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Abstract

The leucocyte common antigen (CD45) is a high molecular weight transmembrane
glycoprotein exclusively expressed on hematopoietic cells. It plays an important role in the
signal transduction of T cells, in which various alternatively spliced isoforms are generated
according to the stage of development and activation. Monoclonal antibodies recognising high
and low molecular weight isoforms have been used to distinguish between naive and memory
T cells. The splicing pattern of CD45 in T cells is altered in some individuals, who show
continuous expression of high molecular weight isoforms containing exon A on activated T
cells. A silent point mutation at position 77 of CD45 exon A was shown to be associated with
the variant splicing pattern. This thesis provides strong evidence that this mutation is the

cause of abnormal splicing.

In order to study the factors influencing CD45 alternative splicing, somatic cell hybrids of
lymphocytes with a CD45 splicing defect and a mouse lymphoid line were produced. Clones
expressing different isoforms of CD45 were isolated in which expression of the high
molecular weight isoform containing exon A was associated with the mutation within exon A.
In addition, minigenes including this mutation were constructed and transfected into various
cell lines. Semi-quantitative RT-PCR showed a striking increase in splicing to CD45RA when
compared with the normal minigene. Taken together, these results demonstrate a causal
relationship between the mutation in CD45 exon A and the variant splicing pattern observed.

Another important question is how the alternatively spliced exons of CD45 are controlled.
The involvement of trans-acting splicing factors that interact with this region of CD45 pre-
mRNA from minigenes was investigated by cotransfection assays of several cloned splicing
factors belonging to the family of SR proteins. It was clearly shown that SRp 20 and SRp30c
have antagonistic effects on CD45 alternative splicing. SRp 20 induced shifts in the CD45RA
form, whereas SRp30c promoted splicing in the opposite direction in a dose dependent
manner resulting in CD45RO expression.

SR proteins consist of a modular structure with single or multiple RNA recognition motifs
(RRMs) and one serine-arginine rich domain. Experiments using domain swap chimera
between SRp30c and SRp30a as well as deletion mutants of SRp30c indicate that the
specificity for CD45 exon A splicing is contained within the second RRM of SRp30c.
Collectively, these findings imply that individual members of the SR family of splicing
regulators can specifically inhibit or promote the splicing of alternative CD45 exons. A

general mechanistic model for alternative splice site selection has been proposed.
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Description of following chapters

In chapter 3 of this thesis the CD45 isoform switch in stimulated T cells was investigated and
immunofluorescence was employed to detect the variant phenotype of CD45 alternative
splicing. Furthermore the incidence of this genetic defect was evaluated.

The data presented in chapter 4 provides evidence for the involvement of the structural gene
of CD45, but not a postulated splicing factor in the emergence of the variant splicing pattern.
Somatic cell hybrids were produced to separate the two alleles of CD45 and a mutation in
exon A was found to be associated with hybrids displaying high molecular weight isoforms of
CD45.

The proof for this mutation being the underlying cause of the variant phenotype in humans is
provided in chapter 5 following the transfection of several different minigenes into which the
mutation had been introduced that failed to splice to CD45RO forms properly.

The regulation of CD45 alternative splicing was studied in chapter 6: particular splicing
factors belonging to the family of SR proteins were shown to have antagonistic effects on
alternative CD45 splicing, either promoting or inhibiting the exclusion of exon A. Domain
swap and deletion experiments extended the analysis of SR proteins in their ability to change
alternative CD45 splicing providing evidence for the specificity of different domains within
one individual splicing factor (SRp30c).

Finally, chapter 7 raises some open questions and concludes with a model of CD45 splicing

and its implications in the regulation of immune responses.
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Chapter 1

Introduction

I. The immune system

We encounter an environment that contains a great variety of infectious microbes which can
cause life threatening disease, if they multiply uncontrolled. Therefore we need a biological
defence system which combats pathological invaders and can distinguish between self and
non self. This ability to recognise and respond to the diversity of infectious agents in a
controlled way is one of the hallmarks of our immune system.

