/., 1988b), 

which suggests that pS6'̂ '̂  in situ is present in its inactive form with tyr-SOS 

phosphorylated by another tyrosine kinase. So tyrosine kinases appear regulate 

pS6'°'̂  and p59^^" activity. 

Tyrosine phosphatases may also be involved in regulating the activity of 

pSe''̂ '̂  and pS9^^" (Alexander and Cantrell, 1989; Hunter, 1989; Fischer et a/, 1991; 
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Alexander et a/., 1 992). CD45 appears to make up most of the membrane 

associated protein tyrosine phosphatase (FTP) activity in T cells (Altman et a/, 1990; 

Clark and Ledbetter, 1989a; Trowbridge, 1991; Trowbridge et al, 1991; Saito et al, 

1 992). However, T cells have other FTP and one designated TCFTF is now well 

characterized (Cool eta/, 1989; Cool et al, 1990; Brautigan, 1992; Charbonneau and 

Tonks, 1992; Pott and Dixon, 1992). This FTP is not bound to the plasma 

membrane and it is expressed in cells other than leukocytes. 

CD45 is capable of activating p56''̂ '̂  in vitro, by dephosphorylating 

tyr-505 (Mustelin eta!., 1989; Mustelin and Altman, 1990) and CD45 can associate 

with the TCR/CD3 complex [Figure 1.8] (Volarevic, 1990), p56'°'̂  (Telfer and Rudd, 

1991; Guttinger et a!., 1992; Schraven et a!., 1991) and CD4 or CD8 (Mittler et a!., 

1991) complexed with a 32 kDa G protein (pp32). CD45 also associates with CD2 

(section 1.9.1), Thy-1, LFA-1 and CD28 molecules in the T cell surface membrane 

(Volarevic eta!., 1990; Dianzani eta!., 1992b; Zocchi et a!., 1992). In vitro kinase 

assays of CD45 immunoprecipitates prepared from digitonin lysates of resting 

human T lymphocytes have demonstrated that the pp32 component can be 

phosphorylated on tyrosine residues (Schraven et al., 1991). The CD28 molecule 

transduces a costimulatory signal in T cells following the binding of its ligand, B7, 

which is expressed on the B cell surface (Jenkins and Johnson, 1993). The CD28-

induced fCCa^'^lj is inhibited by crosslinking CD28 to CD45 (Ledbetter et al., 1988b) 

and CD28 ligation induces tyrosine phosphorylation of specific substrates, including 

FLC-KI (Ledbetter and Linsley, 1992; Lu et aL, 1992; Vandenberghe et al., 1992). 

Only the smaller CD45 isoforms can associate with CD4 and CDS and the 

TCR/CD3 complex (Dianzani et al., 1990; Volarevic et al., 1990; Dianzani et al., 

1992b). The large and small CD45 isoforms are preferentially expressed by distinct 

subsets of T cells and the functional TCR complex will consequently have a different 

organization in these T cell subsets. Not surprisingly the subsets of T cells have 

very different activation characteristics (section 1.11.4). 

p59^^" and p56'°'^ from CD45-deficient murine lymphoma T cell lines have 

higher levels of phosphorylation on tyr-505 and lower tyrosine kinase activity than 

the wildtype cells which express CD45 (Ostergaard et al., 1989; Hurley et al., 1993; 

McFarland et al., 1993; Sieh et al., 1993). So CD45 appears to regulate signal 

transduction by virtue of its action on the negative-regulatory carboxy-terminal 

tyrosine of src-family tyrosine kinases. p59^^" and p56'°'^ appear to be specific 
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substrates for CD45 because CD45 is unable to dephosphorylate the carboxy-

terminal tyrosine of the c-src gene product in vivo (Hurley et a!., 1993). This 

suggests that the TCR signalling defect in CD45-deficient T cells is the result of 

inactivation of p56''='̂  (and/or p59^n due to phosphorylation at the negative-

regulatory carboxy-terminal tyrosine (tyr-505). 

CD45 can modulate the binding of pSS'̂ '̂  to an 11 amino-acid tyrosine-

phosphorylated peptide containing the carboxy-terminal portion of p56''̂ '̂  (Sieh et a!., 

1993), whereas, the binding of p59^^", PLC Y^, GAP and vav to the same 

phosphopeptide is not affected. The p56'°'*̂  molecules which bound the peptide was 

dephosphorylated on tyr-505 and consisted of only 5-10% of the total cellular 

p56'°'^ (Sieh et a!., 1 993). This provides support for the view that the intramolecular 

interaction between SH2 and (phospho)tyr-505 prevents the enzymatic action of 

pSS'̂ '̂  and the accessibility of its SH2 domain to critical cytoplasmic substrates. 

Crosslinking CD4 to CD45 abolishes the autophosphorylation at tyr-394 

which is induced by crosslinking CD4 alone (Osterguaard and Trowbridge, 1990; 

Trowbridge et si, 1992). These results suggest that CD45 can dephosphorylate at 

both tyrosine residues (394 and 505) in intact cells, with presumably opposite 

effects on the kinase activity. Treating p56'°'̂  from CD45 deficient T cells 

(phosphorylated on tyr-505) with immunoprecipitated CD45 results in a lower level 

of tyrosine phosphorylation and tyrosine kinase activity of p56'°'̂  (Burns et a!., 

1994). However, crosslinking CD4 activates p56'°'^ in CD45-deficient T cells 

(Osterguaard and Trowbridge, 1990), which again indicates that CD45 is not 

required for activating p56'°'^. Furthermore, in these CD45-deficient cells, which are 

unable to signal through the TCR/CD3 complex, crosslinking CD4 to CD3 

compensates for the defect in the TCR signalling pathway and leads to tyrosine 

phosphorylation of PLC-xl and f[Ca^"*"]; (Deans eta!., 1992). Since crosslinking 

CD4 alone does not result in the phosphorylation of PLC it appears that a component 

of the TCR/CD3 signalling pathway is independent of CD45. 

p59^^" is also an in vitro substrate of CD45 (Mustelin et a!., 1992), however, 

the majority of cellular p59 '̂̂ ^ is not regulated by CD45 in terms of tyr-531 

phosphorylation and the accessibility of its SH2 domain to cytoplasmic substrates 

(Sieh et a!., 1993). Only 20% of the total cellular p59^^" is associated with 2 -4% 

of the TCR (Sarosi et a!., 1992). CD45-deficient T cells have less activity of both 

p56'°'*̂  and p59^^" than wildtype cells expressing CD45 (Shiroo et a!., 1992; 
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McFarland et a!., 1 993). This suggests that only the p59^^" associated with the 

TCR/CD3 complex can be regulated by CD45. 

Crosslinking CDS also induces the tyrosine phosphorylation of microtubule 

associated protein-2 (MAP-2) serine kinase and for its activation MAP-2 kinase needs 

to be phosphorylated on serine and threonine residues as well as tyrosine (Hanekom 

et at, 1989; Nel eta/, 1990a; Nel et al, 1990b; Mailer, 1991). MAP kinases are 

involved in signal transduction and may be important components of the cell cycle 

machinery in eukaryotes (Anderson, 1992). The substrates of MAP kinases have not 

been identified but appear to include nuclear transcription factors like fos and jun 

(Pelech and Sanghera, 1992; Nishida and Gotoh, 1993). The kinases responsible for 

phosphorylation of MAP-2 kinase in T cells are not known but MAP-2 kinase 

activation induced by CDS crosslinking is both PKC dependent (Nel et at, 1990a) and 

influenced by simultaneous crosslinking of CD4 which can bring p56'°'^ into the 

functional TCR complex (Nel et al, 1990b). The observation that MAP-2 kinase 

phosphorylation and its activation is prolonged by treatment of T cells with the PTP 

inhibitor sodium vanadate (Pollack et al, 1991) suggests that CD45 may be involved 

in the regulation of the activity of this serine kinase. Purified CD45 can 

dephosphorylate tyrosine residues from partially purified MAP-2 kinase and 

crosslinking CD45 to CDS inhibits the activation of MAP-2 kinase (Pollack et al., 

1991). 

Crosslinking CDS to CD4 increases the level of tyrosine phosphorylation of 

PLC-k1, whereas, crosslinking CDS to CD45 diminishes this effect (Kanner and 

Ledbetter, 1992; Kanner et al, 1992b). The 1'[Ca^''"]j correlates with the extent of 

tyrosine phosphorylation of PLC-^I. This indicates that CD45 may have a role in the 

regulation of the PLC second messenger pathway (PiP2 hydrolysis) by regulating the 

level of tyrosine phosphorylation of PLC-^I • However, another study obtained 

similar inhibitory effects by crosslinking CDS with CD45 or LFA-1 or CDS (Shivnan 

et al, 1992), which implies that the inhibition is a result of the inclusion of other 

surface molecules in the CDS cluster which prevents CDS-CDS association that is 

required for signal transduction. 

1 . 8 S I G N A L T R A N S D U C T I O N BY FceRI A N D FckRHI 

Anti-FceRI-a chain mAb, but not their univalent Fab, fragments, can trigger basophil 

and mast cell exocytosis (Ishizaka and Ishiaka, 1978). FceRI triggering induces 
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immediate phosphorylation of its p chain (tyrosine and serine), y chain (threonine and 

tyrosine), and at least five other receptor associated polypeptides, by two or more 

different non-receptor kinases (Paolini et al, 1991; Kawakami eta/., 1992; Li eta/., 

1992a; Paolini et a!., 1992). Tyrosine phosphorylation of FceRI can be induced on 

cell membrane preparations as well as intact cells (Pribluda and Metzger, 1992). 

This suggests that tyrosine phosphorylation is a very early event in signal 

transduction through this receptor. Furthermore, these phosphorylation events are 

restricted to activated receptor complexes and are immediately reversed upon 

disruption of the receptor-ligand complex (Pribluda and Metzger, 1992). At least 

five phosphoproteins are associated with FceRI and the phosphorylation state of 

these proteins is dependent upon whether or not the receptor is crosslinked by 

ligand (Paolini eta!., 1992). Tyrosine phosphorylation is associated with mast cell 

degranulation and inhibition of tyrosine kinases blocks this degranulation (Park et a!., 

1 991 a; Kitani et a/., 1 992; Li et a/., 1 992a; Yamada et a!., 1 992). PLC-xl is 

tyrosine phosphorylated following FceRI crosslinking (Schneider eta!., 1992), which 

is associated with the translocation of PLC-K1 molecules from the cytosol to the 

plasma membrane (Atkinson et a!., 1992), PLC activation and PiPg hydrolysis (Li et 

a/., 1992a; Schneider et a!., 1992). The translocation of PLC-K1 to the membrane is 

inhibited by the tyrosine phosphatase inhibitor sodium vanadate which suggests a 

possible involvement of CD45 in this process. 

The demonstration that tyrosine kinase activity can be co-purified with FceRI 

complexes (Quarto and Metzger, 1986) is evidence for the notion that, although 

FceRI does not have tyrosine kinase activity, it can be associated with another 

molecules which have (Benhamou and Siraganian, 1992). Recently, p56'^", a 

member of the src-family of tyrosine kinases, has been show to associate with FceRI 

and is activated on receptor crosslinking (Eiseman and Bolen, 1992a; Eiseman and 

Bolen, 1992b; Hutchcroft et at., 1992a). Other tyrosine kinases, including p60®'''̂ , 

p62'*'®® and a 72 kDa protein, are also associated with FceRI (Eiseman and Bolen, 

1992a; Eiseman and Bolen, 1992b; Hutchcroft et al., 1992a). Furthermore, the 

FceRI mediated exocytosis of histamine from basophils can be blocked by the 

addition of anti-CD45 mAb (Hook et a/., 1990). As CD45 is a PTP this observation 

supports the notion that tyrosine phosphorylation-dephosphorylation has a role in 

signal transduction through FceRI. 

NK cell activation through FCKRIM induces tyrosine phosphorylation of many 

proteins including the CD3-f chain (O'Shea et a/, 1991; Vivier et al, 1991b) and the 
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activation of tyrosine kinases appears to be required for NK cell activation (Stahls et 

a!., 1992). Crosslinking FCKRMI, by mAb or ligand, results in the tyrosine 

phosphorylation and activation of PLC-K1 and PiPg hydrolysis (Azzoni et a!., 1992; 

Ting et a!., 1992). These responses are abolished by treatment with tyrosine kinase 

inhibitors. One study has shown differences in the pattern of tyrosine 

phosphorylation and efficiency of signal transduction through FCKRIN linked to either 

CD3-ff of FceRI-KK homodimers (Vivier et a/., 1 992b). This suggests that CD3-f and 

FceRI-K chains may be coupled to different tyrosine kinase pathways which may 

differentially regulate FCKRIH activation signals. 

1 . 9 S I G N A L T R A N S D U C T I O N BY C D 2 

CD2 is a non-polymorphic glycoprotein of 45-50 kDa expressed on all human 

thymocytes, T cells and large granular lymphocytes (Howard et a!, 1981; Kamoun et 

a/, 1981). For reviews of the biology of CD2 see Springer et a/., 1987; Bierer et aL, 

1989; Bierer and Burakoff, 1991; Rubin et a!., 1992; Collins eta!., 1994. The 

extracellular domain binds to LFA-3/CD58 (Hunig, 1985; Dustin et a!., 1987; 

Plunkett et a!., 1 987), CD59 (Hahn et a/., 1 992; Deckert et a/., 1 992) and CD48 

(Kato eta!., 1992; Arulanandam eta!., 1993). 

Certain combinations of anti-CD2 mAb can induce T cell proliferation (Meuer 

eta!., 1984; Brottier etaL, 1985), T cell help for Ab responses (Meuer et al., 1984) 

and cytotoxicity mediated by both CD8+ T cells and NK cells (Siliciano et a!., 1985). 

The mAb define two epitopes, CD2 and CD2R, as being required for T cell activation 

(Meuer et a/., 1984; Brottier et al., 1985; Bernard eta/., 1986). Moreover, purified 

LFA-3 is not sufficient to initiate T cell activation; anti-CD2R is also needed (Hunig et 

a/., 1 987). The CD2R epitope is not present on quiescent cells but is revealed on 

binding anti-CD2 (Meuer et a!., 1984; Yang et a!., 1986; Bernard et at., 1986). 

Mutant cells expressing CD2 molecules which lack the cytoplasmic domain 

no longer respond to anti-CD2 but are still able to increase the affinity of T cell 

binding to target cells expressing LFA-3 (Bierer et a!., 1988; He et al., 1988; 

Moingeon et al., 1989). Clearly, the cytoplasmic domain is important for signal 

transduction. Crosslinking CD2 induces the tyrosine phosphorylation (Danielian et 

a/., 1989) and activation of p56'°'̂  {Danielian et al., 1991), the tyrosine 

phosphorylation of PLC-^I (Kanner et al., 1992a), PiP2 hydrolysis (Pantaleo et al., 

1987), the activation of PKC (Pantaleo et al., 1987), and the TLCa "̂""]; (Alcover et 
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a/., 1986). Furthermore, the t [Ca^^]j is controlled by the cytoplasmic domain of 

CD2 and it does not require either the transmembrane region or the extracellular 

domain (Chang et a!., 1989; Beyers et a!., 1991). These results indicate that the 

early biochemical signals generated by CD2 and the TCR are similar and differ only in 

a quantitative way. 

The TCR/CD3 complex appears to be involved in T cell activation through 

CD2, however, they are not physically linked (Reinherz et al., 1982). Mutant T cell 

lines lacking CD2 are able to proliferate in response to CDS crosslinking (Faure et a/., 

1988; Moingeon et a!., 1988), whereas, TCR/CDS-deficient T cells do not respond 

to CD2 crosslinking (Alcover et aL, 1988; Bockenstedt et a/., 1988). Revertant cells 

expressing TCR/CD3 regain CD2 responsiveness. However, CD2 does function in 

NK cells which lack CD3/TCR (Siliciano eta/., 1985; O'Flynn eta/., 1986; Seaman 

et a/., 1987) and thymocytes which do not express CD3/TCR (Fox eta/., 1985). 

The observation that the TCR/CD3 complex on T cells and FCKRIH on NK cells 

share the CD3-f chain raises the possibility that a functional receptor complex 

containing the CD3-f chains may be required for signal transduction through the CD2 

molecule. FckRIM or chimeric CD8-ff/CD3-f transfected into mutant Jurkat cells 

lacking functional TCR/CD3 complexes results in surface CD3-f expression and 

restoration of CD2 function (Howard eta/., 1992; Moingeon eta/., 1992). 

Transfected human CD2 does not function in murine T cells which express truncated 

CD3-C molecules, whereas, human CD2 does function in the wildtype cells which 

express full length CD3-f molecules (Moingeon et a/., 1992). Moreover, crosslinking 

FCKRIM, CD3 or CD2 can all induce the tyrosine phosphorylation of CD3-f (Baniyash 

et a/., 1988b; Weissman eta/., 1988c; Monostori et a/., 1990; Samelson eta/., 

1990a; O'Shea et a/., 1991; Vivier et a/., 1991 a) and PLC-K1 (Kanner et a/., 1992a). 

Furthermore, p56'°'^, p59^'^", CD3-f and CD3-e are physically associated with CD2 

(Bell et a/., 1992a; Carmo et a/., 1993; Schraven et a/., 1993). The p56'°'^ 

molecules associated with CD2, but not p56''̂ '̂  bound to CD4, are activated 

following CD2 ligation (Danielian et a/., 1992). 

1.9.1 Role of CD45 

CD2 is physically associated with CD45 in T cells (Altevogt et a/., 1990; Schraven 

et a/., 1990). Crosslinking CD2 to CD45 inhibits the tyrosine phosphorylation of 

PLC-K1 (Kanner eta/., 1992a), the activation of MAP-2 kinase (Nel eta/., 1991), the 
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t[Ca^"^]j and the T cell proliferation induced by crosslinking CD2 alone (Samelson et 

a!., 1990a). Moreover, the activation of p56'°'̂  induced by CD2 crosslinking requires 

the surface expression of CD45 (Danielian et a!., 1992). Thus CD45 may have an 

important role in the activation of T cells through CD2, analogous to its role in T cell 

activation through the TCR. 

1 . 1 0 S I G N A L T R A N S D U C T I O N BY T H E B CELL A N T I G E N R E C E P T O R 

Crosslinking sig induces the hydrolysis of PIPg by PLC which induces similar 

biochemical events to those which occur in T cells following crosslinking of the TCR 

(Wilson eta/., 1987). For reviews of signal transduction in B cells see Ales-Marti'nez 

et at., 1991; Clark and Lane, 1991; Reth, 1 991; Defranco, 1 992; Cambier et a!., 

1994; Pleiman et a!., 1994; Peaker, 1994; Reth, 1994. 

Crosslinking sIg induces tyrosine phosphorylation of a number of proteins, 

including Ig-a and Ig-yS (Campbell and Cambier, 1990; van Noesel et at., 1990; 

Campbell eta!., 1991; Gold eta!., 1991), CD19 (Fearon, 1993), CD22 (Schulte et 

a/., 1992; Leprince et a!., 1993; Peaker and Neuberger, 1993), the tyrosine kinases 

p53/56'^", pBS*̂ "̂ , p59^^" (Burkhardt et aL, 1991; Yamanashi eta/., 1992), 

(Hutchcroft et al., 1992b; Yamada et al., 1993), phosphatidylinositol 3-kinase (Gold 

et a/., 1992), MAP-2 kinase (Casillas et a!., 1991), PLC-xl and -yl (Carter et a!., 

1991; Coggeshall eta!., 1992; Hempel eta!., 1992), vav (Bustelo and Barbacid, 

1992) and p2r^®-GAP (Gold eta!., 1993). 

At least one component of the BCR appears to have tyrosine kinase activity 

(Gold et a!., 1990; Campbell and Sefton, 1990; Campbell and Sefton, 1992; 

Leprince et sL, 1 992). The tyrosine kinase p53/56'^" (Figure 1.9) is a member of the 

src-family which is expressed in B cells (Yamanashi et a!., 1989) and is associated 

with the BCR (Yamanashi et a!., 1991). Other candidates for this tyrosine kinase 

activity include pSS*̂ "̂  and p59^^" (Perlmutter et al, 1988; Dymecki, et a!., 1990; 

Dymecki, et al., 1992; Law, et a!., 1992). They appear in immunoprecipitates 

produced using anti-lg (Burkhardt et al., 1991; Yamanashi et al., 1992; Campbell 

and Sefton, 1992) and their activities are increased following crosslinking of sIg 

(Burkhardt et al., 1991; Yamanashi et al., 1992). Chimeric molecules containing 

either Ig-a or Ig-yS cytoplasmic domains are equally capable of inducing signal 

transduction and the tyrosine kinases p72® '̂̂ , p53/56'^" and p59 '̂*'" are found 

associated with both types of chimeric molecules in a stimulation-dependant manner 



Figure 1.9 Signal transduction by the B cell antigen receptor 

A schematic representation of the key 'players' in signal 

transduction by the B cell antigen receptor. A full 

description of signal tranduction by BCR appears in the 

main text. An early event during signal transduction is 

the activation of tyrosine kinases (p53/56'^^, p72^^'^ and 

p59^^"). Other enzymes activated by tyrosine 

phosphorylation include P L C - k 1 and IV IAP kinase. 

Adapted from Pleiman et a/., 1994. 
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(Law et at., 1 993). These results suggest that Ig-a and Ig-y? act as a scaffold for the 

assemble —using the ARM1 motif —of specific tyrosine kinase molecules which have 

SH2 domains. In favour of this is the observation that p72®y'̂  is activated and 

associates with the BCR in Ag activated B cells (Hutchcroft eta!., 1992b). 

Ig-a and Ig-y? are probably required for the activation of PLC, as the 

expression of sig alone is not sufficient for its activation (Justement et a!., 1990). 

Treatment with tyrosine kinase inhibitors prevents both the 1'[Ca^"^]j and B cell 

proliferation induced by crosslinking sig (Carter etaL, 1991; Lane etaL, 1991a). 

Moreover, sig crosslinking not only induces the tyrosine phosphorylation of PLC-k1 

and -k2 (PLC-k2 is the predominant isoform in B cells) but it also induces an increase 

in PLC activity (Carter et a/., 1991; Coggeshall et a/., 1992; Hempel et a/., 1 992). 

These observations suggest that tyrosine phosphorylation induced by sig 

crosslinking can regulate PLC activity. 

Several reports have demonstrated that B cell activation can occur 

independently of PLC and PKC activation (Mond eta!., 1987; Brunswick et al., 

1989a; Brunswick eta!., 1989b; Hivroz et a!., 1990; Mond et a!., 1990; Rehe eta!., 

1990; Brunswick et at., 1991). So alternative pathways involving the tyrosine 

phosphorylation and activation of proteins other than PLC, such as p21''®® or 

phosphatidylinositol 3-kinase, may be important in B cell activation. 

The low molecular weight G protein p21''̂ ® is activated following BCR 

crosslinking (Harwood and Cambier, 1993). The role of G proteins in lymphocyte 

signalling is reviewed by Cantrell, 1 994. GTPase-activating proteins, which activate 

small G proteins such as p21"®, are phosphorylated following crosslinking of 

tyrosine kinase receptors (Satoh et at, 1990; Bourne et at, 1990; Gold eta!., 1993). 

Moreover, p21'̂ '̂ ® is co-capped with crosslinked sig (Graziadei et a/., 1990). 

However in B cells, p21''̂ ® appears to be regulated primarily by a vav (Bustelo et al., 

1 992; Gulbins et a/., 1 993; Cambier et a/., 1 994) and vav is tyrosine phosphorylated 

and presumably activated following BCR crosslinking (Bustelo and Barbacid, 1992). 

A number of downstream effectors of p21''®® have been shown to be active in the 

p21''̂ ® signalling cascade (Feig, 1993). Specifically, regulates c-raf which 

initiates the activation of MAP-2 kinase and this kinase has been implicated in the 

regulation of gene expression by virtue of its ability to phosphorylate c-Jun. 

However, it is not known whether the c-ra/" pathway is active in BCR signal 

transduction. 
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Phosphatidylinositol 3-kinase is also activated following BCR crosslinking and 

it is thought to have a role in signal transduction through this receptor (Gold et a!., 

1992; Yamanishi eta!., 1992) However, the precise role of phosphatidylinositol 3-

kinase is not clear (Cantley eta/., 1991). 

The BCR, like the TCR, also interacts with a variety of accessory 

transmembrane molecules which may be important for the regulation of signal 

transduction, such as CD22, CD1 9/CD21/CD81 complex, CD38, CD45 and 

CD32/FcKRMb1 (Sakaguchi et a/., 1993; Peaker, 1994; Cambier et al., 1994). 

1.10.1 R6leofCD45 

Mice containing a disruption of CD45 exon 6 lack the B cell specific isoform. Thus 

no proliferation of these B cells occurs following crosslinking of sig (Kishihara et a!., 

1 993). This result shows that CD45 has an important role in B cell activation. 

Furthermore, injection of anti-CD45R mAb (which recognises a B cell specific 

epitope) abrogates the T cell dependent Ab response against the hapten FITC 

(Domiati-Saad et a/., 1993) but had no effect on Ab secreted during a secondary 

response. One explanation for this result is that memory B cells have lost the 

epitope recognized by the anti-CD45R mAb used. Potential substrates for CD45 in B 

cells (Figure 1.10) include ig-a, Ig-̂ ff, p59^^", p55'̂ "^, p53/56'^" and CD22 (Justement 

et a/., 1 994). 

independent crosslinking of CD45 prevents the tlCa^"*"]! and B cell 

proliferation induced by the crosslinking of sIg alone (Gruber et a/., 1 989; Mittler et 

a/., 1987). In a similar way crosslinking CD45 inhibits the f [Ca^^]j induced by 

crosslinking MHC class II (Lane et al., 1990), CD19, CD40 and Pgp95 (Ledbetter et 

a/., 1988b) and the proliferation induced by staphylococcus aureus Cowan strain I 

(Morikawa et at., 1991) and CD40 (Gruber eta!., 1989). However, CD45 

crosslinking does not affect tyrosine phosphorylation of the major substrates (Lane 

eta!., 1991a). So CD45 may regulate B cell activation by dephosphorylating 

substrates other than tyrosine kinases, such as PLC (Figure 1.10). However, CD45 

inhibits the CD40 signal transduction pathway which is independent of PLC 

(Ledbetter ef a/., 1988b). 