Innate and adaptive immune responses

Immunity is provided by specialised cells and the molecules they produce and secrete. Two
different, but interrelated types of immunity, depending on the specificity and mechanism of
the response can be distinguished: the innate and the adaptive immune systems. Nonspecific
components of innate immunity protect the host from pathogen associated effects and are
characterised by rapid response kinetics. This first barrier of protection is based on
nonspecific cellular as well as soluble factors, including the complement system, natural killer
cells, antibacterial and viral products secreted by phagocytes, including granulocytes and
macrophages. The innate immune system operates via germline-encoded receptors, which are
commonly referred to as pattern recognition receptors (PRRs) (Medzhitov and Janeway,
1997a; Medzhitov and Janeway, 1997b). These receptors are able to recognise pathogen
associated molecular patterns (PAMPs), a set of conserved molecular structures that are
shared by a large number of pathogens. They include humoral proteins circulating in the
plasma, endocytic receptors expressed on the cell surface and signalling receptors that are
either cell membrane associated or localised intracellularly (Fearon and Locksley, 1996). A
recent example of a conserved defence pathway found in both insects and vertebrates is
mediated via the Toll receptor, that can induce the production of cytokines and costimulatory
molecules by induction of NFxB upon stimulation (Lemaitre et al., 1996; Medzhitov et al.,
1997). The protection provided by the innate immune system however is limited due to its
restricted specificity and inflexibility to adapt to pathogens that developed escape mechanisms
through a high mutational rate.

These limitations can be overcome by the establishment of an adaptive immune system,

which is characterised by specificity and memory and its ability to confer lifelong protection
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against previously encountered pathogens. Immunological memory is the capability of the
immune system in a repeated confrontation with the same antigen to mount a secondary
immune response even after years. In contrast to the primary immune response, the secondary
response 1s faster and the reaction to the antigen is stronger and more prolonged than at the
first antigenic contact. The adaptive immune system uses receptors that are generated by
somatic rearrangement of their genes, creating an immense repertoire for antigen recognition.
Therefore the specificities of receptors expressed on a distinct subset of cells is not
predetermined and an immune response will only be generated if this cell encounters an
appropriate antigen. However, immunopathologies may develop if the adaptive immune
system is inappropriately activated. Consequently it requires signals that provide information
about the origin of the antigen, which appears to be a function of the innate immune system
(Medzhitov and Janeway, 1997a). These signals are provided by APCs and epithelial cells
and include immunological mediators, such as inflammatory cytokines and chemokines as
well as the co-stimulatory molecules, which activate the specialised cells of the adaptive
immune system. Adaptive immunity is mediated mainly by two types of lymphocytes acting
together with phagocytic cells, macrophages and dendritic cells, which take up foreign
material, process and present antigens to T lymphocytes.

Lymphocyte subpopulations

Lymphocytes are divided into two major subgroups, the T- and B-lymphocytes. B-
lymphocytes mature in the bone marrow and migrate between the blood and lymphoid tissues.
B-cells produce antibodies, which can be membrane bound or secreted, bind antigens and
trigger effector mechanisms for their destruction and removal. T-lymphocytes develop in the
bone marrow and subsequently migrate to and mature in the thymus. Once matured they
circulate between the blood, lymphoid and non-lymphoid tissues and execute a variety of
functions. One group interacts with B-cells and helps them to divide, differentiate and make
antibody. Another group interacts with phagocytes supporting them to destroy pathogens.
These two groups are called T-helper cells. In contrast cytotoxic T-cells are responsible for
destruction of host cells which become infected by viruses or other intracellular pathogens

and even tumour cells.

T lymphocytes

T cells develop in the bone marrow from hematopoietic precursors and mature in the thymus
where TCR rearrangement and subsequent selective events take place (Robey and Fowlkes,
1994). Negative selection for self antigens depletes self-reactive cells, whereas positive
selection to self MHC complexes favours the maturation of self-restricted cells (Kaye et al.,
1989; Teh et al., 1988; von Boehmer and Kisielow, 1990). The outcome of selection of
thymocytes depends on the affinity and avidity of the TCR for peptides presented within the
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thymus, either promoting selection for maturation to CD4+/CD8+ single positive thymocytes
or depletion by apoptosis (Anderson and Perlmutter, 1995; Jameson et al., 1995; Sprent et al.,
1988) Both positive and negative selection must depend an TCR interaction with self peptide
in conjunction with the MHC complex as this is all there can be in the thymus. Once mature,
T cells migrate out of the thymus and recirculate between the blood and lymphoid tissues.
When T cells encounter an antigen they undergo clonal expansion and acquire effector and

memory functions.

Antigens are normally presented as peptides on the major histocompatibility complex (MHC)
expressed by antigen presenting cells (APC) such as macrophages, dendritic cells or B cells. T
cells in turn can provide help to these other cellular components of the immune system by the
secretion of a variety of mediators or directly eliminate pathogens depending on the subset.
After massive increase in circulating antigen-specific T cells after stimulation, the majority of
these cells are cleared as they undergo apoptosis (Russell et al., 1991; Zhang et al., 1995) or
persist in a relatively quiescent memory state (Sprent and Miller, 1976; Sprent and Tough,
1994). Apoptosis is associated with down-regulation of expression of the protooncogene Bcl-
2 (Cory, 1995), which can be triggered by deprivation of certain cytokines (Akbar et al., 1996;
Maini et al., 1998 : submitted)

Major T cell subsets

T-lymphocytes consist of heterogeneous subpopulations of cells which can be identified
phenotypically by their expression of different cell surface molecules. All T cells express on
their surface the T-cell-receptor complex (TCR-complex) for the recognition of antigens
presented by APCs as peptides bound to MHC-molecules (Fink and Bevan, 1978;
Zinkernagel et al., 1978). Two major functionally distinct lineages of T cells are defined by
the expression of co-receptors CD4 or CD8. The CD4 molecule identifies T-helper cells (Th)
and the CD8 molecule the cytotoxic T-cells (Tc) subpopulation. Suppressor cells (T's) can be

identified only by their function and not by the expression of any unique surface molecule.

CD8 and CD4 molecules interact with domains of the MHC I- or MHC II-complex,
respectively, therefore enhancing the binding of the TCR (Swain et al, 1983; Norment et al.,
1988) and supporting signal transduction through the T cell membrane (Takada et al., 1987;
Emmrich et al., 1987). These subpopulations develop from precursor cells which expresses
both proteins, CD4 and CD8 on their surface (Lopez-Botet et al, 1985, Reinherz et al, 1980,
Roehm et al, 1984). This phenotypic difference is associated in the mature peripheral T-
lymphocyte with different functions. Cytotoxic T lymphocytes expressing CD8 recognise
endogenously processed antigens presented on the MHCI complex and can kill virally
infected and tumour cells by perforin and Fas/Apo-1 mediated mechanisms (Krammer et al.,
1994; Nagata, 1994). One type of CD4 T cells is defined by its T helper cell function which
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positively affects the response of B and T cells and another type can induce delayed type
hypersensitivity responses.

Cytokine production of CD4 T cells (Th-type)

T cells expressing CD4 can be further subdivided into ThO, Thl and Th2 cells according to
their profile of cytokine secretion (Mosmann et al., 1986). Thl type T cells predominately
activate macrophages mainly by the release of y-IFN, IL-2, IL-12 and TNF-f. In contrast, Th2
type T lymphocytes generally provide help for B lymphocytes to differentiate into plasma
cells by the secretion of IL-4, IL-6, IL-10 and TGF-B (Abbas et al., 1996; Fearon and
Locksley, 1996; Romagnani, 1992; Scott, 1993).

Although, the immune modulatory effects of different cytokines are extremely complex, many
autoimmune diseases involving tissue damage are characterised by Thl type responses,
whereas allergic reactions are associated with Th2 type responses. The ThO type is believed to
represent both a Th2 and Th1 type cytokine profile. There is evidence that suggests that this

bipolar phenotype can be polarised by the influence of certain cytokines (Hsieh et al., 1992).
IL-12 and y-IFN were shown to direct the bipolar cell towards Thl, whereas IL-4 promotes

the production of the Th2 phenotype. Furthermore y-IFN negatively affects Th2 type cytokine
production, whereas IL-10 indirectly inhibits the Th1 cytokine pattern.

Naive and memory T-cell subpopulations

Peripheral mature T-cells can also be divided into naive and memory cells, depending on their
stage of development. Naive T-cells have not been in contact with any specific antigen, whilst
memory T-cells have already encountered an antigen and show enhanced responsiveness to
recall antigens (Cerottini et al., 1974). Immunisation can substantially increase the frequency
of T cells responsive to specific antigen (MacDonald et al., 1980), consistent with the theory
of clonal expansion of antigen primed T cells in vivo (Jerne, 1984). The duration of antigenic
stimulation determines whether T cells become activated and this requirement differs largely

between naive and memory T cells (Iezzi et al., 1998).