The plasmacytoma cell line J558L//m3 does not express CD45 and 

crosslinking its sIg does not induce 1'[Ca^"'']j (Justement ef a/., 1991). The calcium 



Figure 1 .10 Role of CD45 in signal transduction by the BCR 

Molecular interactions between CD45, the BCR and src-

family tyrosine kinases. p53/56'^", p59^^" and 

may all be substrates for CD45. A full description of the 

role of CD45 in signal tranduction by BCR appears in the 

main text. Bidirectional dotted lines either indicate 

known protein-protein interactions or indicate potential 

(?) physical interactions. Single direction solid lines 

depict potential regulatory interactions based on 

phosphorylation [( + P)] or dephosphorylation [ ( - P ) ] of 

tyrosine residues. The tandem repeat tyrosine 

phosphatase domains of CD45 are indicated by CDI and 

CDll. 

Adapted from Justement et a/., 1994. 
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response is restored in cells transfected with the CD45 gene. It appears that CD45 

is associated with sIgM because modulation of CD45 from the cell surface results in 

the concomitant loss of sIgM (Justement et a/., 1991). Furthermore, crosslinking 

sIgM to CD45 reduces the level of tyrosine phosphorylation of Ig-a and Ig-yff 

compared to the levels obtained following crosslinking of sIgM alone, and Ig-a and 

Ig-y5 can be dephosphorylated by CD45 in vitro (Justement et a!., 1991). 

Crosslinking CD45 alone results in increased levels of tyrosine phosphorylation of Ig-

or and Ig-jff and the addition of the tyrosine phosphatase inhibitor, sodium vanadate, 

to resting B cells increases the level of tyrosine phosphorylation of the BCR (Lin et 

a!., 1992). These results are good evidence for CD45 having a role in signal 

transduction through sig and that tyrosine kinases linked, either directly or indirectly, 

to the BCR are also required. 

1.11 T LYMPHOCYTE DEVELOPMENT 

It is generally assumed that pluripotential stem cells develop into T cells through a 

common lymphoid precursor that can give rise to T, B and NK cells. However, such 

a cell has not been identified. T cells expressing high affinity receptors for self Ag 

must be prevented from developing into mature T cells in order to maintain tolerance 

to self Ag. However, selection also occurs for T cells able to react with self MHC, 

because T cell Ag recognition is MHC restricted. For reviews of T cell development 

see von Boehmer, 1988; Fowlkes and Pardoll, 1989; Nikolic-Zugic, 1991; Boyd and 

Hugo, 1991; Rothenberg, 1992; Levelt and Eichmann, 1993. The selection that 

occurs for the maintenance of self-tolerance and MHC restriction are known as 

negative and positive selection respectively. Positive selection is the survival and 

continued development those thymocytes which express TCR able to bind to self 

MHC with low affinity and negative selection involves the death of those 

thymocytes which bind with high affinity to self MHC (Murphy, 1991; von Boehmer, 

1 991; Parham, 1 994). it is in the thymus that the majority of T cells develop, 

proliferate, generate their TCR repertoire, and become both MHC restricted and 

tolerant to the self Ag displayed by Ag presenting cells (Ritter and Crispe, 1992; 

Ghashi, 1994). However, the thymus is not the only site of T cell development: it 

can also occur in the gut and possibly in the skin (Hayday, 1 993). 

1.11.1 Thymocytes 

2-4% of thymocytes do not express CD4 or CDS, 10% and 4% express either CD4 
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or CDS respectively but not both, and the vast majority ( = 80%) express both CD4 

and CDS (Fitter and Crispe, 1992). Each subset is heterogeneous and can be further 

subdivided on the basis of other cell surface markers, such as heat stable antigen, 

CD44, CD25 and the c-kit gene product (Owen, 1993). 

Double-negative (DN) thymocytes (CD4~CD8"). These cells can repopulate the 

irradiated or intact thymus following either intravenous or direct intrathymic transfer 

(Fowlkes et a/., 1985; Shimonkevitz eta/., 1987). Similarly, DN cells can develop 

into mature T cells in foetal thymus organ cultures (Kisielow et a!., 1984). The first 

thymocytes detected in foetal thymus are CD4~CD8~CD3~ (Bluestone et a!., 

1987). In the mouse, DN cells start to express low levels of the TCR-/ff/CD3 and 

CDS (Paterson and Williams, 1987; MacDonald et aL, 1988; Shortman eta!., 1988) 

but a small number acquire CD4 and then CDS (Hugo et aL, 1990; Hugo et aL, 

1991). In man, this stage is skewed towards a CD4+CDS^ state (Boyd and Hugo, 

1991). The TCR-jff chain has a regulatory role in the DN to DP transition. TCR-yff 

controls the allelic exclusion of the TCR-y? genes as well as regulating the expression 

of CD4 and CDS and cellular proliferation (Owen, 1993). Two groups have 

identified a cell-type-specific and developmental-stage-specific transcriptional 

'silencer' element that turns off CD4 gene expression at specific stages in 

thymocyte development (Sawada et a!., 1994; Sin et a!., 1994). The CD4 silencer 

represents the first stringently defined vertebrate silencer and it will be interesting to 

dissect the molecular mechanisms of its action (Benoist and Mathis, 1994). The 

immature SP cells (CD4"CD8'°'"CD3'°'" and CD4'°"'CD8~CD3'°^) are not 

functionally competent and soon express both CD4 and CDS (MacDonald eta!., 

1988; Guidos et at., 1989). DN and immature SP cells are located within the 

subcapsular region of the cortex (Shortman and Scollay, 1985; Ritter and Crispe, 

1992). 

A recent report claims to have found the intrathymic precursors of DN cells 

and unexpectedly they express very low levels of CD4 (Wu et a!., 1991a). These 

cells have all TCR genes in the germline configuration and expresses the hyaluronic 

acid-binding/homing receptor CD44 (Lesley et a!., 1990), with very low levels of 

Thy-1. These cells can be distinguished from primitive pluripotential haematopoietic 

precursors in the bone marrow because they express of Sca-2 (Wu et at., 1991b). 

This cell losses its CD4 and gains more Thy-1 and this stage may be associated with 

the first expression of CD3-k, S and -e and TCR-y& gene rearrangements (Campana et 

a/., 1987; van Dongen et aL, 1987; Campana et a!., 1989; Carroll and Borsma, 
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1991). 

Double-positive (DP) thymocytes (CD4+CD8 + ). These cells are almost exclusively 

located within the thymic cortex (Shortman and Scollay, 1985; Ritter and Crispe, 

1 992). The expression of the complete TCR-ff/ff/CD3 complex appears to be 

co-ordinated with this CD4/CD8 co-expression (Nikolic-Zugic and Moore, 1989), so 

the majority of DP cells also express low levels of the TCR-ayff/CD3 complex (Guidos 

et a/., 1 990). At this stage avian thymocytes shift from expressing low to high 

levels of CD45 (Paramithiotis eta!., 1991). Both positive and negative selection 

occur at this stage (Shortman et a!., 1990) and the vast majority of DP cells die by 

apoptosis (Jenkinson eta!., 1989; Smith et aL, 1989; Rothenberg, 1990). 

It appears to be the binding of class I or class II MHC molecules by CD8 and 

CD4 on DP cells that determines whether they develop into mature CDS'*" or CD4 + 

SP cells (Robey et at., 1991; Teh et a/., 1 991; von Boehmer, 1991; Davis and 

Littman, 1994). Furthermore, the CD4 and CDS molecules are required to induce 

differentiation along the 'helper' (CD4) and 'cytotoxic' (CDS) cell pathways 

respectively (Ramsdell and Fowlkes, 1989; Zuniga-Pfucker et a!., 1989; Zuniga-

Pfucker et a/., 1 990; Rahemtulla et a/., 1991; Seong et a/., 1992; Travers and 

Zamoyska, 1 992). CD4 also plays a role in the regulation of the level of TCR 

expression by DP cells (Nakayama et a!., 1989; Bonifacino et a!., 1990c; Nakayama 

et a!., 1990). Apparently, the low levels of CDS expression on the thymocyte cell 

surface is a result of high levels of degradation of the newly synthesized protein in 

the endoplasmic reticulum, and this receptor degradation is maintained by signalling 

through the CD4 molecules (Bonifacino et a!., 1990c). The signals required to 

up-regulate the expression of the TCR/CD3 complex are not known. It is the DP 

cells expressing high levels of CDS which become mature SP thymocytes (Guidos et 

a/., 1989). 

Single-positive (SP) thymocytes (CD4 + CD8"CD3^'9^ and CD4"CD8 + CD3^'9''). 

Mature SP cells are located mainly within the medulla (Shortman and Scollay, 1985; 

Ritter and Crispe, 1992). Only SP cells express the functional capacities of mature 

T cells (Scollay et a!., 1984). The mature SP cells, defined by functional capability, 

express high levels of the TCR/CDS complex and it is only these mature SP cells 

which leave the thymus (Scollay et a/., 1984; Bluestone et a/., 1987; Guidos et a!., 

1989). 
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1 11.2 CD45 isoform expression by thymocytes 

60-90% of human thymocytes express the CD45R0 isoform (Pulido et a!., 1988; 

Pilarski et a/., 1989; Fujii et a/., 1992a), and about the same percentage express 

CD45RB (Pulido et al., 1 988). This indicates that most human thymocytes express 

the smallest isoform and at least one CD45RB isoform. Fewer thymocytes 

(20-35%) express CD45RC (Zapata et a/., 1994) and fewer still CD45RA (10-20%) 

and approximately half of these express CD45R0 as well (Pulido et a!., 1988; 

Pilarski et at., 1989). The thymocytes which express CD45RA without CD45R0 

have the phenotype of CD45RA+ T cells in blood (Smith et a!., 1986; Pilarski et a/., 

1989; Fujii et a!., 1992a). 70-90% of cortical thymocytes and 30-80% of 

medullary thymocytes are CD45RB+ or CD45R0+ (Pulido et a/., 1988; Janossy et 

aL, 1989; Harvey and Jones, 1990; Gillitzer and Pilarski, 1991; Lai et a/., 1991). 

Only scattered cortical thymocytes are CD45RA+ or CD45RC + , however, of 

medullary thymocytes 20-30% are CD45RA+ and the majority are CD45RC + 

(Pulido et a!., 1988; Janossy eta/., 1989; Harvey and Jones, 1990; Gillitzer and 

Pilarski, 1991; Lai et a/., 1991; Zapata et a/., 1 994). In the mouse, only a small 

subset (1-4%) express CD45RA or CD45RC (Ezine eta!., 1991; Goff and Huby, 

1992; Huby and Goff, 1992; Hathcock et a!., 1992a). Virtually all thymocytes 

express CD45RB and 30% express high levels of CD45RB (Hathcock eta!., 1992a). 

The CD45RB^'3^ cells are located within the medulla (Birkeland eta!., 1988). Only 

about 3% of rat thymocytes express CD45RC and these cells are found in the 

medulla (Law et a/., 1 989). These results indicate that only a small subset of 

thymocytes express the larger CD45 isoforms. This is confirmed by biochemical 

analysis of surface CD45 on thymocytes (Pulido etaL, 1988; Zapata et a!., 1994). 

The thymocytes which express the larger CD45 isoforms are almost exclusively 

found in the medulla, suggesting that the more mature thymocytes express the 

larger CD45 isoforms. 

Murine CD45RA/VCD45RB+ (and human CD45R0~) have been found in all 

of the major thymocyte subsets defined by CD4 and CD8 expression (Egerton et a!., 

1990; Lightstone and Marvel, 1990; Wallace et a!., 1992). However, some other 

studies suggest that CD45RA+ thymocytes consist of DN and DP cells only 

(Ezine eta!., 1991; Goff and Huby, 1992; Huby and Goff, 1992) and the 

differentiation of CD45RA+ DN thymocytes in wfro—defined by the acquisition of 

CDS, CD4 and CD8 —is not associated with the loss of CD45RA expression (Deans 

et a/., 1991). However, a marker for the smallest isoform (CD45R0) is not available 
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for rodent studies. 

There is considerable interest in the notion that CD45R0 expression in the 

thymus occurs only on cells committed to die (Pilarski and Deans, 1 989; Beverley, 

1989). There is some support for this notion: 

(a) T lymphocyte stem cells in the thymus appear to be DN cells which 

express CD45RA but not CD45R0 (Law eta!., 1989; Pilarski eta!., 1989; 

Goff et at., 1 990), 

(b) transmembrane signalling occurs through CD45RA and not CD45R0 in 

DN cells (Deans et a!., 1989). 

(c) crosslinking CD2 and/or CDS on thymocytes results in death by apoptosis 

of CD45RA+ cells (Merkenschlager and Fisher, 1991; Li eta!., 1992b) and 

cell death is preceded by the expression of CD45R0 and then the loss of 

CD45RA isoforms from the cell surface (Merkenschlager and Fischer, 1991), 

However, against this notion is the finding that CD45R0+ thymocytes are the major 

subset in the cell cycle (Okumura et a/., 1992). The overall view is that switching of 

the different CD45 isoforms occurs with the selection events including cell death 

within the thymus. This general point is reinforced by a recent finding that CD45RA 

and CD45RB up-regulation only occurs in the thymus of TCR transgenic mice where 

selection processes are known to be occurring (Wallace eta/., 1992). It is possible 

that during thymocyte development the patterns and usage of the variable exons 

repeatedly change (Fuji et al., 1992a; Sabe eta!., 1992). 

1.11.3 T lymphocytes 

T lymphocytes can be divided into two populations according to their expression of 

CD4 and CD8; approximately 66% express CD4 but not CD8 and 33% CD8 but not 

CD4 (Blue et a!., 1985). A very small number express neither CD4 nor CD8 (Crispe, 

1 994). CD4+ T cells are called 'helper' cells because they are required for the 

production of Ab by B cells (Vitetta eta/., 1989; Travers and Zamoyska, 1992). 

CD8+ T cells are called 'cytotoxic' or 'killer' cells because they are the most 

efficient cytotoxic cells in vitro. However, the functional potentials of CD4+ and 

CD4^ T cells are not entirely distinct; both subpopulations can produce many of the 

same cytokines and can kill virus infected cells (Koszinowski eta/., 1991; Doherty et 

a/., 1992). 
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T cells can not produce Ab but they are required for the initiation and 

regulation of humoral responses (Vitetta et aL, 1989). In order to proliferate and 

differentiate into plasma ceils most B cells require both Ag and a second signal 

delivered by 'helper' T cells. B cell-T cell contact and T cell-derived cytokines are 

both required for the delivery of the second signal (Burnstein and Abbas, 1991; 

Noelle and Snow, 1991; Lederman eta!., 1993; Parker, 1993). IL-2, IL-4, IL-5, IL-6, 

IL-10, and interferon-^ are all capable of inducing the proliferation and differentiation 

of B cells to varying degrees (Callard, 1990; Ken-lchi et a!., 1990; Klaus, 1990; 

Howard and O'Garra, 1992). 

'Cytotoxic' T cell responses also appear to be dependent on certain 

cytokines, such as IL-2 and IL-4 (Hamblin, 1988; Ken-lchi eta!., 1990). However, 

their responses in vivo, unlike most Ab responses, appear not to be dependent on 

the presence of CD4+ T cells (Doherty eta!., 1992; Travers and Zamoyska, 1992). 

1.11.4 CD45 isoform expression by T Lymphocytes 

In man, both CD4+ and CD8+ T cells can be divided into two more or less reciprocal 

subpopulations based on the expression of CD45RA (40-60%) or CD45R0 

(Morimoto et a!., 1 985; Rudd et a/., 1 987; Terry et a!., 1 988; Richards et a!., 1 990; 

Zola et a!., 1992). CD4 + CD45R0^ T cells, but not the reciprocal subset, proliferate 

in the presence of recall Ag (Merkenschlager et a!., 1988; Plebanski et a!., 1992). In 

the mouse, rat and sheep, similar results have been obtained using T cell subsets 

defined by the expression (CD45R + ) or absence (CD45R~) of the large CD45 

isoforms (Lee eta!., 1990; Mackay ef a/., 1990; Powrie and Mason, 1990). In 

rodents, only the CD45R~ subset are able to provide help for secondary Ab 

responses in vitro (Powrie and Mason, 1989a; Powrie and Mason, 1989b; Lee et a!., 

1 990). The CD45RO"'" subset of CD8+ human T cells has a higher frequency of 

precursors of virus specific 'cytotoxic' cells than the CD45RA+ subset 

(Merkenschlager and Beverley, 1990). However, the proliferation and cytotoxic 

responses to allo-Ag appears to be the same for both subsets of human and rat 

CD8+ T cells defined in this way (Merkenschlager eta!., 1988; Merkenschlager and 

Beverley, 1990; Powrie and Mason, 1990). 

The subsets of T cells defined in this way have differences in the levels of 

expression of molecules involved in adhesion, such as CD2, LFA-1, LFA-3, 

ICAM-1 (Sanders et a!., 1988a; Buckle and Hogg, 1990; Hviid et a!., 1993), CD44 
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(Budd eta/., 1987a; Sanders eta/., 1988b; Cerottini and MacDonald, 1989), CD26 

(Hafler eta/., 1986; Hafler eta/., 1989), CD29 (Morimoto eta/., 1985), VLA-4, -5, 

-6 (Mackay, 1991; Morgan eta/., 1992; Mackay, 1992; Shimizu eta/., 1992), 

cutaneous lymphocyte-associated antigen (Picker et a/., 1990; Picker et a/., 1991), 

L-selectin/MEL-14 (Gallatin eta/., 1983; Yednock and Rosen, 1989; Picker eta/., 

1993), CD31 (Shimizu et a/., 1992) and CD27 (de Jong et a/., 1992a; Sugita eta/., 

1992) and other molecules involved in activation, such as MHC class II and CD25 

(Wallace and Beverley, 1990). Sheep CD45R~ T cells are in the cell cycle and 

CD45R+ cells are not (Mackay et a/., 1990) and the phenotype of human CD45RA + 

T cells implies that they are in the cell cycle (Wallace and Beverley, 1 990). 

Furthermore, sheep CD45R~ cells recirculate from blood to tissues to lymph nodes, 

whereas, CD45R+ cells enter the lymph nodes directly from the blood (Mackay et 

a/., 1 990; Mackay et a/., 1991). In man, CD45R0+ cells adhere to vascular 

endothelium and enter sites of inflammation more readily than CD45RA+ cells 

(Pitzatis eta/., 1988; Damie and Doyle, 1990). CD26 appears to be have a more 

restricted expression than most of these accessory molecules since it is only 

expressed on CD4 + CD45R0+ T cells and CD45 may be physically associated with it 

(Torimoto eta/., 1991). 

Following activation, CD45RO~", CD45RA+ or CD45RB'̂ '3^ T cells change 

their phenotype and become CD45R0 + , CD45RA~ or CD45RB'°^ respectively 

(Akbar et a/., 1988; Clement et a/., 1988; Serra et a/., 1 988; Birkeland et a/., 1 989; 

Nesbitt eta/., 1990; Powrie and Mason, 1990; Ogawa eta/., 1991). Moreover, 

there are many differences in the requirements for and regulation of activation of 

human CD45RA" and CD45R0+ T cells (Byrne et a/., 1 988; Hafler et a/., 1 989; 

Akbar eta/., 1990; Kasahara eta/., 1990; Koulova eta/., 1990; Wallace and 

Beverley, 1990; DamIe et a/., 1992; de Jong eta/., 1992b; Fischer eta/., 1992; 

Robinson et a/., 1993). Generally, CD45R0+ T cells have less stringent 

requirements for activation than CD45RA~ cells (Byrne et a/., 1988; Hafler et a/., 

1 989; Akbar et a/., 1 990; Kasahara et a/., 1 990; Koulova et a/., 1 990; Wallace and 

Beverley, 1990; DamIe eta/., 1992; de Jong eta/., 1992b; Fischer et a/., 1992; 

Luqman and Bottomly, 1992; Luqman eta/., 1992; Robinson eta/., 1993). 

Furthermore, the subsets produce different lymphokines (Birkeland et a/., 1992; 

Kristenssen et a/., 1 992; Sarawar et a/., 1 993). T cells expressing the small CD45 

isoforms (CD45R~) produce many lymphokines, including IL-2, IL-3, IL-4, IL-6, 

interferon-)/, tumour necrosis factor-a, and GM-CSF, whereas, T cells expressing 

large CD45 isoforms (CD45R + ) only produce IL-2 (Arthur and Mason, 1986; Budd et 
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a/., 1 987b; Sanders et a/., 1 988a; Bettens et a!., 1 989; Salmon et a!., 1 989; Lee et 

aL, 1990; McKnight eta/., 1991; Ferrer et a/., 1992). However, these results are 

not universally obtained. One group claim that CD45RB^'9''CD4+ mouse T cells can 

also secrete other lymphokines, such as IL-3 (Swain et a/., 1990; Bradley eta/., 

1991; Swain and Bradley, 1992). 

The phenotypic and functional results described above suggest that 

CD45RA + CD4+ T cells are naive and CD45R0 + CD4+ T cells are memory cells. For 

reviews of the biological basis of T cell memory see Sanders et a/., 1988b; Cerottini 

and Macdonald, 1989; Beverley, 1991; Mackay, 1991; Vitetta eta/., 1991; Gray, 

1993; Gray, 1994. Only CD45RA + CD45R0 ~ and CD45RA'°^CD45R0'°'" T cells 

are found in human umbilical cord blood and adult levels of CD45R0+ T cells are 

only attained after 20 years (Hayward et a/., 1989; Cossarizza et a/., 1992; Hannet 

et a/., 1992; Peakman et a/., 1992; Pirenne eta/., 1992; Rabianherzog eta/., 1992; 

Utsuyama et a/., 1992; Bofill et a/., 1994). However, CD45R0+ cells can revert to 

the CD45RA+ phenotype (Bell and Sparshott, 1990; Sparshott eta/., 1991; 

Rothstein eta/., 1991; Warren and Skipsey, 1991; Yang and Bell, 1992; Bell eta/., 

1992b) and CD45R0+ cells have a shorter life span in vivo (Mackay, 1991; Michie 

eta/., 1992). These results can be explained by postulating that CD45R0+ memory 

cells maintain their phenotype only as long as Ag is present (Beverley, 1990). Both 

T and B cell memory declines in the absence of Ag (Gray and Matzinger, 1991). It 

has been proposed that 'Ag depots' are retained on the follicular dendritic cells of 

lymph nodes (Gray, 1994). Without Ag these memory cells would revert to the 

CD45RA+ phenotype, but as in vitro experiments have failed to detect these recall 

responsive CD45RA+ cells, they must require different conditions for reactivation 

and these conditions have yet to be achieved in vitro (Beverley et a/., 1992). The 

naive T cell population appear to have a relatively constant phenotype and the cells 

characteristically have high levels of CD45RA and CD45RB and L-selectin and low 

levels of CD44. However, the memory cells appear to be very diverse and represent 

an 'army of specialists', each generated by a different activation experience in which 

co-stimulator and adhesion molecules play an important role (Dutton, 1993). 

1.12 B LYMPHOCYTE DEVELOPMENT 

The earliest cell committed to the B cell lineage is the pro-B cell which has 

unrearranged H and L chain genes but express multiple B cell specific genes, 

including mb-1, B29, /tg and (Banchereau and Rousset, 1992; Rolink and 
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Melchers, 1993). Only 1 % of bone marrow cells exhibit this phenotype (token et 

a/., 1987a). These cells become pre-B cells which have rearranged H chain V, D and 

J gene segments but unrearranged K and A genes (Burrows et a/., 1 979); they 

express surface CD9, CD10, CD19, CD20, CD21, CD24, CD37, CD38, CD40, 

CD72 to CD76, CD78 and cytoplasmic CD22 (Banchereau and Rousset, 1992). 

/V chains are easily detected in the cytoplasm at this stage but only a very small 

amount is expressed at the surface (Tsubata and Niishikawa, 1991). The structure, 

function and genetics of B cell surface molecules are reviewed by Clark and 

Led better, 1989b; Moller eta/., 1991; Barclay et a/., 1993 and Chen and Alt, 1993. 

The surface /v chains are associated with / and cu chains which are the 

products of the B cell specific genes/I5 and (Pillai and Baltimore, 1987; Bauer 

et a/., 1988; Pillai and Baltimore, 1988; Mollis et a/., 1 989; Kerr et a/., 1989; 

Karasuyama et a/., 1990; Schiff et a/., 1990; Tsubata and Reth, 1990; Bossy et a!., 

1991). / and w chains substitute for the conventional L chains in forming a complete 

IgM molecule which can be expressed, together with Ig-a and Ig-yff, on the cell 

surface (Hermanson et a/., 1988; Sakaguchi eta/., 1988; Tsubata and Reth, 1990; 

Nishimoto et a!., 1991). Crosslinking sig induces the t [Ca^^]j but fails to induce PI 

hydrolysis (Takemori et a!., 1990). This suggests that signal transduction through 

sIgM on pre-B cells and mature B cells is different. The functions of sIgM on pre-B 

cells are not known, however, the B cell lineage is blocked, albeit incompletely, at 

the pre-B cell stage in /{^-deficient mice (Kitamura et a/., 1 992). 

Immature B cells are derived from pre-B cells and they are characterized by 

the expression of high levels of sIgM containing K or A chains (Vitetta and Uhr, 

1 975). Most of these cells go on to express sIgD to become fully mature B cells. 

CD22, which is expressed only in the cytoplasm up to the mature B cell stage, is 

also expressed on the mature B cell surface (Coding, 1978). 

1.12.1 CD45 isoform expression by B lymphocytes 

The appearance of CD45 (predominantly the largest isoform) on B cells occurs very 

early in B cell development, probably before Ig gene rearrangement (Kincade, 1987). 

The surface expression of CD45 increases with B cell maturation, so that the highest 

level is on mature B cells (Ryan et a/., 1 986; Ryan et a/., 1 987; Shah et a/., 1 988). 

The majority of B cells in the blood express CD45R but not CD45RO and the 

CD45R+ mature B cells change expression to CD45R0 on activation and as they 



47 

differentiate into plasma cells in culture (Jensen eta!., 1989; Zola et a!., 1990; 

Kasaian and Casali, 1992; Marty eta/., 1992; Nishimura et at., 1992). 

Plasmacytoma cells in vivo have lost both CD45R0 and CD45R but continue to 

express CD45 (Jensen et a/., 1989). This may represent changes in the 

glycosylation pattern of CD45 or the expression of isoforms not detected by the 

anti-CD45R0 and the anti-CD45R mAb used in this study. Germinal centre B cells 

express less CD45RA than other mature B cells (Ling et a!., 1987; Lai eta/., 1991). 

They lack the CD45 epitope identified by the mAb KiB3, which is expressed by 

many follicular mantle B cells and is not expressed by marginal zone B cells (Ling et 

a/., 1987; Dorken et a/., 1989). Furthermore, the analysis of alternative splicing of 

CD45 pre-mRNA together with surface expression has shown the switch from 

expressing the largest to the smaller isoforms occurs following activation of B cells 

in culture (Hathcock eta/., 1992b). 

Clearly changes in the pattern of CD45 isoform expression which occurs 

when B cells are activated is similar to that seen by T cells. We do not understand 

the reasons for the observed changes in CD45 isoform expression. One explanation 

is that the different isoforms interact with different ligands and some evidence 

appears to support this notion in T cells; CD45R0 but not CD45RA interacts with 

the B cell Ag CD22-;ff chain (Stamenkovic et a/., 1991). However, more recent work 

reveals that CD22 can bind to other CD45 isoforms and that CD22 is a cell surface 

lectin —recognizing a2-6 sialic acid-containing carbohydrate structures (Powell eta/., 

1993)—and there is no evidence that CD22 can regulate CD45 PTP activity (Aruffo 

et a/., 1992; Engel eta/., 1993; Sgroi eta/., 1993). However, CD22 is physically 

associated with the BCR and is tyrosine phosphorylated less than one minute after 

sIgM crosslinking (Peaker and Neuberger, 1993). 

1.14 AIMS 

This project has been concerned with the characterization of guinea-pig CD45. The 

initial aim was to assess the potential of this surface molecule as a target Ag for 

passive immunotherapy of B cell lymphocytic leukaemia in the guinea pig. A panel 

of mAb reactive with various guinea-pig CD45 isoforms was produced and used to 

determine the surface density of CD45 molecules on normal cells and malignant 

B lymphocytes. The surface expression of CD45 isoforms on normal lymphocytes 

was studied in considerable detail. Biochemical studies of guinea-pig CD45 were 

performed to determine the molecular weight of its isoforms and analyze its 
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enzymatic activity. Other studies were designed to investigate the ability of these 

mAb to internalize surface CD45. Finally, these mAb were tested for 

immunotherapeutic properties in vivo. 
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CHAPTER 2 

MATERIALS AND METHODS 

1.1 ANIMALS 

Strain 2 and strain 13 guinea pigs. New Zealand White rabbits, Lewis rats, Balb/c 

and Balb/c x CBA (F )̂ mice were bred at the Tenovus Research Laboratory. Dunkin 

Hartley guinea pigs were obtained from Harlan Porcellus, Firgrove Farm, Heathfield, 

Sussex. 

2.2 CELL CULTURE MEDIUM 

Hybridoma cell lines were cultured in Dulbecco's Modified Eagle Medium (Gibco) 

supplemented with 100 U/ml penicillin (Glaxo), lOOyug/ml streptomycin (Evans), 

50 U/ml amphotericin B (Sqibb and Sons), 2 mM L-glutamine (Gibco), 

1 mM pyruvate (Gibco), and 10% Myoclone-Plus foetal calf serum (Gibco). 

2.3 POLYCLONAL ANTIBODIES 

The polyclonal antibodies used in this project are listed in Table 2.1 

2.3.1 Rabbit anti-mouse Pab'K 

Polyclonal antiserum to mouse FabV was raised in rabbits according to the method 

of Stevenson et a!., 1975. Primary injections of 1 mg of Pab'K emulsified in 

Freund's complete adjuvant (Difco Laboratories) in a final volume of 1 ml were 

distributed between four subcutaneous sites on the limbs. Booster injections —in 

incomplete Freund's adjuvant —were given five weeks later close to the primary 

sites. The animals were bled one week after the booster injections. The serum was 

prepared by centrifugation (1 800 p for 30 minutes) of clotted blood (overnight at 

4°C). 

2.4 MONOCLONAL ANTIBODIES 

The monoclonal antibodies used in this project are listed in Table 2.2. 



Table 2 .1 

Polyclonal Antibodies Used 

Antiserum 

notation 

Antigen Conjugation Absorption of 

cross-reactivity 

Source 

rabbit 

anti-mouse Fab'K 

mouse Fab'K FITC guinea-pig globulins Tenovus 

F(ab'K)2 donkey 

anti-mouse IgG 

mouse IgG FITC goat, rabbit, horse, 

human, cow, sheep, 

and rat globulins 

Stratech 

Scientific Ltd 

F(ab'K)2 donkey 

anti-rat IgG 

rat IgG R-PE goat, rabbit, horse, 

human, cow, sheep, 

and mouse globulins 

Stratech 

Scientific Ltd 

goat 

anti-mouse IgG 

mouse IgG Px human, cow, and 

horse globulins 

Stratech 

Scientific Ltd 

goat 

anti-rat IgG 

rat IgG Px human, cow, and 

horse globulins 

Stratech 

Scientific Ltd 

F(ab'K)2 sheep 

anti-mouse Ig 

mouse Ig biotin 

and Px 

human, rabbit, and 

rat globulins 

Amersham 

International 



Table 2 . 2 

Monoclonal Antibodies Used 

Name Species Isotype Specificity Source 

RJD-2A10 mouse IgGI L2C Idiotype Tenovus 

AG1-5 mouse IgGI guinea-pig 

IJ chain 

Tenovus 

5E6-G6 mouse IgGI guinea-pig 

lymphocytes 

Tenovus 

5G10 mouse IgGI guinea-pig 

B lymphocytes 

Tenovus 

H201 rat lgG2a guinea-pig 

CD45 

H. Schafer 

(Schafer et at., 1990) 

H159 rat lgG2a guinea-pig 

TCR 

H. Schafer 

(Schafer & Burger, 1992) 

H155 rat lgG2a guinea-pig 

CD4 

H. Schafer 

(Schafer & Burger, 1991) 

CT6 mouse IgGI guinea-pig 

CDS 

R. Scheper 

(Tan et a/., 1985) 

IVIsgp9 mouse IgGI guinea-pig 

B lymphocytes 

Serotec Ltd 

UCHT1 mouse IgGI human CDS A. Lane, 

Wessex Immunology 

Service, Southampton 

RFB9 mouse IgGI human CD1 9 Royal Free Hospital, 

London 

Mc39-16 rat lgG2a A31 Idiotype Tenovus 
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2.4.1 Monoclonal anti-LgC antibodies 

Monoclonal antibodies were raised according to the method of Kohler and iViilsteIn 

(1975) as described by Stevenson eta/. (1984a). BALB/c mice were inoculated 

(day 0) subcutaneously with 5x10® guinea-pig leukaemic B lymphocytes (LgC cells) 

emulsified in complete Freund's adjuvant (Difco Laboratories). Following two further 

intraperitoneal injections of L2C cells (days 14 and 21) in incomplete Freund's 

adjuvant, spleen cells were fused—using 50% polyethylene glycol (Sigma) —with the 

BALB/c myeloma cell line NS-1 (P3-NS-1/1-Ag-4.1) at a ratio of 2:1. 

Hybridoma cells secreting anti-L2C Ab were first identified by reactivity of 

their culture supernatants with LgC cells as detected by indirect 

immunofluorescence. The cells from wells secreting anti-LgC Ab were cloned three 

times by limiting dilution to give single colonies which were injected into the 

peritoneal cavity of Balb/c x CBA (F )̂ mice. 

2.5 ANTIBODY PREPARATION 

Polyclonal Ab were prepared from serum by the method described by Stevenson and 

Dorrington, (1970). mAb were prepared from ascitic fluid by Protein A affinity 

chromatography. IgG preparations were concentrated by pressure ultrafiltration 

under nitrogen using PM10 Diaflo membranes in Amicon chambers (Amicon Ltd). 

2.5.1 IgG from rabbit serum 

The globulins were precipitated by the addition of 60 ml saturated ammonium 

sulphate to each 100 ml of serum over a period of 1 5 minutes at room temperature 

with continuous stirring. The precipitate was collected by centrifugation (1 500 g for 

20 minutes) and resuspended in the original serum volume of 0.2 M TE8. The 

precipitation was repeated and the precipitate was resuspended in a minimum 

volume of 0.03 M PE7.3, and then dialysed against the same buffer. The solution 

was filtered through a 0.8 /ym filter, and applied to a diethylaminoethyl 

(DEAE)-cellulose column (DE-52, Whatman Biochemicals) equilibrated in the 

appropriate phosphate buffer. The bed volume of the column was at least five-times 

the original serum volume. The elution of protein from the column was monitored 

with an LKB Uvicord (LKB-Produkter AB) at 280 nm and twice the sample volume of 

the IgG peak was collected, starting when the transmission fell to 20%. The IgG 
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was dialysed into PBS and stored at -20°C. 

2.5.2 IgG from mouse ascites 

Ascitic fluid was filtered and diluted with an equal volume of 0.2 M NTE8. IgG was 

isolated by affinity chromatography on a protein A:Sepharose 4B column equilibrated 

in 0.2 M NTE8. After loading the sample, the column was thoroughly washed with 

0.2 M NTE8 and then bound protein was eluted off with 0.1 M GlyE3. The protein 

eluent was immediately applied to a Sephadex G-25 column (Pharmacia LKB 

Biotechnology, Sweden) equilibrated with 0.2 M NTE8. 

2.5.3 Preparation of mouse F(ab'K)2 

F(ab'K)2 fragments of mouse monoclonal IgGI were prepared by pepsin digestion 

using modifications of the method of Lamoyi and Nisonoff (1983). IgG at 15-20 

mg/ml was digested with pepsin (Sigma) dissolved in sodium acetate at pH 4.1. 

Pepsin was added to achieve a final concentration of 0.3 mg/ml and incubated at 

37°C. The production of F(abY)2 fragments was monitored in 20//I samples by high 

pressure liquid chromatography on a Zorbax GF250 column (Dupont). The reaction 

was usually complete by eight hours. The reaction products were separated by size 

exclusion chromatography using Ultrogel AcA44 (Pharmacia). 

2.6 AFFINITY CHROMATOGRAPHY 

Sepharose 4B coupled to Protein A was used to prepare monoclonal mouse IgG and 

to remove contaminating Fc from the F(ab'K)2 preparations. Sepharose 4B coupled 

to guinea-pig globulins was used to remove Ab reactive with guinea-pig 

immunoglobulins from rabbit anti-mouse Fab'x preparations. 

Proteins were coupled to cyanogen bromide activated sepharose 4B 

(Parmacia). The Sepharose 4B was suspended and washed (15 minutes) in 0.1 M 

MCI and then suspended in coupling buffer. The proteins (4-7 mg/ml) were 

dialysed into coupling buffer before it was mixed with Sepharose 4B and incubated 

overnight at 4°C. After washing with coupling buffer, the gel was incubated for two 

hours with 1 M ethanolamine-HCI pH 9.0. The gel was then washed with 0.2 M 

NTE8. 
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2.7 FLUORESCEIN-CONJUGATED ANTIBODIES 

Ab were conjugated to fluorescein isothiocyanate (FITC) by the method of 

Holborrow and Johnson (1967). 50 mg of Ab in 4.5 ml of normal saline was mixed 

with 1 mg of FITC Isomer I (BDH) dissolved in 0.5 M carbonate buffer pH 9.5, and 

incubated at 25°C for 45 minutes. The mixture was applied to a Sephadex G25 Fine 

(Pharmacia) column equilibrated in 0.0175 M phosphate buffer pH 6.3 to remove 

unconjugated FITC. The conjugated Ab was further purified by stepwise elution 

from a DEAE-cellulose column (equilibrated with 0.0175 M phosphate buffer pH 6.3) 

using 0.25 M NaCI in the same phosphate buffer. Samples (2 ml) were collected 

and FluoresceiniProtein ratio of the samples was determined by reading the 

absorbence at 495 nm and 278 nm respectively. Material with an F:P ratio of 

0.5-0.9 was pooled for use. The final Ab concentration was calculated as: 

- (0.26 X OD^^^) 
ANTIBODY CONCENTRATION = mg/ml 

1.35 

2.8 BIOTINYLATED ANTIBODIES 

Biotinylated mAb were prepared by reacting purified IgG with the 

hydroxysuccinimide ester form of biotin. NHS-LC-Biotin (Pierce) is a water soluble 

biotin analogue with an extended spacer arm (NHS-LC-Biotin is 22.4 A in length). 

1.8 mg of biotin ester was mixed with 20 mg of IgG in 1 ml of 0.1 M bicarbonate 

buffer pH 8.4 (biotin:lgG molar ratio of 22:1). At this molar ratio biotin substitution 

levels of 8 -14 moles of biotin per mole of mAb have been achieved and 100% of 

the biotinylated Ab molecules bound to streptavidin agarose (Gretch et aL, 1987). 

The mixture was incubated for two hours at 4°C before stopping the reaction with 

twenty-times the original volume of cold PBS, followed by dialysis against PBS to 

remove unconjugated biotin ester. The final protein concentration was determined 

by reading the absorbence at 280 nm. 

2.9 LgC IDIOTYPIC IgM 

L2C idiotypic IgM was prepared from the serum of terminally ill guinea pigs with LgC 

leukaemia by a two stage affinity chromatography procedure (Stevenson et aL, 

1980). The affinity columns were made by Mrs Maureen Power. The serum was 

filtered and applied to a sheep anti-guinea-pig // chain:Sepharose 4B column. 
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After loading the sample the column was thoroughly washed with 0.2 M NTE8 and 

bound protein was eluted with Va column volume of ammonium thiocyanate pH 11.5. 

The protein eluent was immediately dialysed against cold 0.2 M NTE8. The protein 

was further purified by passage through a sheep anti-LgC Idiotypic IgMiSepharose 

4B column. The protein eluent from this column was concentrated by pressure 

ultrafiltration, passed through an Ultrogei AcA44 column (Pharmacia LKB 

Biotechnology) and the IgM peak collected. 

2.10 CELLS 

Cells (except thymocytes) were taken from six to eighteen months-old guinea pigs. 

2.10.1 LgC leukaemic B lymphocytes (LgC cells) 

LgC cells were isolated from the blood of guinea pigs in the terminal stages of LgC 

leukaemia. When the white cell count was greater than 5 x 10^/pl blood was taken 

by cardiac puncture into Vs volume of 3.5% sodium citrate pH 7.4. The citrated-

blood was layered onto an equal volume of Ficoll-sodium metrizoate (Nycomed, 

Norway) and centrifuged at 800 g for 20 minutes at room temperature. Cells from 

the serum/Ficoll interface were washed twice in RPMI 1640 medium containing 25 

mM HEPES buffer (400 g for 5 minutes) and resuspended at 1 x 1 0^/ml in RPMI 

1640. The cells were always >90% L2C cells and >95% viable. 

2.10.2 Mononuclear cells 

Citrated-guinea-pig-blood was layered onto an equal volume of Ficoll-sodium 

metrizoate (Nycomed) and mononuclear cells were prepared as for L^C cells and 

resuspended at 1 x 1 0^/ml in RPMI 1640. The mononuclear cells were always 

> 95% viable. 

2.10.3 Bone marrow cells 

Guinea-pig bone marrow cells were taken from the femur. The ends of the femur 

were broken off with a strong pair of scissors and the bone marrow cells were 

flushed out of the femoral shaft with 10 ml cold RPMI 1640 medium (from a syringe 

with 21G needle). The cells were washed twice with cold RPMI and resuspended at 

1 X 1 0^/ml in cold RPMI. 
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2.10.4 Peritoneal exudate macrophages 

Peritoneal exudate macrophages were isolated by a modification of the method of 

Lawson and Stevenson (1983). Peritoneal exudate cells were taken by peritoneal 

lavage, using PBS as the recovery medium, five days after an injection of 1 5 ml of 

liquid paraffin with a density of 0.86 to 0.89 g/ml (Evans Medical, Liverpool). The 

cells were washed twice in RPMI 1 640 medium (400 g for 5 minutes) and 

macrophages were isolated by centrifugation (2000 g for 10 minutes) over 40% 

isotonic Percoll (Pharmacia LKB Biotechnology). The cells taken from the 

medium/Percoll interface were washed twice in RPMI 1640 and resuspended in the 

same medium at 1 x 10^/ml. The cells were always >90% macrophages and 

> 95% viable. 

2.10.5 Spleen cells, lymph node lymphocytes and thymocytes 

Thymocytes were prepared from thymus tissue taken from one to three month-old 

guinea pigs. Lymph node lymphocytes were prepared from guinea-pig lymph nodes 

taken from the neck. These tissues, submerged in RPMI 1640 medium, were cut up 

and then forced through a stainless steel gauze (type 940, 200 mm wide: Expanded 

Metal Company, Hartlepool, UK) with the plunger taken from a 1 ml syringe. The 

cell suspensions were allowed to settle for five minutes and the cells remaining in 

suspension were washed twice in RPMI 1640 and then resuspended in the same 

medium at 1 x 10^/ml. The cells were always >90% viable. 

2.10.6 Human cell lines 

The human T cell-acute lymphoblastic leukaemia cell line, MOLT 4, (Hara et a/., 

1988) was grown in culture by Dr Andrew Lane, Wessex Immunology Service, 

Southampton. MOLT 4 cells were used fresh from culture, washed twice with RPMI 

1640 medium and resuspended in the same medium at 1 x 10^/ml. The cells were 

> 90% viable. 

2.10.7 Cell quantification and viability 

Cell concentrations were determined using a Coulter Counter Industrial D (Coulter 

Electronics), with Zap-oglobin detergent (Coulter Electronics) to lyse contaminating 

red blood cells. Cell viability was assessed by their the ability to exclude 
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0.5% Trypan Blue (Flow Laboratories) in saline. 

2.11 INDIRECT IMMUNOFLUORESCENCE 

Cells (1 X 10^/ml) were incubated at 4°C with an equal volume of mouse or rat mAb 

for 15 minutes. Culture supernatant (neat), diluted ascitic fluid (10 to 100-fold) or 

purified IgG (50 //g/ml final concentration) were used as the sources of mAb. All 

dilutions were made with PBS —BSA—Azide. The cells were washed twice with 

PBS —BSA —Azide (400 g for 5 minutes at 4°C) and incubated with FITC-conjugated 

F(ab'K)2 rabbit anti-mouse FabY, FITC-conjugated F(ab'K)2 donkey anti-mouse IgG 

(Stratech Scientific Ltd), or R-PE-conjugated F(ab'Hz donkey anti-rat IgG (Stratech 

Scientific Ltd) at saturating levels for 15 minutes at 4°C. Guinea-pig serum (5%) 

and rabbit or donkey serum (5%) were included in these incubations. The cells were 

washed once with PBS —BSA —Azide and resuspended at 2 x 1 0®/ml before flow 

cytometric analysis. 

2.11.1 Two colour immunofluorescence 

The method described above was modified for the simultaneous detection of either 

mouse and rat mAb or mouse and biotinylated mouse mAb. All incubations were for 

15 minutes at 4°C and all washes were with PBS —BSA—Azide (400 g for 5 minutes 

at 4°C). 

a) Detection of mouse and rat mAb 

Cells incubated with both rat and mouse mAb were washed twice and incubated 

with both FITC-conjugated F(ab'K)2 donkey anti-mouse IgG and R-PE-conjugated 

F(ab'K)2 donkey anti-rat IgG. Each of these polyclonal reagents had negligible 

reactivity with the other species of mAb. 

b) Detection of mouse and biotinylated mouse mAb 

Cells incubated with mouse mAb were washed twice before incubation with FITC-

conjugated F(ab'K)2 donkey anti-mouse IgG. After two washes the cells were 

incubated with biotinylated mouse mAb (final concentration 50yL/g/ml). After two 

more washes and the addition of mouse serum (final concentration 10%) the 

biotinylated mAb was detected by incubating the cells with either streptavidin-

RED613 (Gibco BRL, Life Technologies inc.) or streptavidin-TRICOLOR (Bradsure 

Biologicals, Leicester) at saturating levels. 
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2.11.2 Three colour immunofluorescence 

Cells were incubated with mouse and rat mAb, washed twice before being incubated 

with both FITC-conjugated F(abY)2 donkey anti-mouse IgG and R-PE-conjugated 

F(ab'K)2 donkey anti-rat IgG. The cells were then washed twice and incubated with 

mouse serum before the addition of biotinylated mouse mAb. After two more 

washes the biotinylated mAb was detected with either streptavidin-RED61 3 or 

streptavidin-TRICOLOR at saturating levels. 

2.11.3 Indirect immunofluorescence of cytoplasmic antigens 

The detection of cytoplasmic antigen was performed by including Saponin (Sigma) at 

a final concentration of 0.3% in all incubations and washing with PBS —BSA —Azide 

containing 0.1 % Saponin. The main action of Saponin on cells is the solubilization 

of cholesterol without damaging the remaining membrane structure (Willingham and 

Postan, 1 985), The detection of most epitopes of cell surface molecules is not 

affected by Saponin at this concentration (Jacob et a!., 1991) which allows for the 

simultaneous detection of surface and cytoplasmic Ag. 

2.11.4 Flow cytometric analysis 

The FACScan flow cytometer (Becton-Dickinson, USA) was used for the analysis of 

immunofluorescence. The dead cells and debris were removed from the analysis by 

using a forward light scatter gate. The fluorochromes were excited with argon laser 

light of 488 nm. The emission intensity was measured at 515-545 nm for FITC, 

564-606 nm for R-PE and >650 nm for RED613, TRICOLOR and propidium iodide. 

10,000 cells were analyzed for most experiments and histograms of fluorescence 

intensity against cell number were generated for each sample. The percentage of 

positive cells was determined by comparison with the histogram produced with the 

negative-control sample (cells incubated with a mAb of the same subclass with 

irrelevant specificity). The mean fluorescence intensity was calculated with the 

FACScan Research software (Becton Dickinson). 

2.12 ANTIGENIC IVIODULATION ASSAY 

LgC cells in RPMI 1640 medium at 1 x 10^/ml were incubated with mouse mAb 

(50 //g/ml) for 15 minutes at 4°C-foliowed by avidin (Sigma) at 500/yg/ml if 
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required —and then transferred to a 37°C water bath for various time periods. The 

cells were washed twice with PBS —BSA —Azide (400 g for 5 minutes) before 

detecting surface Ab with FITC-conjugated F(ab'K)2 donkey anti-mouse IgG. The 

extent of modulation was calculated as the percentage of Ag remaining on the 

surface at time T from the mean fluorescence intensity (MFI): 

MFI at time T 
% ANTIGEN REMAINING = x 100 

MFI at time 0 

2.13 ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA) 

ELISA was used to detect anti-LgC idiotypic IgM reactivity and to determine the 

isotype of mouse mAb by appropriate modifications of the method below. 

96 well plates (Immunoplate II, Nunc) were coated with 100 /vl/well of protein 

in coating buffer for one hour at 37°C and the overnight at 4°C. L^C idiotypic IgM 

was used at 100 ng/ml and sheep anti-mouse IgG at 25 /yg/ml (Sera-lab). Any 

remaining protein binding sites were blocked with 150 /vl/well of PBS —BSA for one 

hour at 37°C. The plates were then washed three times with PBS—Tween and 

100 ywl/well of various dilutions of hybridoma culture supernatant was added and 

incubated for 90 minutes at 37°C. Plates were washed five times with PBS—Tween 

before adding lOOyul/well of the appropriate horseradish peroxidase (Px)-conjugated 

Ab (60 minutes at 37°C). After five more washes with PBS—Tween, 100 /yl/well of 

substrate solution was added and the colour change was noted. The reaction was 

stopped by the addition of 50 /yl/well of 2.5 M HgSO^ and the absorbence at 495 nm 

was determined with an automated Dynatech plate reader. 

2.14 IMMUNOGOLD SILVER STAINING 

Citrated-guinea-pig-blood was incubated with an equal volume of mouse hybridoma 

culture supernatant for one hour at 4°C. The cells were washed twice with 

PBS —BSA —Azide (400 g for five minutes) before incubation with biotinylated sheep 

anti-mouse Ig (Amersham International pic) at saturating concentration. All washes 

used and all dilutions were made with PBS —BSA —Azide. After two washes the 

cells were incubated with a saturating concentration of steptavidin gold (Amersham 

International pic). The erythrocytes were lysed by a five minute incubation with Red 

Blood Cell Lysing Solution before one more wash. The cells were transferred onto 
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microscope slides with a Cytospin II cytocentrifuge (Shandon) and air dried at room 

temperature for one hour. The cells were then fixed in buffered formaldehyde-

acetone for 5 minutes. The gold particles were visualized by a silver enhancement 

reaction using IntenSE M (Amersham International pic) according to the 

manufacturer's instructions. The preparations were counterstained with May 

Grunwald-Giemsa and mounted in DPX (BDH) for light microscopy. 