However there is still controversy about how memory T cells are generated. One model
assumes that memory T cells arise by reversion of a subset of activated effector T cells,
whereas an alternative model states that they can be directly generated via a developmental
pathway distinct from that giving rise to effector T cells (Farber, 1998). In the case of T cells
the first model is favoured, primarily because there are no reliable phenotypic memory
markers (Bradley et al., 1993; Bruno et al., 1995). In the case of B cells, however, the latter
model is believed to hold true, as antibody secreting plasma cells (effector) and memory B
cells expressing surface Ig can be clearly distinguished (Halper et al., 1978; Ho et al., 1986;
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Schittek and Rajewsky, 1990). There is accumulating evidence from studies in mice though,
that the ability of the immune system to create memory cells does not require the preceding
formation of effector cells (Bemer et al., 1995; Liu et al., 1997).

A central question is whether the cells responsible for immunological memory itself are long
lived or if memory is rather determined by specific clones that persist for long periods, but
contain rapidly cycling cells. The first studies in humans using mathematical models revealed
that the lifespan of the memory T cell population is paradoxically shorter than in the slower
cycling naive T cell population (Michie et al., 1992). This was further supported by the
observation that CD45RO+ T cells expressed high levels of Fas (CD95) and downregulated
Bcl-2 expression, rendering them prone to apoptosis (Akbar et al., 1993; Salmon et al., 1994).
These observations have proven difficult to reconcile with the view that the carriers of
memory are imbued with the quality of long life, but are consistent with the idea that memory
is carried in long lived clones of T cells. New evidence from clonally expanded CD8+ T cells
in acute infectious mononucleosis shows a paradoxical preservation of telomere length
accompanied by profound upregulation of telomerase, suggesting that these T cells can be
rescued from apoptosis by certain cytokines hence entering the memory pool with a high
capacity for continued cell division and allowing longterm maintenance of immunological
memory (M. Maini, 1998 submitted).

Another recent debate concerns the requirement of antigen for persistence of a memory T cell
population. The original assumption for the existence of a longlived resting T cell population
was first questioned by observations following transfer of T cells that their survival critically
dependent on the persistence of antigen. (Gray and Matzinger, 1991; Gray and Skarvall,
1988). However, this field has been highly controversial, since later studies based on virus
specific CD8+ T cells show either antigen dependent survival (Oehen et al., 1992;
Zimmerman et al., 1996) or memory endurance in the absence of antigen (Hou et al., 1994;
Mullbacher, 1994). However these discrepancies may be due to the fundamentally different
experimental models (Kundig et al., 1996), questioning the reliability of in vitro techniques

to study this phenomenom.
Markers to distinguish naive and memory T cells

T cell stimulation results in proliferation accompanied by the acquisition of a variety of
effector functions and induces a large number of phenotypic changes which can be exploited
to characterise activated T cells (Crabtree, 1989). Several activation markers (Akbar et al.,
1988; Sanders et al., 1988) as well as cytokine expression patterns have been described that
can be additionally used to define the memory T cell population (Byrne et al., 1988;
Merkenschlager et al., 1988; Padgett et al., 1983; Picker et al., 1995; Sanders et al., 1989).
Useful cellular markers are adhesion molecules (CD2, CD11a, CD18, CD29, CD49d, CD49%¢
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and CD44 isoforms) the lymphocyte homing receptor (CD62L), Fas (CD95), co-stimulatory
molecules (CD27, CD28), certain cytokines (IL-2, IL-4, IFN-y, TNF-o) and their receptors
(IL-2R). The surface molecules are not exclusively expressed on one or the other
subpopulation, as is the case for CD4 and CD8 cells, but rather expressed at different

densities.