2.15 IMMUNOHISTOLOGY 

Freshly cut frozen sections (8 /vm) of guinea-pig tissues were fixed in 'dry' acetone, 

washed three times with PBS, and incubated for 1 hour at room temperature with 

hybridoma culture supernatant. All incubations were carried out in a humid box to 

prevent drying of the tissue. After three washes in PBS the sections were incubated 

with Px-conjugated sheep anti-mouse Ig (Amersham International pic). After three 

more washes in PBS the Px was detected using 3,3 diaminobenzidine 

tetrahydrochloride (Vector Laboratories Ltd) according to the manufacturer's 

instructions. The sections were rinsed in distilled water and counterstained lightly 

with haematoxylin. After dehydration, clearing and mounting the sections were 

evaluated by light microscopy. 

2.16 IMMUNOPRECIPITATION 

Cell surface proteins were labelled with ^^^lodine by a modification of the method of 

Phillips and Morrison (1970). Cells were resuspended at 3 x 10®/ml in radiolabelling 

buffer before incubating each ml of cell suspension with the following chemicals (all 

diluted with radiolabelling buffer); 

100//I lactoperoxidase (&> 5 mg/ml (Sigma) 

50 /j\ glucose oxidase @ 1.6 mg/ml (Sigma) 

50/y| glucose @ 18 mg/ml (Sigma). 

The cells were then incubated with 1 mCi/ml (final concentration) carrier free ^^^1 

(Amersham International pic) for ten minutes at room temperature. The reaction 

was stopped by the addition of 25 times the original volume of ice cold PBS 

containing 5 mM Kl. The cells were washed three times in this solution before use. 

Cell surface molecules were precipitated with mAb bound to rabbit 
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anti-mouse FcrSepharose 4B (prepared by Dr Martin Glennie). 3x10® cells were 

incubated with an equal volume of ice cold lysis buffer A for 30 minutes at 4°C and 

then centrifuged at 13,000 g for 30 minutes. The supernatant was 'precleared' by 

mixing with rabbit anti-mouse Fc^sepharose 4B beads overnight at 4°C. The lysate 

(100/vl samples) was incubated with mAb:rabbit anti-mouse FcK:Sepharose 4B 

(20/yl/sample) for two hours at 4°C. The beads were taken and washed four times 

in lysis buffer B. The beads were mixed with SDS-PAGE sample buffer, boiled for 

five minutes and material released into solution was analyzed by SDS-PAGE. The 

gels were dried with a slab gel dryer (Pharmacia LKB), placed into light proof 

cassettes lined with intensifying screens (Genetic Research Ltd) and exposed to 

autoradiography film (Hyperfilm-MP, Amersham International pic) at -70°C. The 

exposure times varied between 24 and 72 hours. 

2.17 POLYACRYLAMIDE GEL ELECTROPHORESIS 

Protein preparations were analyzed for composition and purity by sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) by the method of Laemmli 

(1970). Protein samples (5-50 /yg) in sample buffer were heated to 100°C for 

5 minutes over boiling water. 140 x 110 x 1.5 mm 5-20% acrylamide gradient gels 

(Table 2.3) were made using standard moulding apparatus and gradient mixing 

chamber (Pharmacia LKB). While setting, the gel was over-laid with iso-butanol and 

this was removed before adding the stacking gel. The stacking gel (Table 2.4) was 

poured and sample wells formed by the insertion of a suitable comb before setting. 

The sample wells were washed with electrode buffer before use. 

Samples (50-100//I) were loaded with a microsyringe (Hamilton, 

Switzerland). The vertical slab electrophoresis apparatus was then fully assembled 

and the reservoirs filled with electrode buffer. The samples were electrophoresed 

through the stacking gel at 100 V and then at 300 V through the gradient gel until 

the dye front had reached 1 cm from the end of the gel. The gels were carefully 

removed and placed in stain solution (Coomasie Brilliant Blue, Sigma). The 

background staining was removed by several changes of destain solution over 

1 8 hours at room temperature. 

2.18 TYROSINE PHOSPHATASE ASSAY 

'Precleared' LgC cell lysate was prepared as described in section 2.16 using cells 



Table 2.3 

Composition of separating gels 

Final polyacrylamide concentration 

5% 10% 15% 20% 

Stock acrylamide 4 8 12 16 

1 M Tris (pH 8.8) 15 15 15 15 

Distilled water 19.7 15.7 11.7 7.7 

Stock SDS 0.4 0.4 0.4 0.4 

Stock APS 0.9 0.9 0.9 0.9 

TEMED 25 u\ 25 /yl 25 / ; l 25 //I 

Table 2.4 

Composition of stacking gels 

Final polyacrylamide concentration 

3% 5% 

Stock acrylamide 0.6 1.0 

1 M Tris (pH 6.8) 1.25 1.25 

Distilled water 7.7 7.3 

Stock SDS 0.1 0.1 

Stock APS 0.35 0.35 

TEMED u\ 10// I 

(All volumes are ml, except where stated otherwise) 
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without radiolabelled cell surface molecules. mAb:protein A:Sepharose 4B beads 

were mixed with the lysate for two hours at 4°C. The beads were washed four 

times in lysis buffer B before use. Tyrosine phosphatase activity was measured by a 

modification of the method of Mustelin et a/., (1989). The beads were incubated in 

substrate buffer for various periods at 37°C. The reaction was stopped with 25% 

trichloroacetic acid and the free [phosphate] was measured as follows. Assay buffer 

was added to the reaction mixture and incubated together for 15 minutes at 56°C. 

Samples (200 jj\) were transferred to individual wells of a flat bottomed 96 well 

plate (Gibco) and the absorbence read at 637 nm with an automated Dynatech plate 

reader. The [phosphate] was determined by interpolation into standard curves 

produced using potassium phosphate. 

2.19 CD45 

Guinea-pig CD45 was isolated from L2C cell membranes by immunoaffinity 

chromatography with a modification of the method of Tonks et a!., (1991). 

2.19.1 Preparation of anti-guinea-pig CD45:protein AiSepharose 4B 

30 mg of anti-guinea-pig CD45 (10 mg each of IH-1, IH-2 and IH-4) at 2 mg/ml in 

0.2 M NTE8 was applied to a column of protein A:Sepharose 48 (8 ml). The column 

was washed with 0.2 M NTE8 and then the mAb was cross-linked to the protein A 

with dimethyl pimelimidate (Schneider et aL, 1982). The column was washed with 

0.2 M triethanolamine pH 8.2 before 50 ml of this buffer containing 50 mM dimethyl 

pimelimidate was applied to the column (one hour at room temperature). The 

reaction was stopped by washing with two column volumes of 50 mM ethanolamine 

pH 8.2. The column was washed twice with one column volume of 50 mM 

triethylamine pH 11 (CD45 buffer C) and 0.2 M NTE8 was used to restore the 

column to pH 8.0 after each wash. Washing with this volume of CD45 buffer D did 

not elute any protein from the column. 

2.19.2 Preparation of L2C membranes 

LgC membranes were prepared by a modification of the method of Paramithiotis et 

a/. (1991). 1 X 10^° L2C cells were resuspended at 2 x 10® cells/ml in ice cold 

CD45 buffer D and 10 ml samples were sonicated twice for 30 seconds. After 

centrifugation at 4,000 #for 10 minutes—to remove unbroken cells, nuclei and large 
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cell debris—the supernatant was centrifuged at 100,000 g for 30 minutes. The 

membrane pellet was resuspended in 50 ml of lysis buffer B (containing 0.5% Triton 

X-100) and incubated for one hour at 4°C. After centrifugation at 35,000 #for 10 

minutes the supernatant was used for the purification of CD45. 

2.19.3 Partial purification of guinea-pig CD45 

40 ml of LgC membrane lysate was applied to a 12 ml DEAE-cellulose column 

(DE-52, Whatman Biochemicals) equilibrated in CD45 buffer A. After washing with 

two column volumes of the same buffer, the bound material was eluted with a linear 

salt gradient from 0 (CD45 buffer A) to 0.3 M NaCI (CD45 buffer B). The total 

volume of gradient was ten column volumes and the eluted material was collected in 

6 ml samples. The samples containing tyrosine phosphatase activity were pooled 

and passed over a Sepharose 4B 'preclearing' column (5 ml) equilibrated in CD45 

buffer A. The eluent was immediately passed onto the anti-guinea-pig CD45:protein 

A:Sepharose 4B column and washed in CD45 buffer B to ensure that only material 

bound to the anti-CD45 mAb was retained. After washing the column with two 

column volumes of CD45 buffer A the bound material was eluted with one column 

volume of CD45 buffer C (pH 11.0) and passed immediately onto a Sephadex G-25 

Superfine (Pharmacia LKB) column equilibrated in CD45 buffer A. The protein eluent 

was collected and concentrated by pressure ultrafiltration in an Amicon chamber. 

The total volume of purified CD45 was reduced to 5 ml and glycerol (final 

concentration 20%) was added before storage in aliquots at - 1 35°C. 

2.20 EQUILIBRIUM BINDING ANALYSIS 

The equilibrium binding constant (K^) was determined for F(abY)2 fragments using a 

modification of the method of Dower et al. (1981) and described by Elliott et al. 

(1987). F(ab'K)2 fragments were radiolabelled with carrier free ^̂ ®l (Amersham 

International pic) and lODO-GEN (Pierce) as the oxidising agent according to the 

manufacturer's recommendations. Radioiodinated F(ab'K)2 fragments, at various 

concentrations, were incubated with LgC cells for one hour at 4°C. Any antigenic 

modulation was prevented by including sodium azide at 15 mM (Sigma) and 

2-deoxyglucose at 50 mM (Sigma) in the incubation medium. The free and cell-

bound mAb were separated by sedimenting the cells through a 4:1 mixture of 

2-dibutylphthlate:dinonylphthlate by centrifugation at 1 3,000 g for 45 seconds. The 

cell pellet was separated from the incubation medium by placing the tube in liquid 
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nitrogen and cutting off the tube tip through the now solid phthlate oil. The 

radioactivity of the cell pellet was counted and a saturation binding curve plotted to 

give a direct measure of the Ab bound/cell at saturation. The data was then 

analyzed by the method of Scatchard (Scatchard, 1949; Tinoco et a/., 1978) to give 

the equilibrium binding constant. 

2.21 IMMUNOTHERAPY 

On day 0, 1 x 10^ freshly prepared L2C cells were injected into the peritoneal cavity 

of strain 2 guinea pigs (ten animals in each treatment group). After 48 hours (day 2) 

6.7 X ICr^ moles of IgG in PBS or PBS alone was injected by the same route. The 

results were represented as the percentage of surviving animals at the end of each 

24 hour period. The mean survival times were calculated and statistical analysis 

was performed by the method of Peto and Pike (1973). 

2.22 HISTOLOGY 

Tissues were fixed in Karnovsky's fluid and either 8 /jm sections of frozen tissue 

were cut using a cryostat or 1 //m sections of tissue embedded in glycol 

methacrylate (Ruddell, 1967) were cut using a glass knife microtome. The tissue 

sections were stained with haematoxylin and eosin. 

2.22.1 Glycol methacrylate embedding 

Tissue blocks ( 5 x 3 x 1 mm) were dehydrated to 100% ethanol and placed in a 

solution made up of equal volumes of ethanol and solution A for one hour. All 

procedures were performed at room temperature. The tissue blocks were 

transferred to 100% solution A for one hour and then to fresh solution A and left 

overnight. The tissue blocks were then embedded in airtight capsules with a 

solution made up of 40 volumes of solution A to 1 volume of solution B. 
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CHAPTER 3 

INITIAL CHARACTERIZATION OF THE MONOCLONAL ANTIBODIES 

3.1 INTRODUCTION 

One aim of this project was to raise mAb reactive with guinea-pig B lymphocytes. 

These mAb were to be studied to determine their usefulness in passive 

immunotherapy experiments in the L^C guinea-pig B lymphocytic leukaemia. To this 

date only mAb reactive with L2C idiotypic IgM have been available for these 

experiments. 

Three mAb (IH-1, lH-2 and IH-4) were chosen for further study. These mAb 

were selected because they did not bind to L2C idiotypic IgM. Probably the most 

important information required in order to make a decision about usefulness in 

passive immunotherapy experiments is the expression of the target Ag on different 

cell types. 

3.2 MATERIALS AND METHODS 

Anti-L2C mAb were raised and cloned as described in section 2.4.1. The cellular 

expression of the Ag recognised by these mAb was determined by using culture 

supernatant containing the test Ab for immunohistology, immunogold silver staining 

and indirect immunofluorescence. An ELISA performed by Miss Alison Tutt 

indicated that these mAb were of the IgGI subclass. The method of 

immunoprecipitation of cell surface Ag bound by these mAb has been described in 

detail in section 2.16. Immunofluorescence of blood cells was performed by 

incubating 50 /yl of citrated-blood with mAb, following washes and incubation with 

fluorochrome labelled Ab, the erythrocytes were lysed by incubation with 2 ml of 

Red Blood Cell Lysing solution for 5 minutes at room temperature. The cells were 

washed once with PBS —BSA—Azide before flow cytometric analysis. 

3.3 RESULTS 

3.3.1 IH-1, IH-2 and IH-4 do not react with LgC Idiotypic IgM 

Figure 3.1 shows the binding of these mAb to both L^C cells and L2C cells which 

lack surface idiotypic IgM. Other mAb (Table 2.2) used in this type of experiment 



Figure 3 .1 Indirect immunofluorescence staining of LgC cells 

Culture supernatants containing monoclonal antibody 

(RJD-2A10, AG1-5, 5G10, 5E6-G6, IH-1, IH-2 and IH-4) 

were incubated with either L2C cells (black) or L2C cells 

which do not express idiotypic IgM (open). The 

membrane bound mouse Ig was detected with FITC-

conjugated anti-mouse Ig. The stained cells were 

analyzed on the FACScan and the results are shown as 

relative cell number against log^Q fluorescence. The 

results shown are typical of those obtained from at least 

three separate experiments. 
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react with either surface igM on LgC cells (RJD-2A10 and AG1-5) or surface 

molecules other than IgM on LgC cells (5G10 and 5E6-G6). All mAb used stained 

wild-type LgC cells. RJD-2A10 and AG 1-5 failed to stain the variant L2C cells, but 

all other mAb stained them. These experiments suggest that the Ag recognised by 

IH-1, IH-2 and IH-4 is not L^C idiotypic IgM. 

This result was confirmed by measuring the binding of mAb to plastic coated 

with purified L2C idiotypic IgM (Figure 3.2). Ab binding, using various dilutions of 

the appropriate culture supernatants, was demonstrated by ELISA. In these 

experiments only the mAb reactive with idiotypic IgM (RJD-2A10 and 

AG1-5) bound to the plates. IH-1, IH-2, IH-4, 5E6-G6 and 5G10 all failed to bind to 

purified idiotypic IgM. 

Taken together the two experiments described above indicate that IH-1, 

IH-2 and IH-4 react with surface molecules other than IgM. However, the best 

evidence would be to directly compare the biochemical properties of the Ag. This 

was done by immunoprecipitating ^^^l-labelled L2C cell surface molecules with 

RJD-2A10 (anti-id),IH-1, IH-2, and IH-4 (Figure 3.3). Under reducing conditions the 

idiotypic IgM runs as heavy chains (97 kDa) and light chains (29 kDa). However, 

under the same conditions the test mAb all precipitated a single molecular species of 

between 220-230 kDa. This result demonstrates conclusively that IH-1, IH-2 and 

IH-4 react with surface molecules other than IgM. Moreover, they appear to react 

with the same Ag with a molecular weight similar to that of the leukocyte common 

antigen (CD45). 

If different mAb react with the same epitope it should be possible to block 

the binding of one mAb by pre-incubating the Ag with the other mAb. Figures 3.4 

and 3.5 show the results of an experiment designed to detect this kind of epitope 

blocking. It was possible to demonstrate blocking of each mAb by itself. However, 

no blocking was detected of the other test mAb, including H201 which is known to 

react with guinea-pig CD45. This result indicates that these mAb bind to different 

epitopes, however, the results do not indicate whether the epitopes are on the same 

or different molecules. 

3.3.2 Cellular expression of the IH-1, IH-2 and IH-4 epitopes 

Figure 3.6 shows the binding of mAb to blood leukocytes taken from three strains of 



Figure 3 . 2 Binding to purified LgC idiotypic IglVI detected by ELISA 

Culture supernatants containing monoclonal antibody 

(RJD-2A10, AG1-5, 5G10, 5E6-G6, IH-1, IH-2 and IH-4) 

were incubated in 96 well plates coated with purified 

L2C idiotypic IglVI. The bound mouse Ig was detected 

with peroxidase-conjugated anti-mouse Ig and 

o-phenyldiamine. The absorbence at 495 nm was 

determined with an automated Dynatech plate reader. 

The results are shown as absorbence at 480 nm against 

the dilution of culture supernatant added to the well. 

The data points are the mean of two wells and the 

variation between the individual wells was negligible. 
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Figure 3.3 Immunoprecipitation of the IH-1, IH-2 and IH-4 antigens 

L2C cells were surface labelled with ^^^lodine and then 

solubilised with Triton X-100. Beads coated with 

monoclonal antibody —3E1 (negative-control), RJD-2A10 

(antkLgC Idiotypic IgM), IH-1, IH-2, and IH-4—were 

added to the precleared radioiodinated LgC membrane 

supernatant. After an appropriate incubation the beads 

were washed and the bound proteins were analyzed on 

5 - 1 5 % SDS-PAGE under reducing conditions followed 

by autoradiography. Molecular weight markers are 

indicated (IVl). 

TRACK A: 3E1 

TRACK B: RJD-2A10 

TRACK C: IH-1 

TRACK D: IH-2 

TRACK E: IH-4 
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Figure 3 . 4 Blocking of H201 and biotinylated IH-1 binding to LgC 

cells with IH-1, IH-2 and IH-4 

L2C cells were incubated with various concentrations of 

IH-1, IH-2 or IH-4 (purified IgG) for 15 minutes at 4°C 

followed by a 15 minute incubation with either H201 

culture supernatant or biotinylated IH-1 (25 /yg/ml). 

H201 binding was detected with R-PE-conjugated 

F(ab'K)2 donkey anti-rat IgG. Biotinylated IH-1 binding 

was detected with streptavidin-R-PE. The stained cells 

were analyzed on the FACScan and the results are 

shown as the test fluorescence (expressed as a 

percentage of the fluorescence without blocking 

antibody) against the concentration of the blocking 

antibody. The data points represent the mean of three 

samples. 

% fluorescence MFI with blocking Ab 
without = xlOO 
blocking Ab MFI without blocking Ab 
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Figure 3 .5 Blocking of biotinylated IH-2 and biotinylated IH-4 binding 

to LgC cells with IH-1, IH-2 and IH-4 

LgC cells were incubated with various concentrations of 

either IH-1, IH-2 or IH-4 (purified IgG) for 15 minutes at 

4°C followed by a 15 minute incubation with either 

biotinylated IH-2 or biotinylated IH-4 (25 /yg/ml). 

Biotinylated monoclonal antibody binding was detected 

with streptavidin-R-PE. The stained cells were analyzed 

on the FACScan and the results are shown as the test 

fluorescence (expressed as a percentage of fluorescence 

without blocking antibody) against the concentration of 

the blocking antibody. The data points represent the 

mean of three samples. 

% fluorescence MFI with blocking Ab 
without = xlOO 
blocking Ab MFI without blocking Ab 
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Figure 3 . 6 Monoclonal antibody staining of blood leukocytes 

Cul ture supernatants conta in ing monoc lona l 

antibody—AG 1 -5 (anti-// chain), HI 59 (anti-TCR), H I 5 5 

(anti-CD4), CT6 (anti-CD8), H201 (anti-CD45), IH-1, 

IH-2, and IH-4—were incubated with blood from 

strain 2, strain 13 and Dunkin-Hartley guinea pigs. 

The mouse Ig was detected with FITC-anti-mouse Ig and 

the rat Ig was detected with R-PE-anti-rat Ig and before 

analysis the red blood cells were lysed. The stained 

cells were analyzed on the FACScan and the results 

shown as relative cell number against log^Q 

fluorescence. The staining with the test antibodies are 

the black fluorescence profiles and staining with the 

negative-control antibody —identical subclass wi th 

irrelevant specificity —are the open profiles. The marker 

lines show the stained cells. Stained cells are those 

brighter than the brightest 1 % of cells stained with the 

negative-control antibody. 
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guinea pig (strain 2, strain 13 and Dunkin-Hartley) detected by indirect 

immunofluorescence. The percentage of stained cells for each mAb is shown in 

Table 3.1. For each mAb, the fluorescence profile and percentage of cells stained 

was the same for cells taken from different guinea-pig strains. IH-1 and H201 

stained all (>90%) blood leukocytes, however, IH-2 and IH-4 had very different 

patterns of staining. IH-2 stained around 70% of leukocytes and IH-4 around 40%. 

Both IH-1 and H201 stained both mononuclear cells and granulocytes —mononuclear 

cells were stained brighter than granulocytes (Figure 3.7). All mononuclear cells 

were stained by IH-2 but only a proportion of mononuclear cells were stained by 

IH-4 (Figure 3.8). Granulocytes were not stained by both IH-2 and IH-4 (Figure 3.8). 

The staining of freshly prepared blood mononuclear cells was also performed. Figure 

3.9 shows that >95% of these mononuclear cells were stained by both IH-1 and 

IH-2 and only 45-65% were stained by IH-4. 

In order to look at the binding of mAb to individual cells the technique of 

immunogold silver staining was used. These studies confirmed the results obtained 

by indirect immunofluorescence. IH-1 stained all leukocytes—granulocytes and 

monocytes less intensely than lymphocytes and Kurloff cells (Figure 3.10). The 

Kurloff cell is probably the guinea pig equivalent of the NK cell (Revell, 1977; Eremin 

et a/., 1980; Debout et a/., 1984). All lymphocytes, including Kurloff cells, were 

stained by IH-2 (Figure 3.11), but only a proportion of lymphocytes (including all 

Kurloff cells) were stained by IH-4 (Figure 3.11). Staining of granulocytes and 

monocytes by IH-2 and IH-4 was not demonstrated by this technique. 

Indirect immunofluorescence of bone marrow cells (Figure 3.12) also followed 

the general trend (Table 3.2) with IH-1 staining more cells (76%) than IH-2 (50%) 

and IH-4 (36%) and only IH-1 staining the granulocyte precursors (Figure 3.13). 

Figure 3.14 shows the staining of oil-induced peritoneal (exudate) 

macrophages with IH-1, IH-2 and IH-4. This population of macrophages were 

stained by both IH-1 (90%) and IH-2 (80%). IH-4 stained very few macrophages 

(10%) with a very low level of fluorescence. 

Immunoperoxidase staining of guinea-pig tissues was performed in order to 

detect the binding of mAb to cells other than leukocytes. The tissues tested 

included lung, heart, thymus, striated muscle, peripheral nerve, liver, small intestine, 

kidney, adrenal gland, spleen and lymph node. In all of these tissues only leukocytes 



Table 3 .1 

Monoclonal antibody staining of blood leukocytes 

Percentage of Stained Cells 

Strain 2 Strain 13 Dunkin-Hartley 

Msgp9 (pan B cell) 16 12 14 

HI 59 (anti-TCR) 44 54 40 

H I 5 5 (anti-CD4) 31 35 27 

CT6 (anti-CD8) 12 18 12 

H201 (anti-CD45) 93 97 96 

IH-1 95 96 95 

IH-2 75 68 70 

IH-4 47 38 42 

Percentages are the mean of three or more separate experiments unless the results 

vary by ± 5% when I have indicated the complete range of values. 



Figure 3.7 Staining of blood leukocytes with IH-1 and H201 

Culture supernatants containing monoclonal antibody 

(H201 and IH-1) were incubated with blood from 

strain 13 guinea pigs. The mouse Ig was detected with 

FITC-anti-mouse Ig and the rat Ig was detected with 

R-PE-anti-rat Ig and before analysis the red blood cells 

were lysed. The stained cells were analyzed on the 

FACScan and the results shown as relative cell number 

against log^Q fluorescence. 

The gates used to analyze mononuclear cell staining or 

granulocyte staining are indicated on the scatter 

profiles—forward light scatter (FSC) against 90 light 

scatter (SSC). The panels at the bottom of the page 

show the fluorescence profiles of the granulocytes 

(complete lines) and of the mononuclear cells (dotted 

lines). 
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Figure 3 . 8 Staining of blood leukocytes with IH-2 and IH-4 

Culture supernatants containing monoclonal antibody 

(IH-2 and IH-4) were incubated with blood from 

strain 13 guinea pigs. The mouse Ig was detected with 

FITC-anti-mouse Ig and before analysis the red blood 

cells were lysed. The stained cells were analyzed on the 

FACScan and the results shown as relative cell number 

against log^Q fluorescence. 

The gates used to analyze mononuclear cell staining or 

granulocyte staining are indicated on the scatter 

profiles —forward light scatter (FSC) against 90° light 

scatter (SSC). The panels at the bottom of the page 

show the fluorescence profiles of the granulocytes 

(complete lines) and of the mononuclear cells (dotted 

lines). 
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Figure 3.9 Monoclonal antibody staining of blood mononuclear cells 

Culture supernatants containing monoclonal antibody 

(5G10, IH-1, AG1-5, IH-2, and IH-4) were incubated 

wit l i nnononuclear cells prepared from strain 13 guinea-

pig blood. The antibodies were detected witt i FITC-anti-

mouse Ig. Thie stained cells were analyzed on the 

FACScan and the results shown as relative cell number 

against log^Q fluorescence. 

The scatter profile of guinea-pig mononuclear cells is 

shown —forward light scatter (FSC) against 90 light 

scatter (SSC). 

The staining with the test antibodies are the black 

fluorescence profiles and staining with the negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 1 % of cells stained with the negative-

control antibody. The results shown are typical of those 

obtained from at least three separate experiments. 
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Figure 3 . 1 0 Immunogold silver staining of blood leukocytes 

Blood cells were incubated with culture supernatants 

containing monoclonal antibody (negative-control or 

IH-1). The mouse Ig was detected with biotinylated 

anti-mouse Ig followed by streptavidin-gold. Before 

fixing the cells to microscope slides the red blood cells 

were lysed. The gold particles were enlarged by a silver 

enhancement reaction and are seen as black dots around 

the cells. 

Kurloff cells (K), lymphocytes (L), monocytes (M), and 

neutrophils (N) are all labelled on the photomicrographs. 

Original magnification is X800. 
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Figure 3 . 1 1 Immunogold silver staining of blood leukocytes 

Blood cells were Incubated with culture supernatants 

containing monoclonal antibody (IH-2 or IH-4). The 

mouse Ig was detected with biotinylated anti-mouse Ig 

followed by streptavidin-gold. Before fixing the cells to 

microscope slides the red blood cells were lysed. The 

gold particles were enlarged by a silver enhancement 

reaction and are seen as black dots around the cells. 

Kurloff cells (K), lymphocytes (L), monocytes (M), and 

neutrophils (N) are all labelled on the photomicrographs. 

Original magnification is X800. 
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Figure 3 . 1 2 Monoclonal antibody staining of bone marrow cells 

Culture supernatants containing monoclonal antibody 

(IH-1, IH-2, and IH-4) were incubated with cells prepared 

from strain 13 guinea-pig bone marrow. The mouse Ig 

was detected with FITC-anti-mouse Ig. The stained cells 

were analyzed on the FACScan and the results shown 

as relative cell number against log^g fluorescence. 

The scatter profile of guinea-pig bone marrow cells is 

shown—forward light scatter (FSC) against 90° light 

scatter (SSC). Both mononuclear cell and granulocyte 

precursors can be differentiated on the basis of light 

scatter. 

The staining with the test antibodies are the black 

fluorescence profiles and staining with the negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 1 % of cells stained with the negative-

control antibody. The results shown are typical of those 

obtained from at least three separate experiments. 
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Table 3 . 2 

Monoclonal antibody staining of leukocytes 

Percentage of Stained Cells 

IH-1 IH-2 IH-4 

blood leukocytes >95 70-80 30-50 

blood mononuclear cells >95 >95 45-65 

bone marrow cells 75 50 35 

perotoneal exudate 90 80 10 

macrophages 

spleen cells 80 70 40 

lymph node cells 90 90 70 

Percentages are the mean of three or more separate experiments unless the results 

vary by ± 5% when I have indicated the complete range of values. 



Figure 3 . 1 3 Staining of bone marrow cells witli IH-1 and H201 

Culture supernatants containing monoclonal antibody 

(H201 and IH-1) were incubated with bone marrow cells 

from strain 13 guinea pigs. The mouse Ig was detected 

with FITC-anti-mouse Ig and the rat Ig was detected 

with R-PE-anti-rat Ig. The stained cells were analyzed 

on the FACScan and the results shown as relative cell 

number against log^Q fluorescence. 

The gates used to analyze mononuclear cell staining or 

granulocyte staining are indicated on the scatter 

profiles —forward light scatter (FSC) against 90 light 

scatter (SSC). The panels at the bottom of the page 

show the fluorescence profiles of the granulocyte 

precursors (complete lines) and of the mononuclear cell 

precursors (dotted lines). 
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Figure 3.14 Monoclonal antibody staining of peritoneal exudate cells 

Culture supernatants containing monoclonal antibody 

(IH-1, IH-2, and IH-4) were incubated with oil-induced 

peritoneal macrophages prepared from strain 13 guinea-

pigs. The mouse Ig was detected with FITC-anti-mouse 

Ig. The stained cells were analyzed on the FACScan and 

the results shown as relative cell number against log^Q 

fluorescence. 

The scatter profile of guinea-pig peritoneal exudate cells 

is shown—forward light scatter (FSC) against 90° light 

scatter (SSC). 

The staining with the test antibodies are the black 

fluorescence profiles and staining with the negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 1 % of cells stained with the negative-

control antibody. The results shown are typical of those 

obtained from at least three separate experiments. 
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were stained. IH-1 stained all leukocytes, IH-2 and IH-4 stained a proportion of the 

leukocytes within the various tissues. Sections of small intestine stained by IH-1, 

IH-2 and IH-4 are shown in Figures 3.15 and 3.16. In the lamina propria, all 

lymphocytes were stained by IH-1 (Figure 3.15). The majority of lamina propria 

lymphocytes were stained by IH-2 but the staining was less intense than seen with 

IH-1 (Figure 3.15). Only a very small number lamina propria lymphocytes were 

stained by IH-4 (Figure 3.16). 

Both immunoperoxidase staining of tissue sections and immunofluorescence 

staining of cell suspensions of lymphoid tissues were performed to detected 

differential staining of lymphocytes by IH-1, IH-2 and IH-4. Figure 3.17 shows that 

both IH-1 and IH-2 stained all lymphocytes within the white pulp of the spleen. IH-4 

stained all lymphocytes within the B cell areas but only some lymphocytes within the 

T cell areas (Figure 3.1 8). This suggests that there is differential expression of the 

IH-4 epitope on T cells. However, both IH-1 and IH-2 stained all T cells equally, 

which suggests that there is no differential expression of these epitopes on T cells. 

Indirect immunofluorescence of spleen cell suspensions (Figure 3.19) showed that 

both IH-1 and H201 stain the vast majority of cells (80%) and IH-2 slightly fewer 

(70%). However, IH-4 only stained 40% of spleen cells. 

The pattern of immunoperoxidase staining of lymph node with IH-1, IH-2 and 

IH-4 was similar to that described for spleen. All lymph node lymphocytes were 

stained by IH-1 and IH-2 (Figure 3.20). Almost all follicular cells were stained by 

IH-4 (Figure 3.21), however, there was differential staining of lymphocytes within 

the parafollicular areas (T cells). Indirect immunofluorescence staining of 

suspensions of lymph node lymphocytes showed that IH-1 and IH-2 stained 90% of 

cells and IH-4 stained only 70% (Figure 3.22). 

3.4 DISCUSSION 

3.4.1 IH-1, IH-2 and IH-4 react with CD45 

The mAb IH-1, IH-2 and IH-4 have been shown to react with molecules other than 

IgM on the surface of guinea-pig leukaemic B lymphocytes. This conclusion is based 

on the results of experiments utilizing three very different techniques: indirect 

immunofluorescence of the cell suspensions, ELISA using purified LgC idiotypic IgM 

and immunoprecipitation using lysates of ^^^1-labelled cell surface molecules. The 



Figure 3 . 1 5 immunoperoxidase staining of small intestine 

Sections of guinea-pig small intestine were incubated with 

culture supernatants containing monoclonal antibody (IH-1 

and IH-2). The antibodies were detected with peroxidase-

conjugated anti-mouse Ig followed by diaminobenzidine 

which produces an insoluble brown reaction product. 

Lamina propria lymphocytes (L) are shown on the 

photomicrograph. Original magnification is X320. 
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Figure 3 . 1 6 Immunoperoxidase staining of small intestine 

Sections of guinea-pig small intestine were incubated with 

culture supernatants containing monoclonal antibody 

(IH-4). The antibody was detected with peroxidase-

conjugated anti-mouse Ig followed by diaminobenzidine 

which produces an insoluble brown reaction product. 

Lamina propria lymphocytes (L) are shown on the 

photomicrograph. Original magnification is X320. 
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Figure 3 . 1 7 Immunoperoxidase staining of spleen 

Sections of guinea-pig spleen were Incubated with culture 

supernatants containing monoclonal antibody (IH-1 and 

IH-2). The antibodies were detected with peroxidase-

conjugated anti-mouse Ig followed by diamlnobenzldine 

which produces an Insoluble brown reaction product. 

T cell areas (T) and B cell areas (B) of the white pulp are 

shown on the photomicrograph. Original magnification is 

X200. 
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Figure 3 . 1 8 Immunoperoxidase staining of spleen 

Sections of guinea-pig spleen were incubated with culture 

supernatants containing eithermouse monoclonal antibody 

(IH-4) or rat monoclonal anti-TCR (HI59). The mouse Ig 

was detected with peroxidase-conjugated anti-mouse Ig 

and the rat Ig with peroxidase-conjugated anti-rat Ig. The 

peroxidase was detected by adding the substrate 

diaminobenzidine which produces an insoluble brown 

reaction product. 

T cell areas (T) and B cell areas (B) of the white pulp are 

shown on the photomicrograph. Original magnification is 

X200. 
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Figure 3.19 Monoclonal antibody staining of spleen cells 

Culture supernatants containing IH-1, iH-2, IH-4, HI 59 

(anti-TCR), or H201 (anti-CD45) were incubated with 

guinea-pig spleen cells. The mouse Ig was detected 

with FITC-anti-mouse Ig and the rat Ig with R-PE-anti-rat 

Ig. The stained cells were analyzed on the FACScan and 

the results shown as relative cell number against log^Q 

fluorescence. 

The scatter profile of guinea-pig spleen cells is 

shown- forward light scatter (FSC) against 90° light 

scatter (SSC). 

The staining with the test antibodies are the black 

fluorescence profiles and staining with the negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 1 % of cells stained with the negative-

control antibody. The results shown are typical of those 

obtained from at least three separate experiments. 
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Figure 3 . 2 0 Immunoperoxidase staining of lymph node 

Sections of guinea-pig lymph node were incubated with 

culture supernatants containing monoclonal antibody (IH-1 

and IH-2). The antibodies were detected with peroxidase-

conjugated anti-mouse Ig followed by diaminobenzidine 

which produces an insoluble brown reaction product. 

T cell areas (T) and B cell areas (B) of the white pulp are 

shown on the photomicrograph. Original magnification is 

X200. 
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Figure 3 . 2 1 Immunoperoxidase staining of lymph node 

Sections of guinea-pig lympti node were incubated with 

culture supernatants containing monoclonal antibody 

(IH-4). The antibody was detected with peroxidase-

conjugated anti-mouse Ig followed by diaminobenzidine 

which produces an insoluble brown reaction product. 

T cell areas (T) and B cell areas (B) of the white pulp are 

shown on the photomicrograph. Original magnification is 

X200. 
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Figure 3 . 2 2 Monoclonal antibody staining of lymph node cells 

Culture supernatants containing monoclonal antibody 

(IH-1, IH-2, and IH-4) were incubated with guinea-pig 

lymph node cells. The mouse Ig was detected with 

FITC-anti-mouse Ig. The stained cells were analyzed on 

the FACScan and the results shown as relative cell 

number against log^Q fluorescence. 

The scatter profile of guinea-pig lymph node cells is 

shown—forward light scatter (FSC) against 90° light 

scatter (SSC). 

The staining with the test antibodies are the black 

fluorescence profiles and staining with the negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 1 % of cells stained with the negative-

control antibody. The results shown are typical of those 

obtained from at least three separate experiments. 
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molecular weights of the surface molecules precipitated by these mAb was 

220-230 kDa. This is the molecular weight of molecules precipitated from the L2C 

cell surface by the mAb H201, which is believed to react with guinea-pig CD45 

(Schafer et a!., 1990). In other species the CD45 molecules precipitated from 

B cells also have molecular weights of around 220-240 kDa: man (Pulido et a!., 

1988), rat (Woollett eta!1985b), mouse (Birkeland et aL, 1988), sheep (Maddox 

et a!., 1985), chicken (Houssaint et a/., 1987), cow (Howard eta/., 1991) and dog 

(Sarmiento and Valli, 1987). In all species examined so far, the CD45 isoform(s) 

expressed by 8 cells is the largest one; presumably containing exon A, B and C 

dependent sequences (Thomas, 1989; Thomas and Lefrancois, 1988). Smaller 

isoforms can be expressed by B cells and this has been demonstrated by activating 

B cells in culture (Jensen eta/., 1989; Zola et a/., 1990). 

The immunoprecipitation experiments described here show that IH-1, IH-2 

and IH-4 all react with a molecule of between 220-230 kDa which is expressed on 

the cell surface of guinea-pig leukaemic B lymphocytes (L2C cells). If this molecule 

represents all of the CD45 on the cell surface this result suggests that guinea-pig 

B cells express only the largest CD45 isoform. L2C cells express surface IgM 

(Stevenson and Stevenson, 1975; Stevenson et a/., 1975) and we would expect 

B cells at this stage of maturation to co-express the largest CD45 isoform (Kincade, 

1987). 

The blocking experiments can be interpreted two ways: either IH-1, IH-2 and 

IH-4 react with three different molecules with identical molecular weights —which is 

possible but unlikely—or they react with different epitopes on the same molecule. If 

the latter is true then they would form a very interesting panel of anti-CD45 mAb. 

Furthermore, H201 (anti-CD45) reacts with a different epitope which is on all CD45 

isoforms. 

3.4.2 Cellular expression of the IH-1, IH-2 and IH-4 epitopes 

If the anti-CD45 mAb react with different epitopes it is possible that they may react 

with different CD45 isoforms, that is show a restricted (anti-CD45R) reactivity with 

CD45 isoforms (Thomas and Lefrancois, 1988; McCall eta/., 1992). This was 

tested by studying the expression of their epitopes on various leukocyte populations. 

The results of the experiments using flow cytometric analysis of 

immunofluorescently stained cells and microscopy of immunogold silver stained cells 
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have defined the reactivities of IH-1, IH-2 and IH-4 with different leukocyte 

populations. These studies show clearly that IH-1, IH-2 and IH-4 have very different 

patterns of reactivity with blood leukocytes. IH-1 reacted with almost all guinea-pig 

leukocytes in the same way as the anti-CD45 mAb H201. This reactivity is typical 

of anti-CD45 mAb that react with all isoforms and, in man, many anti-CD45 mAb 

with this pattern of reactivity have been described (Cobbold et aL, 1987; Pulido et 

a/., 1988). IH-2 and IH-4 reacted with fewer blood leukocytes (Table 3.1). This 

pattern of reactivity was also reflected in the proportions of cells stained in bone 

marrow cell suspensions (Table 3.2). In man, it is only cells of the erythroid lineage 

which do not express CD45 (Loken eta/., 1987b; Civin and Loken, 1987) and the 

high percentage of bone marrow cells stained by IH-1 would be consistent with this 

occurring in guinea pig as well. 

To date very few mAb have been raised to guinea-pig leukocyte 

differentiation antigens (Tan et al., 1985; Burger et al., 1986; Schafer eta!., 1990; 

Schafer and Burger, 1991; Schafer and Burger, 1992), and the pattern of reactivity 

of these mAb with leukocytes is different to that of IH-1, IH-2 and IH-4. IH-4 

stained a similar fraction of blood leukocytes when compared with the anti-TCR and 

anti-CD4 mAb. However these mAb, unlike IH-4, did not react with LgC cells (data 

not shown) and their Ag have much smaller molecular weights than CD45 (Schafer 

and Burger, 1991; Schafer and Burger, 1992). Clearly IH-2 and IH-4 are mAb with 

novel reactivities with guinea-pig leukocytes and consequently are worthy of detailed 

characterization. 

CD45 is expressed at very high levels on lymphocytes and lower levels on 

granulocytes and monocytes (Shah et a/., 1988). This has also been shown 

convincingly here in the guinea pig (Figures 3.7 and 3.10). The results also show 

that guinea-pig Kurloff cells express high levels of CD45 and this appears to be 

mainly the larger isoforms because both IH-2 and IH-4 reacted very strongly. This 

has also been shown for human NK cells (Lanier et a/., 1992b). IH-2 and IH-4 failed 

to react strongly with neutrophils and IH-4 failed to react with monocytes and 

macrophages. Most studies indicate that granulocytes, monocytes and 

macrophages express the smaller CD45 isoforms (Newman eta/., 1984; Akbar et 

a/., 1 988; Pulido et aL, 1 988). It appears from the results here that the expression 

of only small CD45 isoforms by neutrophils, monocytes and macrophages also 

occurs in the guinea pig. 
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The lamina propria contains a variety of lymphoid and accessory cells. These 

cells include mast cells, basophils, macrophages, eosinophils, plasma cells, B and T 

lymphocytes and NK cells (James eta!., 1986; Mowat, 1987; Harvey and Jones, 

1991). More than 95% of lamina propria T cells have the ay? TCR (Ullrich et aL, 

1990) and they have a CD4:CD8 ratio which resembles that of blood (Selby et a!., 

1984); % CD4+ and Va CD8 + . Only 10% of lamina propria lymphocytes express 

CD45RA and 90% CD45R0 (Schieferdecker et a!., 1990). This indicates that the 

majority of lamina propria T cells express the small CD45 isoforms. The lamina 

propria lymphocytes all stained with IH-1 but fewer were stained by IH-2 and the 

minority of cells by IH-4. Again this result is consistent with IH-2 and IH-4 reacting 

with only some (large) CD45 isoforms and that, as in man, the majority of lamina 

propria lymphocytes express only the small isoforms. 

Very little is known about the expression of CD45 isoforms on granulocytes, 

monocytes, macrophages and NK cells but isoform expression on lymphocytes has 

been studied in much more detail (Thomas, 1989). So, in order to obtain 

information useful for comparing the anti-guinea-pig CD45R mAb with the human 

equivalents, a series of experiments looked at lymphocyte populations which express 

the IH-1, IH-2 and IH-4 epitopes. 

The pattern of immunofluorescence staining of lymphoid cell suspensions and 

immunohistology of lymphoid tissues stained with lH-1 was identical to that already 

described for the mAb H201 (Schafer et a!., 1990). IH-1 and H201 stained virtually 

all cells in lymph node and spleen. This pattern of staining is seen with all 

conventional anti-CD45 mAb in man (Pulido eta/., 1988; Lai et a!., 1991) and 

mouse (Birkeland et al., 1988). These experiments demonstrated that both IH-2 and 

IH-4 react with subpopulations of lymphocytes in both spleen and lymph node. In 

other species (man, mouse, rat and sheep), both B and T lymphocytes can be 

divided into subpopulations by anti-CD45R mAb (Morimoto et a/., 1985; Jensen et 

a/., 1989; Lee et al., 1990; Mackay ef a/., 1990; Powrie and Mason, 1 990). Both 

IH-2 and IH-4 stained all lymphocytes in B cell areas but only a fraction of cells in 

the T cell areas. This suggests that these mAb may be able to divide T cells into 

two subpopulations. IH-2 stained a greater proportion of T cells than did IH-4. 

It seems likely from the result of immunoperoxidase staining that lH-2 and 

IH-4 epitopes were present on the same T cells, although fewer T cells were stained 

by IH-4. This result was confirmed by three colour immunofluorescence studies 
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presented in the next chapter. In man, anti-CD45R0 and anti-CD45RA define two 

more or less reciprocal subpopulations (Morimoto et a/., 1985; Rudd eta/., 1987; 

Terry et a!., 1 988; Richards et at., 1 990; Zola et a!., 1 992). One explanation for the 

staining patterns of IH-2 and IH-4 is that they both react with the same CD45 

isoforms (IH-2 also reacts with some extra ones), in a way that anti-CD45RA and 

anti-CD45RB mAb have some human CD45 isoforms in common (Thomas, 1989). 

In comparison with other species the subdivision of T cells by anti-CD45R has very 

interesting functional consequences (Thomas, 1 989) and the same will probably be 

true in the guinea pig. 

The results discussed here have demonstrated that this panel of mAb have 

the characteristics of anti-CD45 (IH-1) and anti-CD45R (IH-2 and IH-4) mAb. 

However, this possibility needs to be demonstrated formally (next chapter). 

However, IH-2 and IH-4 have very interesting staining patterns which will probably 

be of great importance to immunologists studying immune responses in the guinea 

pig-
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CHAPTER 4 

CD45 ISOFORM EXPRESSION BY GUINEA-PIG LYMPHOCYTES 

4.1 INTRODUCTION 

CD45 isoforms are expressed in a cell-type specific manner (Lefrancois et a!., 1 986; 

Thomas, 1989; Rogers et a!., 1992). mAb reactive with epitopes dependent on the 

variable exons have been used to detect the differential expression of CD45 isoforms 

on subpopulations of lymphocytes (Thomas, 1989; Barclay and McCall, 1992). The 

importance of CD45 in signal transduction through various surface molecules has 

been demonstrated (Trowbridge, 1991; Trowbridge et a!., 1991). The signal 

transduction events which involve CD45 will probably play a role in both T cell 

development in the thymus and activation of mature T cells by Ag in peripheral 

lymphoid tissues. CD45 may play similar roles in B cell development and activation. 

It may have similar functions in other leukocytes including NK cells. The regulatory 

functions of CD45 will be very complex and difficult to study because of the 

existence of isoforms and differential expression of these isoforms by the same cells 

as they develop and change their state of activation. 

Probably the most fundamental question concerning the function of CD45 is 

which isoforms are expressed on each type of leukocyte and changes in isoform 

expression with differentiation and state of activation. In this chapter I have put 

together the results of my studies aimed at answering this question. Most of the 

results obtained were investigating CD45 isoform expression on T cells developing in 

the thymus and mature CD4* T cells in blood. First I will present the results 

obtained using mature CD4+ T cells which appears to be the more straight forward 

to understand and then 1 will present the results obtained for thymocytes. 

4 .2 MATERIALS AND METHODS 

The distribution of CD45 isoforms on lymphocyte subpopulations was studied using 

two and three colour immunofluorescence and flow cytometric analysis. IH-1, lH-2 

and lH-4 were used as purified IgG or biotinylated IgG. All single colour and two 

colour immunofluorescence studies of thymocytes involved the analysis of viable 

cells only. This was performed by adding propidium iodide (1 /yg/ml) to the final 

wash buffer and analyzing only the cells excluding this fluorescent dye. The 

propidium iodide exclusion gates were set on the fluorescence 3 (FL-3) channel. 
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FITC and R-PE fluorescence analyzed on FL-1 and FL-2 channels respectively. 

4.3 RESULTS 

4.3.1 CD45 isoforms precipitated by IH-1, IH-2 and IH-4 

If the anti-guinea-pig CD45 mAb react with different isoforms it should be possible 

to show this directly by determining the molecular weights of the molecules 

immunoprecipitated by them. In species other than the guinea pig, T cells express 

most, if not all, of the CD45 isoforms. So ^^^Iodine-labelled membrane lysates were 

made from tissues containing heterogeneous populations of T cells. The range of 

molecular weights of the molecules immunoprecipitated by IH-1, IH-2 and IH-4 were 

different (Figure 4.1). All three reacted with the large isoforms (230 and 210 kDa) 

and IH-4 reacted only with these isoforms. In addition, IH-1 reacted with the 195, 

180, and 170 kDa isoforms and IH-2 with the 195 kDa isoform(s). 

This experiment also showed the differential expression of CD45 isoforms by 

different lymphocyte populations. Five CD45 isoforms were detected on lymph node 

cells, whereas, only the smaller isoforms (195, 180 and 170 kDa) were detected on 

thymocytes. 

4.3 .2 CD45 isoforms expressed by T lymphocytes 

The next series of experiments sought to demonstrate cell-type specific expression 

of CD45 isoforms on guinea-pig lymphocyte subpopulations taken from blood. 

Figure 4.2 shows the irnmunofluorescence profiles of various lymphocyte 

subpopulations stained with IH-1, IH-2 and IH-4. Table 4.1 shows the percentages 

of stained cells typically obtained from this sort of experiment. IH-1 stained brightly 

all (>95%) B cells, T cells, CD4+ and CD8+ cells. The level of fluorescence 

intensity on each type of lymphocyte was virtually identical. The fluorescence 

profiles for B cells stained by both IH-2 and IH-4 and CD8+ cells by IH-2 were 

similar—that is a single peak of bright fluorescence. All CDS"*" cells were stained by 

IH-4 but a subset (20-40%) formed a skewed trailing edge to the IH-4 profile. All 

CD4+ cells were stained by IH-2 but a small subset (10-30%) formed a skewed 

leading edge to the IH-2 fluorescence profile (IH-2'°^ cells). This pattern of 

fluorescence is virtually identical to that obtained with anti-CD45RB staining of 

human CD4+ T cells (Leon eta!., 1995). The profiles for T cells and CD4+ cells 



Figure 4.1 Immunoprecipitation of the IH-1, IH-2 and IH-4 antigens 

Lymph node cells (LN) and thymocytes (T) were surface 

labelled with ^^^lodine and then solubilised with Triton 

X-100. Beads coated with monoclonal antibody (IH-1, 

IH-2, and IH-4) were added to the pre-cleared 

radioiodinated lymph node cell and thymocyte membrane 

supernatants. After an appropriate incubation the beads 

were washed and the bound proteins were analyzed on 

5 - 1 5 % SDS-PAGE under reducing conditions followed 

by autoradiography. IVlolecular weight markers are 

indicated. 
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Figure 4.2 Monoclonal antibody staining of blood lymphocytes 

ROWS 1 & 4: Blood was incubated with mouse 

monoclonal antibody (IH-1, IH-2 and lH-4). All cells were 

analyzed for IH-1, IH-2 or IH-4 binding. 