Apart from the change in expression levels, differences in the pattern of alternative splicing
(especially for CD45) have been associated with a functional change from naive to
memory/effector T cells. The enhanced expression of surface adhesion molecules and
alterations in alternative splicing (especially for CD44) on memory T cells results in a
different circulation pattern in the organism. Both activated and resting T cells are found in
efferent lymphatics and re-enter the blood via the thoracic duct. However, whilst naive T-cells
are mostly found in blood vessels and enter lymph nodes, memory T-cells can leave the blood
to traffic through tissues and pass via afferent lymphatics to enter lymph nodes (Mackay,
1993; Mackay, 1991; Mackay et al., 1990; Mackay et al., 1992)

Recognition of a specific antigen by the TCR

T- and B-cells have basic differences in the way they recognise an antigen. B cells recognise
and bind antigens in their native form. T-cells are only able to recognise antigens via the
TCR, when they have been processed and presented by accessory cells in association with
MHC-molecules (Sharma et al., 1996; Shimonkevitz et al., 1983; Zinkernagel, 1978). Only if
the TCR has the appropriate binding site is the T-cell activated through the TCR/CD3
complex. The interaction of the TCR with the appropriate MHC complex is referred to as self-
MHC-restriction (Zinkernagel and Doherty, 1974).

The TCR/CD3 complex comprises a clonotypic o.—f or Y-8 heterodimer associated non-
covalently with the invariant chains of the CD3-complex (figure 1.1). The af3 receptor is
expressed on about 95% of all pheripheral blood T cells (Moss et al., 1992). T cells
expressing the Y0 receptor differ from o T cells in the way they recognize antigens, which do
not require processing in order to induce a specific response (Chien et al., 1996). This type of
T cell is mainly involved in the destruction of certain virus infected cells and mycobacteria,
which may be recognized via non-peptide containing phosphate-compounds (Havran and
Boismenu, 1994). The capacity of the TCR to transduce extracellular signals across the T cell
membrane is mediated by the CD3 complex (Weiss and Littman, 1994). This complex
consists of three subunits including the invariant vy, 8 and € polypeptides, which are members
of the immunoglobulin superfamily (Weiss, 1993). Two additional components of the
TCR/CD3 complex are the } and {-chains. Most of {-chains exist as disulphide bridge
associated homodimers and some as heterodimers with an e-chain, that arises by alternative
splicing of the pre-mRNA of the {-chain.
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The diversity of the TCR repertoire is generated by rearrangement of the V, D, J and C
segments during T cell ontogeny, to produce a continuous V-D-J sequence, which is then
spliced together with the C region after transcription. The germline DNA consists of
approximately 50 Vo and 60 V3 segments, over 70 Jo and JB segments, one D segment, a
single Co. and two CP segments creating a enormous variety of more than 1016 different
combinations for the ab TCR by recombination, if N region heterogeneity is taken into
account (Moss et al., 1992).

Mechanisms of T cell activation

In order to generate a T cell response, the TCR must have appropriate specificity and
sufficient affinity for peptides presented in conjunction with the self-restricted MHC receptor.
During this process only specific clones of T cells become activated. However, mitogenic
products of some bacteria and plants, termed superantigens, can produce a polyclonal
response within a subset of a T cell population that contains V gene products with which they
interact (Choti et al., 1989; Bowness et al., 1992). Normally, the functional outcome of TCR
ligation is dependent on the presence or absence of costimulatory signals provided by APCs
(Janeway and Bottomly, 1994; Linsley and Ledbetter, 1993). As a result of this additional
requirement, antigenic stimulation can either lead to a productive cellular response and
acquisition of effector function or in its absence, to a state of anergy, which is characterised
by long lasting unresponsiveness (Jenkins and Schwartz, 1987; Mueller et al., 1989).

A critical role in the prevention of or induction of anergy is brought about by costimulatory
molecules such as the B7 family, B7-1 (CD80) (Freeman et al., 1989), and B7-2 (CD86)
(Azuma et al., 1993), CD40 (Grewal and Flavell, 1996) a large number of adhesion
molecules, such as CD2 (Springer, 1990), CD5 (Ceuppens and Baroja, 1986; Osman et al.,
1993), CD54 (Altmann et al., 1989) and CD58 (Moingeon et al., 1989), as well as the soluble
ligands (Ceuppens et al., 1988; Lorre et al., 1994).

The B-7 family of molecules display a restricted pattern of expression on APCs and can be
induced by a variety of stimuli (Boussiotis et al., 1994). Both B7-1 and B7-2 interact with
either CD28 (Harding et al., 1992) or CTLA-4 (Brunet et al., 1987; Linsley et al., 1991)
expressed on T cells constitutively or after activation, respectively. However, different
functional effects were suggested, as B7-1 preferentially induces Th2, whereas B7-2
predominantly influences Thl-mediated responses (Kuchroo et al., 1995; Lenschow et al.,
1995). In addition, it is now generally accepted that CD28 delivers a stimulatory (Sperling
and Bluestone, 1996), whereas CTLA-4 provides a inhibitory signal to the T cell upon
interaction with B-7 molecules (Waterhouse et al., 1996).
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B7-CD28 interaction appears to be closely linked to CD40-CD40L interaction, since
signalling through CDA40, expressed on most APCs, can trigger upregulation of B7 (Caux et
al., 1994; Kiener et al., 1995). CD40-CD40L engagement is not only critical for B cell
growth, isotype switching and Ig-synthesis (Banchereau et al., 1994), but can also lead to T
cell activation enhancing both Thl and Th2 type responses (Peng et al., 1996; van Essen et
al., 1995). In the light of this recent data a reciprocal stimulation model for T-B cell
interaction has been proposed, in which TCR-Ag/MHC engagement can induce CD40L
upregulation on T cells, which in turn interacts with CD40 resulting in increased B7
expression on the cognate B cell. As a consequence of B7 upregulation, B cells reciprocally
trigger the T cell via CD28. The two principal costimulatory signals are therefore provided by
B7-CD28 and the CD40-CD40L interactions whereas adhesion molecules predominantly
exert their costimulatory role by increasing the avidity of T cell and APC contact (Foy et al.,
1996).

Pathways of signal transduction

Binding of MHC/peptide complexes to TCR/CD3 molecules mediates signalling, perhaps via
oligomerisation and conformational changes, that can result in activation, anergy or apotosis,
depending on the state of T cell differentiation and the influence of co-receptors (Cohen,
1992; Miller and Morahan, 1992; Weiss, 1991). The strength of these signals and the presence
or absence of costimulatory signals determines the activation of downstream src-family
members, such as p59f¥n, p561CK and src-like ZAP-70, all tyrosine kinases that couple the
TCR to downstream pathways of signal transduction via CD3 and { molecules (Cantrell,
1996; Chan et al., 1994; Penninger et al., 1993). The tyrosine kinase p59fYn directly
associates with the components of the TCR/CD3 complex, whereas p56lck is associated with
CD4 or CDS8, which bind the appropriate MHC-complex with their extracellular domain . The
activation of this so called phosphotyrosine kinase (PTK) pathway results in tyrosine
phosphorylation of a variety of cellular proteins (Samuelson et al., 1986; Hsi et al., 1989). The
sequence of these events is activation of src kinases, that catalyse the phosphorylation of
ITAMs (immunoglobulin receptor family tyrosine-based activation motifs), which then recruit
and activate ZAP-70/syk kinase by phosphorylation (Iwashima et al., 1994; Thome et al.,
1995; Weil et al., 1995).

Among those proteins that undergo tyrosine phosphorylation is the yl isoform of
phospholipase C (PLC) increasing its catalytic activity (Park et al., 1991; Weiss et al., 1991)
and inducing p36 tyrosine phosphoprotein engagement, which is necessary to recruit PLCyl
to the plasma membrane (Sieh et al., 1994). The enhanced activity of PLCyl leads to the
hydrolysis of the membrane phospholipids phosphoinositolphosphate (PIP2) to
inositoltrisphosphate (IP3) and diacylglycerol (DAG) (Nisjibe et al., 1990; Kim et al., 1991).

These second messengers cause activation of the serine/threonine kinase family of protein
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kinase C isozymes (PKCs) and mobilisation of intracellular stored calcium ions (Berridge et
al., 1984; Imboden et al., 1985). These proximal events subsequently lead to activation of ras,
raf and MAP kinase pathways further transmitting the signal to transcription factors such as
fos and jun. These bind directly to the DNA strands and recruit polymerases to start
transcription of genes that are important for cellular proliferation and differentiation (Cantrell,
1996).