ROWS 2 & 3: Blood was incubated with mouse 

monoclonal antibody (Msgp9 culture supernatant or CT6 

ascites diluted 100-fold) and biotinylated mouse monoclonal 

antibody (IH-1, lH-2 and lH-4). Only the cells stained with 

mouse antibody (MsgpS"'' cells = B lymphocytes and CT6^ 

cells = CD8^ lymphocytes) were analyzed for IH-1, IH-2 or 

IH-4 binding. 

ROWS 5 & 6: Blood was incubated with rat 

monoclonal antibody (HI 59 and HI 55 culture supernatants) 

and mouse monoclonal antibody (lH-1, lH-2 and IH-4). Only 

the cells stained with rat antibody (H159+ cells = 

T lymphocytes and H155^ cells = CD4+ lymphocytes) were 

analyzed for IH-1, IH-2 or IH-4 binding. 

The mouse antibodies were detected with FlTC-anti-mouse Ig, 

the biotinylated mouse antibodies with streptavidin-RED61 3 

or streptavidin-TRICOLOR and the rat antibodies with R-PE-

anti-rat Ig. Before analysis the red blood cells were lysed. 

The stained cells were analyzed on the FACScan and the 

results shown as relative cell number against log^Q 

fluorescence. The marker lines show the stained cells. 

Stained cells are those brighter than the brightest 1 % of cells 

stained with the negative-control antibody. The results 

shown are typical of those obtained from at least three 

separate experiments. 
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Table 4 . 1 

Monoclonal antibody staining of lymphocytes 

Percentage of Stained Cells 

All leukocytes > 9 5 54 39 

B lymphocytes (IVIsgpS^) > 9 5 > 9 5 > 9 5 

T lymphocytes (HI59"*") > 9 5 > 9 5 7 0 - 8 7 

CDS'*" lymphocytes (CT6 + ) > 9 5 > 9 5 > 9 5 

CD4^ lymphocytes (HI55"^) > 9 5 > 9 5 6 0 - 7 9 

Percentages are the mean of three or more separate experiments unless the results 

vary by ± 5% when I have indicated the complete range of values. 
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stained by IH-4 were broad and relatively flat—reflecting a wide range of levels of 

the IH-4 epitope —and only 70-87% (T cells) and 60-79% (CD4 + ) were stained 

above the level of the negative-control Ab. This pattern of staining was virtually 

identical to anti-CD45RA staining of human CD4+ T cells (Leon et a/., 1995), and 

Leon et at. (1995) claims that the CD45RA profile contains three subpopulations 

CD4+ T cells: no (or low) staining, dim (or intermediate) staining and bright (or high) 

staining. Figure 4.3 and Table 4.2 show the results of similar experiments looking at 

the binding of IH-1, IH-2 and IH-4 to CD4+ cells from three different strains of 

guinea pig. The staining patterns obtained with each mAb were virtually identical for 

the three strains; including the Dunkin Hartley animals which were not bred in this 

laboratory. 

Other experiments were performed to detect changes of CD45 isoform 

expression as T cells mature once outside of the thymus. This was approached in 

an indirect way by looking at changes in the level of IH-2 and IH-4 epitope 

expression on CD4+ cells in the blood taken from guinea pigs of various ages. The 

shape of the fluorescence profiles for IH-2 changed little with age, however, IH-2'°™ 

cells increased from 10 to 30% (Figure 4.4 and Table 4.3). However, the 

fluorescence profile for IH-4 showed considerable change with age. In young 

animals there was a single population of cells showing an intermediate level of 

staining with IH-4. With increasing age the distribution broadened and became 

complex, with peaks of low, intermediate and high intensity becoming apparent. 

Thus three subpopulations of guinea-pig CD4+ cells have been identified using IH-4. 

The significance of this observation has not yet been established in man but the 

guinea pig can now be used for experiments designed to try to understand it (Leon 

et a!., 1995). The proportion of CD4"^IH-4~ cells increased with age from 10% (24 

hours to 2 weeks) to 30% (over 2 years), as was seen with CD4"'"IH-2'°^ cells. 

These results raise the possibility that CD4^IH-2'°^ and CD4^IH-4'" cells are one 

and the same subpopulation of T cells. This possibility was tested directly with 

three colour immunofluorescence (Figure 4.5). These experiments showed that 

CD4+ cells were either IH-2'°^/IH-4- or IH-2^'9WlH-4 + . 

The three subpopulations of CD4+ cells defined by IH-4 (IH-2) are listed 

below (the expression of IH-2 is shown in parenthesis): 

) IH-4- (IH-2'°^) 

i) IH-4'"* (IH-2^') 

ii) IH-4hi (IH-2^') 



Figure 4.3 Monoclonal antibody staining of CD4^ lymphocytes 

Blood from strain 2, strain 13 and Dunkin Hartley guinea 

pigs was incubated with monoclonal antibody —HI 55 

(rat Ig in culture supernatant) and IH-1, IH-2 and IH-4 

(mouse IgG at 50/yg/ml final concentration). The mouse 

IgG was detected with FITC-anti-mouse Ig and the rat Ig 

with R-PE-anti-rat Ig and before analysis the red blood 

cells were lysed. Only the cells stained with rat Ig 

(H155+ cells s CD4+ lymphocytes) were analyzed for 

IH-1, IH-2 or IH-4 binding. The stained cells were 

analyzed on the FACScan and the results shown as 

relative cell number against log^Q fluorescence. The 

results shown are typical of those obtained from at least 

three separate experiments. 
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Table 4 . 2 

Monoclonal antibody staining of CD4^ lymphocytes 

Percentage of Stained Cells 

Strain 2 Strain 13 Dunkin-Hartley 

IH-1 99 98 99 

IH-2 98 99 97 

IH-4 88 82 73 

Percentages are the mean of three or more separate experiments unless the results 

vary by ± 5% when I have indicated the complete range of values. 



Figure 4 . 4 Monoclonal antibody staining of CD4+ lymphocytes 

Blood was incubated with monoclonal antibody —HI 55 

(rat Ig in culture supernatant) and IH-1, IH-2 and IH-4 

(mouse IgG at 50/vg/ml final concentration). The mouse 

IgG was detected with FITC-anti-mouse Ig and the rat Ig 

with R-PE-anti-rat Ig and before analysis the red blood 

cells were lysed. Only the cells stained with rat Ig 

(H155+ cells = CD4+ lymphocytes) were analyzed for 

IH-1, IH-2 or IH-4 binding. The stained cells were 

analyzed on the FACScan and the results shown as 

relative cell number against log^Q fluorescence. 

The marker lines show the ' low' and 'high' phenotypes 

for IH-2 and the unstained and stained cells for IH-4. 

Stained cells are cells stained brighter than the brightest 

1% of cells stained by the negative-control antibody. 

For IH-2 the marker was placed at the point of infexion 

where the imagined curves for the bright peak and the 

skewed leading edge cross: this was easy in some 

instances (rows 4 & 7) but could be incredibly difficult 

in others (rows 1 & 2). The results shown are typical of 

those obtained from at least three separate experiments. 
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Table 4 . 3 

Monoclonal antibody staining of CD4^ lymphocytes 

Percentage of CD4^ Cells Stained® 

24 hr 48 hr 1 wk 2 wk 1 mth 1 yr 2 yr 

IH-2G 10.2 10.3 9.5 9.7 18.4 22.2 26.6 

IH-4'= 10.7 11.4 9.5 10.7 18.4 21.6 27.2 

a In blood taken from animals of the ages indicated 

b IH-2^'9^ 

c IH-4 + 

Percentages are the mean of three or more separate experiments unless the results 

vary by ± 5% when I have indicated the complete range of values. 



Figure 4 . 5 Monoclonal antibody staining of CD4+ lymphocytes 

Blood was incubated with monoclonal antibody—HI 55 (rat 

Ig in culture supernatant), IH-4 (mouse IgG at 50 /vg/ml 

final concentration) and IH-2 (biotinylated mouse IgG at 

50 //g/ml final concentration). The rat Ig was detected with 

R-PE-anti-rat Ig, the mouse IgG with FITC-anti-mouse Ig and 

the biotinylated mouse IgG with streptavidin-RED613 or 

streptavidin-TRlCOLOR and before analysis the red blood 

cells were lysed. Only the cells stained with rat Ig 

(HI 55+ = CD4+ lymphocytes) were analyzed for IH-2 and 

IH-4 binding. The stained cells were analyzed on the 

FACScan and the results shown both as a fluorescence dot 

plot and as relative cell number against log^o fluorescence. 

The results shown are typical to those obtained from more 

than three separate experiments. 

The panels in the middle of the page are typical lH-2 and 

IH-4 fluorescence profiles used to divide the CD4+ cells into 

' low' and 'high' phenotypes for subsequent analysis shown 

in the panels directly beneath them. 

The panel at the bottom-left of the page shows the lH-4 

fluorescence profiles of lH-2'°" (complete line) and IH-2 '̂®^ 

(line of dots) cells. The panel at the bottom-right of the 

page shows the IH-2 fluorescence profiles of lH-4" 

(complete line) and IH-4+ (line of dots) cells. 
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The most obvious explanation for existence of IH-4'"^ cells is that they are moving 

between the other two subpopulations. If the IH-4 '̂9^ cells can change to IH-4~ via 

the intermediate phenotype —all have the same level of CD45 expression determined 

by IH-1 binding—they do so by loosing the largest CD45 isoforms and concomitantly 

gaining the intermediate (195 kDa) and small isoforms. This would explain the 

complete loss of IH-4 epitopes but only the partial loss of IH-2 epitopes. However, 

this must remain speculation until this phenomenon is studied directly. 

4.2.3 CD45 isoforms expressed by thymocytes 

The pattern of expression of surface molecules on thymocytes was determined by 

flow cytometric analysis of 100,000 viable cells stained by indirect 

immunofluorescence and the profiles obtained are shown in Figure 4.6. 90% of 

thymocytes expressed high levels of the epitopes detected by H201 (anti-CD45), 

HI 59 (anti-TCR) and IH-1. 80-85% of thymocytes expressed CDS and 70-75% 

CD4. The pattern of staining of IH-1 is like that of H201, however, the profiles for 

IH-2 and IH-4 were very different. IH-2 stained almost all thymocytes (85-90%) 

mostly at an intermediate level of fluorescence intensity, but 5% consistently had 

brighter staining, equivalent to that obtained with IH-1. IH-4 stained only 

2 -3% of cells and of these cells only 0.5-1 % were stained brightly (IH-4^'9^). 

Immunohistology was used to place the stained cells in various anatomical 

compartments within the thymus. IH-1 (Figure 4.7) stained almost all thymocytes 

within both the cortex and medulla. IH-2 (Figure 4.7) and IH-4 (Figure 4.8) stained 

only a small proportion of thymocytes: IH-2 considerably more than IH-4. Both IH-2 

and IH-4 stained cells were predominantly located within the medulla with only 

scattered stained cells were in the cortex. Cells stained with anti-TCR were again 

located predominantly within the medulla (Figure 4.8). This pattern of staining was 

reversed with anti-CD4 and anti-CD8 (Figure 4.9), these antibodies stained more 

cells in the cortex compared to the medulla. 

The next series of experiments were performed to determine the expression 

of different CD45 isoforms on subpopulations of lymphocytes that reside within the 

thymus. The level of fluorescence of the IH-4'̂ '9'̂  cells was increased by 

co-incubating the cells with anti-IgM (Figure 4.10); the level of fluorescence of the 

IH-4~ cells was not changed at all. Alone the anti-IgM mAb stained 0.5-1 % of 

thymocytes which corresponds to the percentage of cells stained brightly by IH-4. 



Figure 4 . 6 Monoclonal antibody staining of thymocytes 

Cul ture supernatants conta in ing monoc lona l 

an t ibody-H201 (anti-CD45), H I 5 9 (anti-TCR), H I 5 5 

(anti-CD4), IH-1, IH-2, and IH-4—were incubated with 

thymocytes prepared from strain 13 guinea-pigs. The 

mouse Ig were detected with FITC-anti-mouse Ig and the 

rat Ig were detected with R-PE-anti-rat Ig. The stained 

cells were analyzed on the FACScan and the results 

shown as relative cell number against log^Q 

fluorescence. 

The staining with the test antibodies are the black 

fluorescence profiles and staining withthe negative-

control antibody —identical subclass with irrelevant 

specificity —are the open profiles. The marker lines 

show the stained cells. Stained cells are those brighter 

than the brightest 0.1 % of cells stained with the 

negative-control antibody. The results shown are typical 

of those obtained from at least three separate 

experiments. 
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Figure 4 . 7 Immunoperoxidase staining of tiiymus 

Sections of guinea-pig thymus were incubated wi t l i 

culture supernatants monoclonal antibody—IH-I or 

IH-2. The mouse Ig was detected with peroxidase-

conjugated anti-mouse Ig followed by diaminobenzidine 

which produces an insoluble brown reaction product. 

Medulla (M) and cortex (C) are shown on the 

photomicrograph. Original magnification is X80. 
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Figure 4.8 Immunoperoxidase staining of thymus 

Sections of guinea-pig thymus were incubated with 

culture supernatants containing either mouse monoclonal 

antibody (IH-4) or rat monoclonal anti-TCR (HI59). The 

mouse Ig was detected with peroxidase-conjugated anti-

mouse Ig and the rat Ig with peroxidase-conjugated anti-

rat Ig. The peroxidase was detected by adding the 

substrate diaminobenzidine which produces an insoluble 

brown reaction product. 

Medulla (M) and Cortex (C) are shown on the 

photomicrograph. Original magnification is X80. 
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Figure 4 . 9 Immunoperoxidase staining of thymus 

Sections of guinea-pig thymus were incubated with 

culture supernatants monoclonal antibody—HI55 (anti-

CD4) or CT6 (anti-CD8). The rat Ig was detected with 

peroxidase-conjugated anti-rat Ig fol lowed by 

diaminobenzidine which produces an insoluble brown 

reaction product. 

Medulla (M) and cortex (C) are shown on the 

photomicrograph. Original magnification is X80. 



Figure 4 . 1 0 Monoclonal antibody staining of thymocytes 

Thymocytes were incubated with AG1-5 (anti-/v chain), 

IH-4, or both antibodies. The antibodies were detected 

with FITC-anti-mouse Ig. The stained cells were 

analyzed on the FACScan and the results shown as 

relative cell number against log^Q fluorescence. The 

results shown are typical of those obtained from at least 

two separate experiments. 

Two markers (vertical line of dashes) were used for 

subsequent analysis of the immunofluorescence. The 

marker closest to the Y axis indicates those cells stained 

more (right of line) or less (left of line) brighter than the 

brightest 0 .5% of cells stained with the negative-control 

antibody (top panel). The marker to the right of this one 

(middle left and bottom left panels) was used to identify 

those cells which formed a discrete peak of bright 

fluorescence. 

The bottom right panel shows the change in 

fluorescence of thymocytes stained brightly with IH-4 

alone (complete line) compared to those stained brightly 

with a cocktail of IH-4 and AG1-5 (lines of dots). 
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Confirmation of this result was sought by two colour immunofluorescence. Only 

thymocytes stained brightly by IH-4 were also stained by anti-IgM (Figure 4.11). 

Furthermore, thymocytes stained brightly by IH-4 had low levels of staining with 

anti-TCR (Figure 4.12) and the remainder of the IH-4 stained cells —1 to 1.5% of all 

thymocytes are IH-4'"*—contained some cells stained the brightest by anti-TCR. So 

the IH-4 stained cells were made up of two subsets of thymocytes: one subset 

expressed surface IgM (B cells) and the other subset expressed high levels of TCR. 

IH-1 stained brightly all TCR+ cells (Figure 4.13) and similarly IH-2 stained all 

TCR+ cells but mostly at an intermediate level of staining (Figure 4.13). However, 

the brightly stained IH-2 cells (5%) also had the brightest staining with anti-TCR and 

the IH-2^'3^ cells contained all thymocytes with the brightest anti-TCR staining. 

Figure 4.14 shows the two colour immunofluorescence pattern obtained 

using anti-CD4 and anti-CD8 and the staining of blood mononuclear cells was 

compared with thymocytes. In the blood only very few cells co-expressed CD4 and 

CDS and most cells expressed either CD4 or CDS. In the thymus most cells (60%) 

co-expressed CD4 and CDS (DP) and only 10% were CD4 + CDS' and 16% 

CD4"CD8 + . One group of SP thymocytes expressed CDS only but at an 

intermediate level. These CDS'"*CD4~ thymocytes appear to lie between the DN 

and DP stages of thymocyte development (Paterson and Williams, 1987; MacDonald 

et a/., 1988; Shortman eta/., 1988). Three colour immunofluorescence was used to 

determine which of these subpopulations, defined by CD4 and CDS expression, 

contain cells stained brightly by IH-2 and IH-4. IH-2 '̂̂ '̂  cells were found in all 

subpopulations except the DN thymocytes and the proportion of IH-2 '̂9^ cells 

(compared with IH-2'°^) was enriched only in the SP subpopulations (Figure 4.15). 

Most IH-4'̂ '̂ ^ cells were in the DP and immature CDS+ SP subpopulations of 

thymocytes; mature SP thymocytes were represented but they were in the minority. 

4 .4 DISCUSSION 

4.4.1 CD45 isoforms precipitated by IH-1, IH-2 and IH-4 

Human, mouse, rat, chicken and sheep B lymphocytes express the largest CD45 

isoform with a molecular weight of —230 kDa and thymocytes the smallest isoform 

with molecular weight of —ISO kDa (Standring eta/., 1978; Trowbridge, 1978; 

Michealson et al., 1979; Sunderland eta/., 1979; Andersson eta!., 1980; Dalchau 



Figure 4 .11 Monoclonal antibody staining of thymocytes 

Thymocytes were incubated with mouse monoclonal 

antibody AG1-5 (anti-/y chain) and biotinylated mouse 

monoclonal antibody IH-4. The mouse Ig was detected 

wi th FITC-anti-mouse Ig and the biotinylated mouse Ig 

wi th streptavidin-RED613 or streptavidin-TRICOLOR. 

Only the brightest 3% of cells stained wi th AG1-5 were 

analyzed on the FACScan and the results shown both as 

a fluorescence dot plot and as relative cell number against 

log-iQfluorescence. The results shown are typical of those 

obtained from two separate experiments. 

The lower panel shows the AG1-5 fluorescence profiles 

for cells stained brightest (3%) wi th negative-control mAb 

(line of dots) and IH-4 (complete line). 
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Figure 4 . 1 2 Monoclonal antibody staining of thymocytes 

Thymocytes were incubated with rat monoclonal 

antibody HI 59 (anti-TCR) and mouse monoclonal 

antibody IH-4. The rat Ig was detected with R-PE-anti-

rat Ig and the mouse Ig with FITC-anti-mouse Ig. The 

stained cells were analyzed on the FACScan and the 

results shown both as a fluorescence dot plot and as 

relative cell number against log^Q fluorescence. The 

results shown are typical of those obtained from at least 

three separate experiments. 

The middle panel shows the H I 5 9 fluorescence profile 

for IH-4 stained cells (cells stained brighter than the 

brightest 0 .5% of cells stained with the negative-control 

antibody). The bottom panel shows the HI 59 

fluorescence profile for all thymocytes for comparison. 
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Figure 4 . 1 3 Monoclonal antibody staining of thymocytes 

Thymocytes were incubated with rat monoclonal 

antibody HI 59 (anti-TCR) and mouse monoclonal 

antibody (IH-1 or IH-2). The rat Ig was detected with R-

PE-anti-rat Ig and the mouse Ig with FITC-anti-mouse Ig. 

The stained cells were analyzed on the FACScan and the 

results shown both as fluorescence dot plots and as 

relative cell number against log-,Q fluorescence. The 

results shown are typical of those obtained from at least 

three separate experiments. 

The left middle panel shows the IH-2 fluorescence 

profile used to divide the thymocytes into bright and 

intermediate cells for the subsequent analysis shown in 

the other two profiles. 

The right middle panel shows the H I 5 9 profiles all 

thymocytes (complete line) and of thymocytes stained 

brightly with IH-2 (dotted line). Here the gates were 

used at acquisition of the data in order to compare 

roughly equal numbers of cells. 

The lower panel shows the same type of analysis as 

above but the gating was performed at analysis and the 

results plotted on the same X axis scale. This 

demonstrates well the observation that all IH-2'̂ '9'̂  

thymocytes (5%) have the highest level of TCR 

expression (5%) and that all TCR'̂ '̂ '̂  thymocytes are 

ll_l_2high_ Thus, these antibodies define the same 

subpopulation of guinea-pig thymocytes. 



t 
H159 
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Figure 4 . 1 4 Monoclonal antibody staining of thymocytes and blood 

mononuclear cells 

Blood and thymocytes were incubated with rat 

monoclonal antibody HI 55 (anti-CD4) and mouse 

monoclonal antibody CT6 (anti-CD8). The rat Ig was 

detected with R-PE-anti-rat Ig and the mouse Ig with 

FITC-anti-mouse Ig. The stained cells were analyzed on 

the FACScan and the results shown as fluorescence dot 

plots. The results shown are typical of those obtained 

from more than two separate experiments. 

The upper panel shows the fluorescence dot plot for the 

mononuclear cells only obtained by gating around the 

mononuclear cell population defined by their unique 

position (see Figure 3,8) on the scatter profile —forward 

scatter (FSC) against 90° light scatter (SSC). The lower 

panel shows the fluorescence dot plot for all 

thymocytes. 
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Figure 4.15 Monoclonal antibody staining of thymocytes 

Thymocytes were incubated with rat monoclonal 

antibody H I55 (anti-CD4), mouse monoclonal antibody 

CT6 (anti-CD8) and biotiylated mouse monoclonal 

antibody —IH-2 or IH-4. The rat Ig was detected with 

R-PE-anti-rat Ig, the mouse Ig with FITC-anti-mouse Ig 

and the biotinylated mouse Ig with streptavidin-RED613 

or streptavidin-TRICOLOR. The stained cells were 

analyzed on the FACScan and the results shown as 

fluorescence dot plots. The results shown are typical of 

those obtained from at least three separate experiments. 

The panel at the top of the page shoes the fluorescence 

dot plot for all thymocytes for comparison with the 

lower panels. The middle panel shows the plot for 

brightest 5% of thymocytes stained by IH-2 

(previously shown to be |H-2'^'9^TCR'^'9^). The lower 

panel shows the plot for thymocytes stained by IH-4: 

excluding the distinct peak of cells stained brightly. 

Stained cells were defined as those cells brighter than 

the brightest 0 .5% of cells stained with the negative-

control antibody. 
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et a/., 1 980; Omary et a/., 1 980; Newman et a!., 1 984; Maddox et a!., 1 985; 

Woollett eta!., 1985b; Houssaint eta/., 1987; Paramithiotis eta!., 1991). The 

CD45 isoforms of the dog (Sarmiento and Valli, 1987) and cow (Howard et aL, 

1991) are also within these limits (180-230 kDa). 

T lymphocytes have a more complicated pattern of CD45 isoform expression 

than B lymphocytes. T lymphocytes express at least four isoforms which can be 

detected by SDS-PAGE and individual T cells appear to express more than one 

isoform (Standring et a/., 1978; Trowbridge, 1978; Michealson eta/., 1979; 

Andersson eta/., 1980; Omary et a/., 1980; Maddox eta/., 1985; Woollett eta/., 

1985b; Houssaint et a/., 1987). 

The experiments described here have shown that guinea-pig CD45 consists of 

a family of at least five isoforms (demonstrated by SDS-PAGE) with molecular 

weights of 170, 180, 195, 210, and 230 kDa. The largest isoform had a broad 

band on SDS-PAGE with molecular weights ranging from 220-240 kDa. In man and 

rat the molecular weights of CD45 isoforms are 180, 190, 205 and 220 kDa (Pulido 

eta/., 1988) and 180, 190, 200, 220 and 240 kDa (Woollett eta/., 1985b) 

respectively. The largest rat CD45 isoform is only found on B cells and it has a 

broad band on SDS-PAGE compared with the smaller isoforms (Woollett et a/., 

1985b). In the mouse, three CD45 isoforms have been identified by SDS-PAGE with 

molecular weights of 180, 190 and 210-220 kDa (Birkeland eta/., 1988; Hathcock 

et a/., 1 992a). In this series of experiments guinea-pig CD45 most resembles rat 

CD45. 

The results presented here have shown that the largest CD45 isoform is 

expressed by leukaemic B lymphocytes (section 3.3.1) but no comments can be 

made about whether this isoform is also expressed on T cells. The pattern of CD45 

expression on B cells is more complicated than it was once thought to be. Human 

B cells express the 220 kDa isoform(s) predominantly but also the 205 kDa 

isoform(s) (Dalchau and Fabre, 1981; Ledbetter and Clark, 1986) and isoform 

expression can change with activation or differentiation (Jenson et a/., 1989). 

Clearly B cells will contribute to the isoforms detected by SDS-PAGE of guinea-pig 

lymph node cells. However, the results suggest that T cells express more than one 

of the larger CD45 isoforms. 

The vast majority of human thymocytes express the smallest CD45 isoform 
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(1 80 kDa) and a small subset express the larger (1 90 and 205 kDa) isoforms 

(Dalchau and Fabre, 1981; Havran eta!., 1987; Serra eta/., 1988; Pilarski eta/., 

1 989). Rat thymocytes express the 180 and 190 kDa isoforms (Woollett et a/., 

1 985b). The results presented here indicate that guinea-pig thymocytes express at 

least three of the smaller CD45 isoforms (175, 180 and 195 kDa). The 180 kDa 

isoform appears to be isoform expressed at the highest level by guinea-pig 

thymocytes. In man and rat, the smallest CD45 isoform is expressed predominantly 

by thymocytes. However, it is possible that the 175 band on SDS-PAGE was a 

produced by damage occurring during the immunoprecipitation procedure or the two 

bands (the 175 kDa band and any one of the other bands) may represent molecules 

with carbohydrate differences. The exact nature of these isoforms was not studies 

in this series of experiments. 