An alternative signalling pathway from the TCR involves inositol lipid metabolism substrates,
which are phosphorylated by the large catalytic subunit of phosphatidylinositol 3'-hydroxyl
kinase (PtdIns 3-kinase) (Ward et al., 1992), upon T cell activation. CD28 is thought to
provide a costimulatory signal which is essential for the optimal activation of this enzyme
(Ward et al., 1993). The small regulatory subunit of PtdIns 3-kinase can directly associate
with the cytoplasmic domain of CD28 (Pages et al., 1994; Truitt et al., 1994), which may
result in direct interaction with the TCR { chain (Exley et al., 1994) or alternatively src-
kinases such as p59fyn and p56ICk that interact with components of the TCR complex (Prasad
et al., 1993a; Prasad et al., 1993b). The downstream signal transduction cascades for PtdIns 3-
kinase, which result in the cellular responses, of differentiation and growth are very
complicated and not completely understood (Cantrell, 1996). However, another protein kinase
p70S6, involved in protein synthesis as well as members of the PKC family have been
suggested as targets (Liscovitch and Cantley, 1994; Ming et al., 1994; Monfar et al., 1995).
Important accessory molecules of the T cell acting at the most proximal point to potentiate of
this TCR signalling cascade are CD2, CD4, CD8, CD11a, CD28, (CD54, CD58) and the
leucocyte common antigen, CD45.

II. The Leucocyte Common Antigen (CD45)

CD45 is a membrane associated high molecular weight glycoprotein expressed exclusively by
hematopoietic cells, which is important for signal transduction in T as well as in B
lymphocytes (Thomas, 1989; Thomas and Lefrancois, 1988; Trowbridge and Thomas, 1994) .

Genomic structure of CD45

The CD45 gene is located on chromosome 1 in both mice (Shen et al., 1986) and humans
(1g31-32) (Ralph et al., 1987), and is part of the syntenic region between humans and mice
(Seldin et al., 1988). A single gene spanning approximately 130 kilobases consisting of 33
exons encodes a mRNA of 3832 to 4315 bases in size, depending on alternative splicing
(Saga et al., 1987; Streuli et al., 1987). Most of the gene has been characterised, but a large
intron of about 70 kilobases between exons 2 and 3 is missing (Hall et al. 1988; Fernandez et
al., 1991). The first intron contains a potential promoter of CD45 (Timon and Beverley,
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1997). The extracellular domain of CD45 is encoded by exon 3, the amino terminus, and
exons 7 through 15 (exons 1 and 2 are untranslated regions).

The CD45 isoforms arise by alternative splicing of exons 4, 5 and 6 (also designated as A, B
and C), which are used differentially to generate potentially eight different mRNAs (Thomas
et al., 1987; Saga et al., 1987; Streuli et al., 1987). Six of the eight possible transcripts have
been isolated as cDNAs from three different species: human, mouse and rat (Ralph et al.,
1987; Saga et al., 1987; Streuli et al., 1987). The most prominent isoforms contain exons A, B
and C, only exon B or none of the variably spliced exons. The transmembrane peptide is
encoded by exon 16. Exons 17 through 24 encode the first and exons 25 through 32 the
second of the two homologous domains of the cytoplasmic region. The carboxy terminus is
encoded by exon 33, which also includes the entire 3' untranslated sequence of CD45 (for
illustration see figure 1.2).

Glycoprotein structure of CD45

The complete sequence for human, mouse and rat CD45 has been determined from the
analysis of cDNA clones (Barclay et al., 1987; Ralph et al., 1987; Thomas et al., 1987; Saga
et al., 1987; Streuli et al., 1987). The glycoprotein is composed of an amino-terminal, external
domain ranging in length from 391-552 amino acids, depending on the isoform, a membrane
spanning region of 22 amino acids and a large cytoplasmic domain of 705 amino acids. The
cytoplasmic domain is highly conserved between species and is the largest reported to date
corresponding to an approximate molecular weight of 80 kDa (Thomas, 1989).

The internal duplication of about 300 amino acids indicates that the cytoplasmic domain
consists of two subdomains. They were later identified as phosphotyrosine phosphatase
(PTPase) domains (figure 1.1) (Charbonneau et al., 1988; Tonks et al., 1988). Only the
membrane proximal phosphatase domain was found to have in vitro PTPase activity against
artificial substrates, whereas the distal phosphatase domain does not (Streuli et al., 1990;
Johnson et al., 1992). However deletion of the distal domain resulted in a complete loss of
catalytic PTPase activity, demonstrating that both domains are required for optimal function
(Streuli et al., 1990; Johnson et al., 1992).
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