The only previous description of guinea-pig CD45 (Schafer eta/., 1990) 

isolated 230, 220, 205, 190, 180 and 175 kDa isoforms by Western blotting: 220, 

205 and 1 90 kDa isoforms from lymph node cells, the 230 kDa isoform from L2C 

leukaemic B lymphocytes and the 175 kDa isoform from thymocytes. The results 

shown here have confirmed these findings. 

The three anti-guinea-pig CD45 mAb used here reacted with different 

isoforms. In comparison with other species it would appear that IH-1 reacted with a 

epitope present on all CD45 isoforms. It is clear, however, that IH-2 and IH-4 

reacted with only the larger CD45 isoforms; IH-2 with the 220, 210 and 195 kDa 

isoforms and IH-4 with the 220 and 210 kDa isoforms. In man, anti-CD45RC mAb 

react with the 220 and 205 kDa, anti-CD45RB with 220, 205 and 190 kDa and anti-

CD45RA with 220 (and 210) kDa isoforms (Pulido eta/., 1988; Zapata et a/., 1995). 

If we make a comparison between man and guinea-pig CD45; IH-2 is like the anti-

CD45RB mAb and IH-4 is like the anti-CD45RA mAb. Molecular biology techniques 

will be needed to assign the correct notation for IH-2 and IH-4 but until that is done 

IH-2 is most likely to react with epitopes using exons B and IH-4 with exon A 

epitopes. It will be of interest to compare immunofluorescence studies of guinea-pig 

lymphocytes with corresponding studies with anti-CD45R mAb using lymphocytes 

from man, mouse and rat. This will be covered in the next section of this 

discussion. 
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4.4 .2 CD45 isoforms expressed by T lymphocytes 

CD45 isoform expression on T cells is complex. A single T cell expresses multiple 

isoforms and the pattern changes with activation and differentiation (Powrie and 

Mason, 1988; Mason, 1992). The isoforms expressed by CD4+ and CD8+ T cells 

are similar when examined by SDS-PAGE (Woollett et aL, 1985b; Lefrancois and 

Goodman, 1987). It is not possible to distinguish between some isoforms by SDS-

PAGE, for example, the isoform that uses exons A and B will have the same 

molecular weight as the isoform using B and C (Thomas, 1989). However, using 

anti-CD45R mAb differences have been found. The anti-mouse-CD45R mAb 14.8 

reacts with all CD8^ T cells but not with CD4+ T cells (Scheid et a!., 1982; 

Lefrancois and Goodman, 1987). In rats, anti-CD45RC mAb react with all CD8+ T 

cells but with only two thirds of CD4+ T cells (Spickett et a/., 1 983). Anti-CD45RA 

mAb in man have differential reactivities with both CD8+ and CD4+ T cells 

(Morimoto et a/., 1985). CD4+ T cells in man, rat, mouse, cow and sheep can be 

subdivided on the basis of differential expression of CD45 isoforms (Morimoto et a/., 

1985; Woollett eta!., 1985b; Smith et aL, 1986; Rudd eta!., 1987; Birkeland eta!., 

1988; Marval and Meyer, 1988; Lee et a!., 1990; Mackay et a!., 1990; Mason and 

Powrie, 1990; Howard eta!., 1991; Zapata ef a/., 1995). 

The results presented here did not show any differential expression of the 

IH-2 and IH-4 epitopes on guinea-pig B cells taken from blood. This pattern of 

staining was found with anti-CD45(RA, RB and RC) mAb using mouse B cells 

(Hathcock et a!., 1992a). However, in man a small percentage (8%) of normal blood 

B cells express only the CD45R0 epitope (Jensen et a!., 1989). Such B cells were 

not detected in the studies here using guinea-pig blood B cells. There are a number 

of possible explanations for this, including the possibility of a much lower proportion 

of such cells (CD45R0 + ABC") present in guinea-pig blood. This problem was not 

addressed further. 

The staining of CD8+ T cells was more complex. All CD8+ T cells expressed 

the same total level of CD45 and the isoforms detected by IH-2. However, only 

20-40% had such a high level of expression of the IH-4 epitope. This is the first 

evidence for T cell populations in the guinea pig having differential expression of 

CD45 isoforms. The majority of guinea-pig CD8+ T cells expressed relatively more 

of the intermediate isoform (195 kDa detected by IH-2) and less of the larger 

isoforms (220 and 210 kDa detected by both IH-2 and IH-4) when compared with 



79 

the expression of these isoforms by the other CD8+ T cells. Subpopulations of 

CD8+ T cells defined by differential expression of CD45 isoforms (using anti-

CD45RA mAb) have been identified in man and these subsets have different 

activation requirements (Yamashita and Clement, 1989; Sohen et a!., 1990; de Jong 

et aL, 1991; Fujii eta/., 1992b). 

CD4+ T cells were subdivided into two subpopulations by both IH-2 and 

IH-4. A small subset (10-30%) expressed less IH-2 epitope and in a similar 

percentage of cells the IH-4 epitope was not detected. Furthermore, this minor 

subpopulation of CD4+ T cells was shown to increase from 10 to 30% as newborn 

animals mature into adults. In man, CD4+ T cells can be subdivided in a similar way 

by anti-CD45(RA, RB & RC) mAb (Mason and Powrie, 1990; Leon et a!., 1995; 

Zapata et a!., 1995) and the fluorescence profiles obtained for anti-CD45RA and 

anti-CD45RB most closely resemble those of IH-4 and IH-2 respectively. However, 

anti-CD45RC mAb subdivide rat CD4^ T cells (Powrie and Mason, 1990) with an 

immunofluorescence profile very like anti-CD45RB mAb in man and IH-2 in the 

guinea pig. 

In the mouse, only anti-CD45RB mAb subdivide CD4+ T cells in a similar 

manner to man, rat and guinea pig (Hathcock et a!., 1992a). However, anti-CD45RC 

mAb subdivide mouse CD4+ T cells so that the majority have low levels of this 

epitope (Hathcock et a/., 1992a). Anti-CD45RA mAb can not subdivide mouse 

CD4+ T cells (Hathcock et a/., 1992a). 

The percentage of CD45R"CD4+ T cells has been shown to increase in a 

reproducible manner with age in man, cows and sheep (Mackay et a/., 1990; 

Howard et a/., 1991; Hannet et al., 1992). The results presented here have shown 

that this phenomenon also occurs in the guinea pig. Furthermore, the subdivision of 

CD4+ T cells by IH-2 and IH-4 was identical. Human CD4+ T cells can be 

subdivided into three subpopulations by using two different anti-CD45R mAb (Mason 

and Powrie, 1990; Leon et al., 1995) and I have shown that this can be done using 

IH-4 in the guinea pig. 

All guinea-pig CD4+ T cells expressed the same total level of CD45 (IH-1 

staining) which suggests that the IH-4~IH-2'°^ subpopulation express more of the 

smaller CD45 isoforms (175 and 180 kDa) when compared to the other CD4+ T cell 

subpopulations. Thus as in man (Morimoto et a/., 1985), CD4+ T cells can be 
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divided into two subpopuiations by their expression of either small or large CD45 

isoforms. 

4.3 .3 CD45 isoforms expressed by thymocytes 

In man, 15-20% of thymocytes express the CD45RA and 20-35% the CD45RC 

epitope but only 0.5-4% of mouse thymocytes express these epitopes (Pilarski and 

Deans, 1 989; Ezine et aL, 1991; Fujii et a!., 1 992a; Hathcock et a/., 1 992a; Zapata 

et a/., 1 995). The CD45RB epitope is found on all mouse thymocytes and at very 

high levels on 3% of thymocytes (Hathcock et a/., 1992a). 2 -3% of rat thymocytes 

express the CD45RC epitope (Law et al., 1989). If compared with the above 

results, it would appear that IH-2 resembles anti-CD45RB (mouse) and IH-4 

resembles anti-CD45RA or -CD45RC (mouse/rat). These results in the guinea pig 

suggest that almost all thymocytes express intermediate levels of the 1 95 kDa CD45 

isoform(s) detected by IH-2 and 5% express high levels of this isoform(s). However, 

the vast majority of thymocytes do not express the large isoforms (230 and 210 

kDa) detected by IH-4. 

Immunohistological studies have shown that the majority of human 

thymocytes express the anti-CD45RB epitope (Lai et al., 1991). In man, mouse and 

rat the minor subpopulation of thymocytes defined by expression of the larger CD45 

isoforms are located almost exclusively within the medullary area of the thymus 

(Birkeland et a/., 1 988; Pulido et a/., 1 988; Janossy et a/., 1 989; Law et a/., 1 989; 

Gillitzer and Pilarski, 1990; Harvey and Jones, 1990; Lai et a!., 1991). The results 

presented here have confirmed these results for the guinea pig. IH-2 stained 

virtually all thymocytes by indirect immunofluorescence but presumably only the 

brightest of these cells were stained by the immunoperoxidase technique. This 

technique, because of its lower sensitivity, has located only the IH-2^'^^ cells and 

these cells are found in the medulla. It is the medulla which contains the most 

mature thymocytes expressing high levels of CD3/TCR and mature CD4 or CDS SP 

cells. 

The thymus is known to contain a very small population of mature B 

lymphocytes (Jensenius and Williams, 1974; Law et a!., 1989). Anti-rat CD45RC 

has been shown to react with B cells in the thymus (Law et a/., 1 989): 

approximately 0.4-1.5% of thymocytes. In the guinea pig all B cells were stained 

brightly by IH-4. T cells (TCR+ cells) could not be detected in the IH-4^'9^ 



81 

subpopulation of thymocytes. 0.5% of guinea-pig thymocytes were mature B cells. 

The thymocytes stained weakly by IH-4 (1-2.5% of thymocytes) had high level of 

staining with anti-TCR but only a small proportion of the anti-TCR '̂̂ *^ cells were 

stained by IH-4. 

The results presented here have shown the expression of the IH-2 and IH-4 

epitopes on thymocyte subpopulations defined by CD4/CD8 and TCR expression. 

There was a proportion of thymocytes which did not stain with any of the reagents 

used. These cells appear to correspond with DN cells but it would be necessary 

confirm their relationship with the T cell lineage with other mAb, however, these 

mAb are not available yet in the guinea pig. In other species CD45 expression has 

been demonstrated on DN cells (Egerton et a!., 1990; Lightsone and Marval, 1990; 

Wallace et a!., 1 992). 

It appears that expression of TCR and IH-2 was linked in that for all 

thymocytes the levels of TCR and IH-2 expression switched from low to high 

together. 5% of thymocytes express high levels of TCR and it was these cells 

which expressed high levels of the IH-2 epitope. Furthermore, a proportion of these 

cells were also stained by IH-4. In the mouse, a proportion of CD3^'^^ thymocytes 

are also CD45RA* '̂̂ ^ and this subpopulation of thymocytes is represented in all 

stages of thymocyte development (Ezine et a!., 1991). 

In the chicken, early thymocytes express low levels of total CD45 and its 

expression increases dramatically between the immature CDS SP cell stage and DP 

cell stage (Paramithiotis et a!., 1991). In the guinea pig there appears to be a switch 

to high level of CD45 expression between the DN and the immature CDS SP cell 

stage. 
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CHAPTER 5 

CD45 EXPRESSION BY GUINEA-PIG LEUKAEMIC B LYMPHOCYTES 

5.1 INTRODUCTION 

Some important factors relating to the suitability of target Ag for passive 

immunotherapy were listed in the introduction (section 1.1). In this chapter I will 

present the results of experiments designed to gain information about the potential 

for using CD45 as such a target Ag. However, some information of this type has 

already been presented in chapters 3 and 4. The Ag is present at a high level on all 

L2C leukaemic B lymphocytes. The distribution of the Ag on normal leukocytes has 

been studied in considerable detail. The final series of experiments show how well 

the anti-CD45 mAb actually perform in passive immunotherapy. 

5.2 MATERIALS AND METHODS 

The mAb IH-1, IH-2, IH-4, RJD-2A10 (anti-L2C idiotype) and 5G10 (anti-guinea-pig B 

cell) bound to protein A: sepharose 4B beads were incubated with LgC cell lysate. 

These beads were then assayed for tyrosine phosphatase activity at 15, 30, 45, and 

60 minutes. In order to characterize the enzymic activity further immunoaffinity 

purified L2C CD45 was used in the next series of experiments. The enzyme was 

partially purified by passing LgC cell lysate through a column containing immobilised 

IH-1, IH-2 and IH-4. Using a mixture of the three mAb maximizes the avidity of 

binding of CD45 to the column. SDS-PAGE gels of the partially purified CD45 were 

stained with a very sensitive silver stain (Pierce & Warriner Ltd, Chester, UK) 

following the manufacturers instructions. This modification was necessary because 

of the small amounts of protein in the gel. The characterization of guinea-pig CD45 

tyrosine phosphatase activity included substrate specificity and inhibition of enzyme 

activity by inhibitors known to act on CD45 in other species. All data points for 

tyrosine phosphatase activity are the mean of three samples. 

5.2.1 LgC guinea-pig leukaemia 

The LgC guinea-pig leukaemia (Nadel, 1977) has proved to be an eminently suitable 

model for investigating passive immunotherapy using mAb (Stevenson eta!., 1977). 

The L2C leukaemia arose spontaneously in a female strain 2 guinea pig in 1953 

(Congdon and Lorenz, 1954) and was first described as a B cell leukaemia by 

Shevach et a! (1972). It has been continually passaged ever since and has given rise 
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to several stable lines. The LgC line used in this laboratory resembles the original 

tumour as closely as can be determined from the literature. LgC cells are 15 //m in 

diameter with a large nuclear to cytoplasmic ratio and little endoplasmic reticulum 

(Figure 5.1). Their doubling time is 21 hours and to date the cells have resisted 

becoming adapted to long term culture. The Ig metabolism is characteristic of that 

found in chronic lymphocytic leukaemia cells in terms of surface density of Ig, 

surface Ig turnover and IgM/L chain secretion. Each L2C cell has 1-1.5 x 10^ 

molecules of membrane bound idiotypic IgM (Elliot et aL, 1987; Stevenson eta/., 

1984b). In the terminal stages of the disease the level of idiotypic IgM in the plasma 

(secreted by > 100,000 L2C cells/mm^ in the blood) is approximately 60/yg/ml, 

which is sufficient to provide a serious extracellular barrier to therapeutic anti-

idiotypic mAb. 

5.3. RESULTS 

5.3.1 Enzymatic activity of guinea-pig CD45 

Only the beads coated with IH-1, IH-2 or IH-4 were able to split tyrosine phosphate 

to release free phosphate (Figure 5.2 and Table 5.1) and the level of free phosphate 

rose with time. Both RJD-2A10 (anti-Id) and 5G10 coated beads released very little 

phosphate and the level of free phosphate did not rise over a 60 minute period. 

The flow cytometric analysis shown in Figure 5.3 demonstrates that all 

detectable CD45 was located on the cell surface and very little CD45 was found in 

the nucleus or cytoplasm. 

The complex mixture of proteins in the L2C membrane lysate is shown in 

Figure 5.4. In contrast, the composition of the purified guinea-pig CD45 is a very 

much simpler mixture and the purity compares favourable with that of purified IgG. 

However, the final concentration of CD45 was very low; certainly less than 

1 //g/ml. 

The purified CD45 had tyrosine phosphatase activity which was directly 

proportional to the volume of partially purified CD45 added to the reaction mixture 

(Figure 5.5). The curve obtained for the increase of product (free phosphate) against 

time is typical of enzyme catalysed reactions. The initial rate of the reaction is fast 

and with time the rate slows to reach a plateau phase with a very slow rate of 



Figure 5 .1 Histology of the LgC leukaemia 

Tissues were fixed in Karnovsky's fluid and 1 /ym 

sections of tissue embedded in glycol methacrylate (top 

photomicrograph) or 8 //m sections of frozen tissue 

(bottom photomicrograph) were used for histology. The 

tissue sections were stained with haematoxylin and 

eosin. The tissues were taken from animals in the 

terminal stages of the disease and the photomicrographs 

show extensive replacement of the normal tissue 

architecture by LgC cells. 

The cytology of L2C cells (LC) can be seen very clearly 

in comparison to normal lymphocytes (L) in the top 

photomicrograph —original magnification is X320. The 

extensive destruction of the liver architecture can be 

seen very clearly in the bottom photomicrograph 

— original magnification is X200. 
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Figure 5 . 2 Tyrosine pliosphatase activity of monoclonal antibody 

coated beads 

Monoclonal antibody —IH-1, IH-2, IH-4 and RJD-2A10 

(anti-L2C Id) — coated beads were Incubated with L2C cell 

lysate. After careful washing the beads were assayed 

for tyrosine phosphatase activity at 15, 30, 45 and 60 

minutes. The activity is expressed as nmoles of (PO^)^' 

released from tyrosine phosphate into the solution. 
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Table 5 .1 

Tyrosine phosphatase activity of beads 

IVlonoclonal antibody 

(on beads) 

Tyrosine pliosphatase activity 

(nmoles (PO^)^^ released) 

15 min 60 min 

IH-1 25 38 

IH-2 12 20 

IH-4 10 26 

RJD-2A10 < 2 < 2 

5G10 < 2 < 2 
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Figure 5 .4 SDS-PAGE analysis of partially purified CD45 

SDS-PAGE analysis of pooled fractions from the partial 

purif ication of guinea-pig CD45. 

Track A: Markers 

Track B: LgC cell lysate 

Track C: Waste material f rom DEAE column 

Track D: Retained material eluted off the DEAE 

column (this was immediately loaded onto 

the anti-CD45 immunoaff ini ty column) 

Track E: Retained material eluted off the CD45 

immunoaff ini ty column 

Track F: Markers 

Track G: Partially purified mouse IgG (1 /yg/ml) for 

comparison 

The position of the L2C cell isoform of CD45 (L) is 

indicated. 
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Figure 5.5 Tyrosine phospliatase activity of partially purified CD45 

Top panel: partially purified CD45 (1 to 50 /y|) 

was incubated at 37°C wi th a standard volume of 

tyrosine phosphate substrate buffer. After 15 minutes 

samples were assayed for tyrosine phosphatase act iv i ty. 

The activi ty is expressed as nmoles of (PO^)^" released 

f rom tyrosine phosphate into the solution. 

Bottom panel: 50/yI of partially purified CD45 was 

incubated at 37°C w i th a standard volume of tyrosine 

phosphate substrate buffer. A t t ime points (up to 120 

minutes) samples were assayed for tyrosine 

phosphatase activi ty. The activity is expressed as 

nmoles of released from tyrosine phosphate into 

the solution. 
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reaction. Also typical of enzyme catalysed reactions was its substrate specificity. 

Only tyrosine phosphate, not serine or threonine phosphates, was split to release 

free phosphate (Figure 5.6). The tyrosine phosphatase activity was inhibited in a 

dose dependent manner by sodium vanadate and sodium molybdate (Figures 5.7 and 

5.8) both are known to inhibit CD45 tyrosine phosphatase in other animal species. 

5.3.2 Antibody affinities 

A very important attribute of mAb used for passive immunotherapy is strong affinity 

of binding to the cell surface target Ag. The affinity of RJD-2A10 is known and was 

included in all experiments. Figure 5.9 shows the biochemical composition of F(ab')2 

and Fab' preparations used in these experiments. The preparations were highly 

purified and any contaminants were at very low levels indeed. IH-4 IgG was not 

cleaved at the appropriate point by pepsin and insufficient amounts of purified IH-4 

F(ab')2 was produced for these experiments. 

The of RJD-2A10 obtained was very similar to the published values 

(F(ab')2 = 2.1 X 10^ M~ ^ and Fab' = 1.0 x 10® M~ )̂ also determined in this 

laboratory (Elliott eta/., 1987). 

1 Ka of F(ab')2 KA of Fab' 

RJD-2A10 1.8 X 10^ M-'" (Fig 5.10) 1.2 X 10® M"' ' (Fig 5.11) 

IH-1 6.9 X 10® (Fig 5.12) 1.7 X 10^ (Fig 5.13) 

IH-2 3.7 X 10® (Fig 5.14) 2.5 X 10^ M" ' ' (Fig 5.15) 

Although the for the anti-CD45 F(ab')2 and Fab' derivatives were lower than for 

RJD-2A10 they all fall within a narrow range: all were within a factor of ten lower 

than RJD-2A10. 

The number of IH-1 and IH-2 F(ab')2 molecules bound to each cell was 

1.7 x 10^ and 3.0 x 10^ respectively. The number of Fab' molecules bound was 

5.5 X 10^ (IH-1) and 8.4 x 10® (IH-2). These results indicate that anti-CD45 F(ab')2 

bind bivalently at equilibrium whereas the Fab' derivatives bind univalently. This 

result was also obtained with anti-Id (Elliott et a/., 1987). These results are in 

agreement with those obtained for CD45 expression on rat T cells (Williams and 



Figure 5.6 Substrate specificity of partially purified CD45 

50 /yl of partially purified CD45 was incubated at 37°C 

wi th a standard volume of substrate buffer containing 

eithier tyrosine phosptiate, threonine phosphate or serine 

phosphate. At 15 minutes intervals samples were 

assayed for phosphatase activi ty. The activity is 

expressed as nmoles of released//yl of CD45 

added to the assay buffer. 
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Figure 5.7 Inhibition of partially purified CD45 

50 /j\ of partially purified CD45 was incubated at 37 C 

w i th a standard volume of tyrosine phosphate substrate 

buffer containing either sodium vanadate or sodium 

molybdate at various concentrations. At 30 minutes 

samples were assayed for tyrosine phosphatase act iv i ty. 

released w i th inhibitor 
% inhibition = x 100 

(PO/)^" released wi thout inhibitor 
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Figure 5.8 Inhibition of partially purified CD45 

50 /j\ of partially purified CD45 was incubated at 37 C 

wi th a standard volume of tyrosine phosphate substrate 

buffer containing either 100 JJM sodium vanadate or 

1//M sodium molybdate. At 15 minutes intervals 

samples were assayed for tyrosine phosphatase act ivi ty. 

The activity is expressed as nmoles of (PO^)^" 

released///! of CD45 added to the assay buffer. 
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Figure 5 .9 SDS-PAGE analysis of monoclonal antibody fragments 

SDS-PAGE analysis of pooled and concentrated fract ions 

f rom the partial purif ication, digestion and reduction of 

monoclonal IgG under both non-reduced (top gel) and 

reduced (bottom gel) conditions. 

Track A: RJD-2A10 IgG 

Track B: RJD-2A10 F(ab' 

Track C: RJD-2A10 Fab' 

Track D: IH-1 IgG 

Track E: IH-1 F(ab')2 

Track F: IH-1 Fab' 

Track G: IH-2 IgG 

Track H: IH-2 F(ab')2 

Track 1: IH-2 Fab' 

Track J: IH-4 IgG 
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Figure 5 .10 RJD-2A10 F(ab')2 binding to L2C cells 

Saturation binding curve (inset) and Scatchard plot for 

RJD-2A10 F(ab')2 binding to L2C cells at 37°C 

Figure 5 .11 RJD-2A10 Fab' binding to LgC cells 

Saturation binding curve (inset) and Scatchard plot for 

RJD-2A10 Fab' binding to L2C cells at 37°C 

Figure 5 .12 IH-1 F(ab')2 binding to LgC cells 

Saturation binding curve (inset) and Scatchard plot for 

IH-1 F(ab')2 binding to L2C cells at 37°C 

Figure 5 .13 IH-1 Fab' binding to LgC cells 

Saturation binding curve (inset) and Scatchard plot for 

IH-1 Fab' binding to L2C cells at 37°C 

Figure 5 .14 IH-2 F(ab')2 binding to LgC cells 

Saturation binding curve (inset) and Scatchard plot for 

IH-2 F(ab')2 binding to L2C cells at 37°C 

Figure 5 .15 IH-2 Fab' binding to LgC cells 

Saturation binding curve (inset) and Scatchard plot for 

IH-2 Fab' binding to L2C cells at 37°C 

In f igures 5 .10 to 5.15 the data points represent the mean of t w o samples. 
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Figure 5.11 RJD-2A10 Fab' binding to LoC cells 
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Figure 5 .12 IH-1 F(ab')2 binding to LoC cells 
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Figure 5.13 IH-1 Fab' binding to L2C cells 
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Figure 5 .14 IH-2 F(ab')2 binding to LgC cells 
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Figure 5.15 IH-2 Fab' binding to LgC cells 
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Barclay, 1 985). 

5.3.3 Antigenic modulation 

A series of experiments were set up to compare the extent of modulation induced by 

RJD-2A10 (anti-LgC id) and the anti-CD45 mAb. The saturating level of mAb 

ensured that even after modulation all remaining surface Ag was occupied with 

mAb. RJD-2A10 induced antigenic modulation of sIgM at 37°C as shown by the 

reduction of surface fluorescence (Figure 5.16). Up to 60% of the surface IgM was 

internalized after 2 hours of incubation; the most rapid modulation being observed in 

the first 30 minutes (Figure 5.17). Modulation was quicker when mAb was 

crosslinked —by using biotinylated mAb and avidin —as seen in Figure 5.17. 

However, the final amount of sIgM internalized was not dependent on crosslinking. 

All three anti-CD45 mAb were unable to modulate surface CD45 at 4 hours with or 

without additional crosslinking (Figures 5.17 and 5.18). 

5.3.4 Immunotherapy 

Experiments were set up to determine whether enough extracellular Ag was present 

in the blood of leukaemic animals to block the binding of mAb to cells in vitro. 

Figure 5.19 shows that the binding of anti-Id and anti-IgM mAb were blocked by 

co-incubation with serum taken from terminal LgC animals. Normal guinea-pig serum 

only blocked the binding of anti-IgM mAb because normal serum contains enough 

IgM to block AG1-5 binding but not enough idiotypic IgM to block RJD-2A10 

binding. This blocking effect of L2C serum was not seen with any of the three anti-

CD45 mAb. 

Unfortunately the immunotherapy experiments using anti-CD45 mAb did not 

show any significant degree of protection, in the same experiment RJD-2A10 (anti-

Id) had a significant protective effect when compared with PBS alone or with the 

anti-CD45 mAb. 

5.4 DISCUSSION 

5.4.1 Enzymatic activity of guinea-pig CD45 

The biochemical analysis of molecules precipitated by IH-1, IH-2 and IH-4 showed 



Figure 5 .16 Antigenic modulation 

Fluorescence profiles of surface IgM and CD45 on LgC 

cells. Following various incubation times wi th RJD-

2A10 and IH-1 IgG the cells were washed in 

PBS —BSA —Azide, cooled to 4°C, and the surface 

bound IgG was detected wi th FITC-anti-mouse Ig. The 

stained cells were analyzed on the FACScan and the 

results shown as relative cell number against linear 

f luorescence. 
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Figure 5 .17 Antigenic modulation 

Antigenic modulation of surface IgM (circles) and CD45 

(squares) f rom LgC cells incubated at 37°C for various 

times. The incubation was wi th monoclonal antibody 

alone (black symbols) or w i th biotinylated monoclonal 

antibody and avidin (open symbols) which provides an 

additional level of crosslinking of surface molecules. 

The top graph compares IH-1 wi th RJD-2A10 and the 

bot tom graph compares IH-2 wi th RJD-2A10. MFI 

measurements were calculated fo l lowing indirect 

immunofluorescence staining of the remaining bound 

IgG. The bound IgG was detected wi th FITC-anti-mouse 

Ig. The stained cells were analyzed on the FACScan and 

the results shown as relative cell number against linear 

f luorescence. Each data point is mean derived from 

three separate experiments. 
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Figure 5 .18 Antigenic modulation 

Antigenic modulation of surface IgM (circles) and CD45 

(squares) from LgC cells incubated at 37°C for various 

times. The incubation was wi th monoclonal antibody 

alone (black symbols) or w i th biotinylated monoclonal 

antibody and avidin (open symbols) which provides an 

additional level of crosslinking of surface molecules. 

The graph compares IH-4 wi th RJD-2A10. MFI 

measurements were calculated fol lowing indirect 

immunofluorescence staining of the remaining bound 

IgG. The bound IgG was detected wi th FITC-anti-mouse 

Ig. The stained cells were analyzed on the FACScan and 

the results shown as relative cell number against linear 

f luorescence. Each data point is mean derived from 

three separate experiments. 

MFI at t ime T 
% Initial f luorescence = x 100 

MFI at t ime 0 
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Figure 5 .19 Blocking of monoclonal antibody binding to LgC cells 

Monoclonal antibody —RJD-2A10, AG1-5, IH-1, IH-2, 

IH-4, 5E6-G6 and 5G10 —was incubated wi th LgC cells 

for 15 minutes at 4°C wi th normal guinea-pig serum, 

terminal L2C serum or wi thout serum (PBS). MFl 

measurements were calculated fo l lowing indirect 

immunofluorescence staining of bound IgG. The bound 

IgG was detected wi th FITC-anti-mouse Ig. The stained 

cells were analyzed on the FACScan and the results 

shown as relative cell number against linear 

f luorescence. Each data point is the mean derived from 

three separate experiments. The results are shown as 

the percentage reduction of the MFl compared to that of 

the MFl w i thout blocking serum. 

% of MFl MFl w i th serum 
wi thout blocking = x 100 
serum MFl w i thout serum 
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Figure 5 .20 Passive immunotherapy of LgC leukaemia 

The graph shows the effect of a single injection of 

monoclonal IgG on survival of guinea pigs inoculated 

wi th LgC leukaemic B lymphocytes. Each animal 

received 1 x 1 0 ® L2C cells on day 0 fol lowed by IgG 

48 hours later. Each group of experimental animals 

consisted of 10 guinea pigs. 
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that they react with a surface molecules with intrinsic tyrosine phosphatase (FTP) 

activity. CD45 is known to have FTP activity (Tonks eta/., 1990; Tonks eta!., 

1991; Trowbridge, 1991; Trowbridge et a/., 1991). CD45 is a member of a large 

family of FTP (Hunter, 1989; Tonks, 1990; Fischer et at., 1991; Brautigan, 1992; 

Charbonneau and Tonks, 1992; Pot and Dixon, 1992; Saito et a/., 1992). There are 

two major classes of FTP: transmembrane or high molecular weight class—of which 

CD45 is the prototype —and intracellular or low molecular weight class—exemplified 

by placental FTP IB (Charbonneau and Tonks, 1992; Pot and Dixon, 1992). I have 

shown that IH-1, IH-2 and IH-4 react with a membrane—presumably 

transmembrane —molecule with FTP activity. The high molecular weight of this 

molecule and the existence of different isoforms provides almost conclusive 

evidence that these mAb react with the guinea pig homologue of CD45. 

There is no specific inhibitor of CD45 FTP activity; vanadate and molybdate 

inhibit both high and low molecular weight FTP (Tonks et al., 1991). The tyrosine 

phosphatase activity of guinea-pig CD45 was inhibited by both vanadate and 

molybdate. The protein substrate specificity of guinea-pig CD45 is not known and 

was not studied here. 

5.4.2 Antibody affinities 

The affinities of IH-1 and IH-2 were compared with RJD-2A10 (anti-Id) which is the 

mAb used in this laboratory for the passive immunotherapy experiments in the 

guinea-pig LgC leukaemia. The for IH-1 and IH-2 was lower than for RJD-2A10 

but they should be high enough to ensure sufficient binding in vivo for the immune 

effector mechanisms to be effective. The levels of expression of sIgM and CD45 

were comparable on L2C cells (1.5 x 10^ molecules/cell). 

5.4.3 Antigenic modulation 

One of the problems encountered in passive immunotherapy is antigenic modulation 

which results in the loss of the target Ag from the cell surface. The results here 

showed that the anti-CD45 mAb were unable to induce modulation in vitro. The 

ease with which modulation occurs varies with the target Ag. sig modulates very 

rapidly and other molecules such as class I and II MHC antigens and the 

lymphocytic/monocytic Campath-1 antigen appear not to modulate at all in vitro 

(Hale et a!., 1983). However, modulation occurs much more efficiently in vivo than 
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in vitro (Chatenoud et a!., 1 982; Hamblin et at., 1 987). At least part of the 

explanation for this is the enhancement seen by the addition of FcR bearing cells 

(Schroff et a!., 1 984; Lane et a!., 1 991 b). 

5.4.4 Immunotherapy 

Another problem encountered in passive immunotherapy is the presence of 

extracellular Ag in vivo. This problem is unlikely to occur to any significant extent 

with anti-CD45 mAb because the serum from terminal L2C guinea pigs did not block 

the binding of mAb to LgC cells in vitro. However, the immunotherapy experiments 

failed to reveal any specific protective effect with anti-CD45 mAb in the L2C guinea-

pig leukaemia. The failure of the immunotherapy experiments was disappointing and 

any further investigations into the mechanisms of passive immunotherapy in vivo 

was not be possible with this panel of anti-CD45 mAb. 
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CHAPTER 6 

CONCLUSIONS 

By attempting to raise mAb to guinea-pig B cell differentiation Ag I have produced 

new reagents which react with the guinea pig homologue of CD45. These mAb 

were studied in order to assess their potential for use in passive immunotherapy. 

Several very interesting observations were made and some of these were studied in 

considerable detail. However, I did not pursue many interesting aspects of guinea-

pig CD45 because this work was to be directly related to immunotherapy. 

Considerable future work will be required to study further some of the interesting 

aspects of the research presented here. 

6.1 PATTERNS OF CD45 ISOFORM EXPRESSION 

Anti-CD45 mAb that recognize epitopes dependent on the expression of the 

alternative exons have been used successfully to follow the patterns of CD45 

isoform expression of lymphocytes. The main limitation of these studies is that 

apart from anti-CD45R0 these mAb recognize more than one isoform. In addition, 

some anti-CD45R mAb recognize epitopes which are dependent on glycosylation 

(Johnson et a!., 1989a; Pulido and Sanchez-Madrid, 1990) and therefore may 

recognize an isoform as a result of cell-type specific carbohydrate modifications. 

Furthermore, some cells express more than one CD45 isoform. Consequently, mAb 

can not define the isoforms expressed by a given cell type nor the change in isoform 

expression during differentiation or activation. CD45 isoforms on CDS"*" T cells, NK 

cells, monocytes, macrophages, granulocytes and lymphoid dendritic cells are not 

well characterized (Trowbridge and Thomas, 1994). Further work with the anti-

guinea pig CD45 mAb could look at the pattern of expression on leukocytes other 

than CD4+ T cells. These studies could look at changes of CD45 isoform 

expression during development and with activation of these cell types. 

6.1.1 CD45 isoform expression by CD4^ T cells 

The pattern of CD45 isoform expression on guinea-pig CD4+ T cells was studied in 

considerable detail so that comparisons could be made with isoform expression in 

other species. The results for guinea-pig CD45 described here resemble those 

obtained in man, at least, as good as the similarity of human CD45 expression with 

that of rat and mouse. In fact, the CD45 molecule is highly conserved between 
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species and there is considerable cross-species similarity of function associated with 

lymphocyte subsets defined by anti-CD45R mAb even when they detect different 

exon products. The inability to identify the smallest isoform in the mouse, rat and 

guinea pig means that only tentative conclusions can be drawn from cross-species 

comparisons. One of the major problems encountered when using the guinea pig as 

a general model of the immune response in mammals is the paucity of mAb to 

guinea-pig lymphoid differentiation Ag when compared to those available for the rat 

and mouse (Burger et a!., 1986). 

6.1.2 CD45 isoform expression by thymocytes 

The pattern of CD45 isoform expression on guinea-pig thymocytes is very 

interesting. CD45, CDS and the TCR appear to be expressed in a coordinated 

manner on guinea-pig thymocytes. Furthermore, it appears to be the 

small/intermediate CD45 isoforms which are expressed together when CDS and TCR 

are first expressed. In the chicken, total CD45 expression is upregulated when CDS 

is first expressed in thymocyte development (Paramithiotis et a!., 1991) but the 

pattern of isoform expression during avian thymocyte development was not studied. 

The guinea-pig DN thymocytes did not express CD45 or TCR, however, these cells 

may express other molecules found on DN cells in other species. Such molecules 

include CD44, Thy-1, CD2, IL-2R, and cytoplasmic CDS (Ritter and Crispe, 1992). 

However, CD45 and TCR were on the cell surface at the stage when thymocyte 

selection occurs. 

The results presented here have shown that only a small proportion of DP and 

(immature and mature) SP thymocytes express the large CD45 isoforms. In the 

mouse it is only DN thymocytes which express the small CD45 isoforms which are 

proliferating and presumably it is these cells which go on to positive selection 

(Okumura et a/., 1 992). This suggests that some cells that have not yet undergone 

positive selection express only the small CD45 isoforms and those being selected 

appear to increase their surface expression of the large CD45 isoforms (Wallace et 

a/., 1992). Stimulation of thymocytes expressing large CD45 isoforms results in 

their switching to expression of the small isoforms and apoptosis (Merkenschlager 

and Fischer, 1991). It would appear that during thymocyte development the 

expression of CD45 isoforms repeatedly changes (Bell et a!., 1992b; Fujii et a!., 

1992). The results here for the guinea pig are consistent with this view and future 

work could look at the phenotype of recent emigrants from the thymus in the blood. 
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The changes in CD45 isoform expression suggest that it is involved in the regulation 

of the behaviour of thymocytes during development. This regulatory function of 

CD45 may be directly related to its role in signal transduction through the TCR. This 

possible regulatory role of CD45 is being studied very actively in both man and 

mouse. 

The pattern of CD45 isoform expression was also studied on guinea-pig 

CD4^ T cells in the blood. The results have shown that CD4+ T cells can be 

subdivided by their differential expression of CD45 isoforms. In other species, these 

subpopulations appear to have different activation requirements, functional 

capabilities and have different migration pathways (Mackay, 1991). In the rat, both 

Ag stimulated T cells and inexperienced recent thymic emigrants (naive or virgin T 

cells) express the smallest CD45 isoform (Bell et a/., 1 992b). Recent thymic 

emigrants develop into naive CD4 + CD45R+ T cells and Ag stimulated (activated) 

cells change isoform expression to re-express the smallest isoform—these may be 

the true memory T cells. The most likely scenario is that mature CD45R0+ T cells 

have recently encountered Ag and represent primed or activated cells poised at an 

effector stage. Re-exposure to Ag at this stage would elicit a rapid (secondary) 

response. In the absence of continued exposure to Ag these cells would re-express 

the large CD45 isoforms and may acquire some of the functional characteristics of 

naive cells. Therefore the persistence of CD45R0+ T cells capable of giving a 

secondary immune response (immunological memory) may depend on the continued 

presence of Ag (Beverley, 1990). Certainly a series of different experiments could 

now be performed in the guinea pig to test some parts of this model of T cell 

memory. 

6.2 ANTI-CD45 ANTIBODIES FOR PASSIVE IMMUNOTHERAPY 

The immunotherapy experiments performed using lH-1 and IH-2 failed to reveal any 

useful therapeutic effect in the guinea-pig L2C leukaemia model. The surface density 

of CD45 on the leukaemic B cells and the affinity of both these mAb were 

comparable to anti-Id mAb. The inability of anti-CD45 mAb to induce modulation 

and the absence of any extracellular barrier to Ab binding in the serum of terminal 

animals are advantageous factors for potential immunotherapeutic efficacy. These 

factors have been shown to hinder the binding and killing of tumour cells in vitro 

with anti-Id mAb. The main factor which is disadvantageous is probably the 

presence of CD45 (the target Ag) on all leukocytes in vivo. The importance of CD45 
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in cell activation may also be of relevance here. The infused mAb may bind to 

effector cells and block ADCC (Small et aL, 1987; Starling and Hart, 1990). Clearly, 

anti-CD45R mAb which only bind to target cells would be ideal but only the IH-4 

epitope has a very restricted type of expression. However, even this mAb bound to 

NK cells (Kurloff cells), B cells and a subpopulation of T cells and was ineffective in 

the immunotherapy experiments. The affinity of IH-4 for its Ag was not determined 

but some preliminary experiments suggested that it was of a lower affinity. Future 

work could look at the effect of these mAb on ADCC in vitro. This could be 

performed with human effector cells, so that these mAb will not bind to effector cell 

CD45. If guinea-pig effector cells work in vitro a similar series of experiments could 

be performed with these cells. It would be interesting to look at the killing of 

tumour cells coated with anti-Id mAb by guinea-pig effectors pre-coated with anti-

CD45 mAb. If a toxin molecule or radioactive isotope was attached to anti-CD45 

mAb this problem would no longer be of importance as the effector cells will not be 

involved in tumour cell killing. However, all cells expressing CD45 (normal and 

tumour cells) would be killed. 

One interesting paper has shown that radiolabelled anti-CD45 mAb can 

deliver radioactivity to all haematopoietic tissues with relative sparing of other 

tissues (Mathews et a/., 1991). This approach may improve the treatment of 

haematological malignancies by its use in conjunction with bone marrow 

transplantation. It may also provide a method for achieving marrow ablation and 

immunosuppression when bone marrow transplantation is used as a method for 

treating genetic diseases. 



APPENDIX I 

BUFFERS AND SOLUTIONS 

Buffers and solutions were prepared using glass distilled water and 'AnalaR' grade 

chemicals. All chemicals were bought from Sigma (Poole, UK) unless indicated 

otherwise. The pH of each buffer was checked before use and adjusted, if 

necessary, with the appropriate acid or base. The buffers were degassed before use 

for gel chromatography. The composition of each buffer used was as listed below. 

Normal saline 

NaCI 

Phosphate Buffered Saline PH 7.3 

(PBS) 

NaCI 

NazHPO* 

KH2PO4 

PBS —1 % Bovine Serum Albumin —20 mM NaNg 

(PBS-BSA-Azide) 

BSA (Wilfred Smith Ltd, Middlesex, UK) 

NaNg 

PBS—0.1% Tween 20—2% Bovine Serum Albumin 

(PBS —Tween —BSA) 

polyoxyethylene sorbitan monolauate (Tween 20) 

BSA 

Buffered formaldehvde acetone 

Na2HP04 

KH2PO4 

acetone 

formaldehyde (37%) 

0.0175 M phosphate buffer pH 6.3 

NazHPO* 

KH2PO4 

g/i 

8.77 

g/i 

7.01 

3.44 

0.79 

g/l of PBS 

10 

1.3 

ml/1 of PBS 

1 

g/l of PBS 

20 

g/l 

0.2 

1.0 

450 ml 

250 ml 

g/l 

0.56 

1.85 



0.03 M Phosphate-0.001 M EDTA DH 7.3 

(0.03 M PE7.3) g/l 

NazHPO^ 3.2 

KH2PO4 0.79 

EDTA 0.32 

0.2 M Tris-HCI-0.01 M EDTA DH 8.0 

(0.2 M TE8) g/l 

Tris 24.2 

Na2EDTA.2H20 3.72 

5 M HCI 20 ml 

0.2 M NaCI-0.04 M Tris-HCI-0.002 M EDTA DH 8.0 

(0.2 M NTE8) g/l 

NaCI 11.7 

Tris 4.85 

Na2EDTA.2H20 0.75 

5 M HCI 4.0 ml 

0.5 M carbonate buffer DH 9.5 

g/l 

NaHCOg 37.0 

Na2C03 10.3 

0.1 M bicarbonate buffer pH 8.4 

g/l 

NaHCOg 8.4 

(pH adjusted with 0.1 M Na2C03) 

Ammonium sulphate (saturated) 

770 g (NH4)2S04/I of 0.2 M TE8 

(stirring for at least 60 minutes) 

0.1 M Glvcine-0.002 M EDTA DH 3.0 

(0.1 M GlyE3) g/l 

Glycine 7.5 

Na2EDTA.2H20 0.75 

1 M KSCN —0.5 M NH^OH (ammonium thiocvanate) oH 11.5 

g/l 

KSCN 97.2 

14 M NH3 (aqueous) 36 ml 



3.5% Sodium citrate PH 7.4 

g/i 

tri-sodium citrate 35.0 

0.2 M triethanolamine PH 8.2 

ml/I 

triethanolamine (7.5 M solution) 27.0 

(pH adjusted with 1 M HCI) 

50 mM ethanolamine PH 8.2 

ml/I 

ethanolamine (16 M solution) 3.0 

(pH adjusted with 1 M HCI) 

Buffers for coupling proteins to CNBr-activated Sepharose 4B 

a) coupling buffer pH 8.3 

g/i 

NaHCOg 8.4 

NaCI 29.22 

b) 1 M ethanolamine-HCI pH 9.0 

ml/1 

ethanolamine (16 M solution) 60 

(pH adjusted with 1 M HCI) 

Radiolabeling buffer 

mg/l of PBS 

Kl (1/yM) 0.166 

g/l of PBS 

K2HPO4 (5 mM) 1.14 

Lvsis solutions 

a) Red blood cell lysing solution 

ml 

ethylene glycol (BDH, Poole, UK) 45.0 

formaldehyde (37%) 37.5 

0.2 M Tris 17.5 

(diluted ten-fold with distilled water before use) 



b) Lysis buffer A (for immunoprecipitations) 

NazEDTA.ZHzO 

EGTA 

iodoacetamide 

phenylmethylsulphonylfluoride (PMSF) 

Soybean trypsin inhibitor 

aprotinin (20 KlU/ml) 

Triton X-100 (BDH, Poole, UK) 

c) Lysis Buffer B (for purification of CD45) 

Tris 

sucrose 

MgCl2 

CaCl2 

EDTA 

benzamidine 

dithiothreitol (BDH, Poole, UK) 

phenylmethylsulphonylfluoride (PMSF) 

aprotinin 

leupeptin 

Triton X-100 (Pierce, Luton, UK) 

(pH adjusted to 8.2 with 1 M HCI) 

ELISA buffers 

a) coating buffer 

Na2C0g 

NaHCOg 

b) PBS —1 % Bovine Serum Albumin (PBS —BSA) 

BSA 

c) citric acid Buffer 

Citric Acid 

d) phosphate buffer 

NazHPO^ 

mg/1 00 ml of PBS 

37.0 

38.0 

93.0 

17.4 

2.0 

100/yl 

0.5% 

g/i 

3.03 

8.56 

0.095 

0.111 

1.861 

0.157 

0.771 

0.174 

/yg/ml 

10 

10 

0.5% 

g/i 

1.59 

2.93 

g/l of PBS 

10 

g/1 00ml 

1.92 

g/1 00ml 

2.84 



e) substrate buffer 

citric acid buffer 24.3 ml 

phosphate buffer 25.7 ml 

distilled water 50.0 ml 

o-phenyldiamine (OPD) 20.0 mg 

H2O2 (60%) 40/yl 

f) washing buffer (PBS—Tween 20) 

ml/1 of PBS 

polyoxyethylene sorbitan monolauate 5.0 

SDS-PAGE buffers 

a) electrode buffer pH 8.3 

9/1 

glycine 144.13 

Tris 30.28 

(diluted ten-fold with distilled water and 10 ml stock SDS added per litre) 

b) stock SDS (10%) 

g/i 

SDS 100 

c) sample buffer pH 6.8 

g/i 

0.25 M Tris (pH adjusted with HCI) 30.28 

4% SDS 

20% glycerol 

0.02% bromophenol blue 

(10% 2-mercaptoethanol if required) 

d) Stock Ammonium Persulphate (APS) 

mg/ml 

APS 15 

e) Stock acrylamide 

50% solution of acrylamide and bis-acrylamide (pre-pag mixture) 

at a ratio of 37:1 

(Pharmacia LKB, Upsalla, Sweden) 



f) stain solution 

ml 

glacial acetic acid 100 

iso-propanol 200 

distilled water 700 

brilliant blue 0.5 g 

g) destain solution 

ml 

glacial acetic acid 100 

iso-propanol 100 

distilled water 800 

Tyrosine phosphatase assay buffers 

a) substrate buffer 

g/i 

sodium acetate 8.2 

EDTA 1.86 

tyrosine (DL) phosphate 5.22 

b) assay buffer 

ml 

perchloric acid (6 M) 20 

distilled water 40 

sodium molybdate (2.5%) 20 

ascorbic acid (10%) 20 

Buffers for CD45 purification 

g/i 

a) CD45 buffer A 

Tris 3.03 

sucrose 8.56 

MgCl2 0.095 

CaClz 0.111 

EDTA 1.861 

dithiothreitol (BDH) 0.771 

Triton X-100 (Pierce, Luton, UK) 0.5% 

(pH adjusted to 8.2 with 1 M HCI) 

b) CD45 buffer B 

17.53 g NaCl/l CD45 buffer A 



c) CD45 buffer C 

triethylamine (7.2 M solution) 7 ml/1 

dithiothreitol 0.771 g/l 

Triton X-100 (Pierce, Luton, UK) 0.1 % 

d) CD45 buffer D 

g/l 

Tris 3.03 

sucrose 8.56 

MgCl2 0.095 

CaClz 0.111 

EDTA 1.861 

benzamidine 0.157 

dithiothreitol (BDH, Poole, UK) 0.771 

phenylmethylsulphonylfluoride (PMSF) 0.174 

/yg/ml 

aprotinin 10 

leupeptin 10 

(pH adjusted to 8.2 with 1 M HCI) 

Glycol methacrvlate solutions 

a) solution A 

hydroxyethyl methacrylate 80 ml 

2-butoxyethanol 16 ml 

benzoyl peroxide 300 mg 

b) solution B 

polyethylene glycol 200 1 5 ml 

/\/,y\/-dimethylanaline 1 ml 

Karnovskv's fluid 

paraformaldehyde 20 g 

glutaraldehyde (25%) 100 ml 

PBS 400 ml 

(Dissolve paraformaldehyde in distilled water at 70°C and then add 1 M NaOH drop 

by drop until the solution clears.) 



APPENDIX II 

SYMBOLS USED IN DIAGRAMS 

TYPE 

Complement 
control protein 
(CCP) 

Cytokine 
receptor (R) 

Epidermal 
growth 
Factor (EGF) 

Fibronectin 
type n (FNH) 

Fibronectin 
type m (FNin) 

SIZE 
(•pprozliiiilc 
amino sdib) 

0 
V 

0 

0 

Immunoglobulin ( V % 
ag)Vset 

Immunoglobulin ( ci % 
Ig CI set x l v l 

Immunoglobulin ( C2 * 
IgC2set 

Lectin C-type 

Lectin S-type 

LRG Repeats 

Link 

60 

100 

40 

55 

100 

110 

100 

90-100 

120 

c e : 

140 

24 

90 

TYPE 

LDLR 

SIZE 

(approiiinaU 
amino acldi) 

Ly-6 9 
MHC Q 

- < — 

• 

Nerve growth 
Factor Receptor 
(NGFR) 

Scavenger 
Receptor 

Somatomedin C S ) 

Tyrosine Kinase 

Phosphotyrosine 
Phosphatase 
(PTPase) 

K 

40 

70-90 

100 

40 

110 

40 

270 

250 

OTHER SYMBOLS USED 

N-glycosylation sites 

0-linked glycosylation / 

Chondroitin sulphate —<S) 

Glycosoaminoglycan 

GPI anchor in 

"""""" l l lml 

Adapted f rom Barclay ef a/., 1993. 
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