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ABSTRACT

The CD8  molecule is a cell surface glycoprotein that is expressed 

predominantly on class I MHC-restricted I  cells. CD8  is expressed as a 

disulphide-linked ap heterodimer on the surface of thymocytes and peripheral 

I  cells. Much of the work establishing the role of CD8  as a coreceptor has 

concentrated on CD8 a, which interacts with the a3 region of MHC class I 

molecules and intracellularly with the protein tyrosine kinase p56lck. Recently 

an important role for the CD8 p chain in thymic development and antigen 

responsiveness has been suggested.

Previous biochemical analysis of the CD8 p chain has shown that there 

is a decrease in the sialylation of 0-linked sugars during I  cell maturation and 

on I  cell activation. The alteration in sialic acid levels is specific for the CD8 p 

chain, and is predicted to occur within the connective peptide region, between 

the external and transmembrane domains. Glycosylation analysis of the CD8  

complex from thymocytes and resting T cells show the 0-glycans have a core 

1 structure with sialic acid joined in the «2-6 linkage to galNAc. On activation 

the 0 -glycans appear to become hyposialylated and change their core 

structure, influenced by changes in the 0 -glycan biosynthetic pathway.

To examine the role of the connecting peptide region of CD8 p, 

transgenic CDSpa Hinge mice have been constructed with a hybrid molecule 

in which the connecting peptide region of CD8 p has been exchanged with the 

corresponding region of CD8 a. The transgenic mice were backcrossed onto 

the CD8 p knockout to allow the role of the hybrid molecule to be studied in the 

absence of the endogenous CD8 p molecule. The CD8 p«H transgenic mice 

show a partial block in T cell differentiation subsequent to the double positive 

stage in the thymus which results in reduced CD8  T cell numbers in the 

periphery. This phenotype seems to mirror the phenotype of the CD8 p



knockout suggesting the hybrid molecule was unable to restore CD8p function 

In these mice. Biochemical analysis of the transgenic mice shows the hinge 

region of the CDSpaH molecule Is more heavily glycosylated than either 

CD8P or CD8a.

Two additional polypeptides, of 14kD and 26kD molecular weight, were 

shown to associate with the CD8  complex. The 14kD molecule Is a novel 

polypeptide which associates with CD8  complex In thymocytes and resting T 

lymphocytes, but not activated T lymphocytes. The presence of the molecule 

was thought to be linked to the changes In glycosylation of CD8 p, but was 

found to co-preclpltate with the CD8  complex from CD8 p-deflclent mice, 

suggesting that It does not associate with CD8 p. The 26kD molecule was 

found only within the cell and was not present In CD8 p-deflclent mice. It Is 

thought that this novel polypeptide may be Involved In the developmentally 

regulated transport of CD8 , since In the absence of CD8 p and p26 a block In 

the cellular transport of CD8  was found with a build up of partially glycosylated 

precursors held In the ER.

These results suggest CD8 p has a role In T cell differentiation and that 

part of Its function may be mediated through the glycosylated hinge region, 

which may have a unique role within the TCR/MHC complex.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 T and B lymphocytes

Lymphocytes are responsible for the specific immune recognition of 

pathogens, and initiate the adaptive immune response. All lymphocytes are 

derived from bone marrow stem cells, but T lymphocytes then develop in the 

thymus, while B lymphocytes develop in the bone marrow. The recognition of 

foreign antigen is the essence of the adaptive immune response, and the B and 

I  cells have numerous transmembrane glycoproteins on the cell surface which 

allow them to carry out this function. In particular two distinct type of molecules 

are involved in this process, the immunoglobulins (Ig) on B cells and the T-cell 

receptor (TCR) on T cells. Diversity and heterogeneity are characteristic 

features of these two molecules and in both cases extensive gene 

rearrangements generate different immunoglobulins or TCRs allowing them to 

recognise many different antigens.

B cells have Ig molecules on their cell surface which act as antigen 

receptors (Cooper, 1987). The antigen receptors of a single B cell will be 

identical, allowing it to recognise only one antigen specificity. The binding of 

antigen to the receptor of an individual B cell leads to its activation and 

proliferation. Activated B cells mature into plasma cells which secrete large 

numbers of Ig (antibodies) molecules, which have the same specificity as the B 

cell, in a process known as clonal selection. This ensures the immune response 

is specific for the stimulating antigen and allows the Igs to bind directly to the 

antigen, neutralising its activity or triggering an immune response which will 

eliminate it.
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Unlike B cells, T cells recognise antigen In association with major 

histocompatlbllty complex (MHC) proteins (Davis and Bjorkman, 1988). The 

MHO proteins are highly polymorphic cell surface glycoproteins and bind 

peptide antigens which have been processed by the cell presenting them. T 

cells recognise these antigens In association with MHO proteins which Is known 

as MHC restriction. I  cells are also able to distinguish between antigens 

derived from self and foreign proteins and generate the required response due 

to selection processes during differentiation In the thymus. I  lymphocytes 

express large numbers of molecules on their cell surface, many of which can be 

used to differentiate different T cell populations. Two such molecules, CD4 and 

CD8 , are carried by two distinct T cell populations and also act as coreceptors 

In the binding of the TCR to MHC/antlgen complex.

The CD4 and CD8  glycoproteins are found on the surface of two distinct 

populations of peripheral T cells. Cells expressing the CD4 molecule on the cell 

surface are known as 'helper' T cells (Th) and those which carry the CD8  

glycoprotein are predominantly cytotoxic T cells (Tc). CD8  T cells recognise 

antigen In association with MHC class I molecules, and CD4 T cells recognise 

antigen In association with MHC class II molecules. This Influences the type of 

cells the T cell can Interact with. Class I restricted CD8  T cells detect 

endogenous antigen synthesised within the target cell (McMlchael et a i , 1983), 

such as viral proteins, and thus need to be able to Interact with any nucleated 

cell, all of which express class I on the cell surface. Class II restricted CD4 T 

cells detect exogenous antigen, endocytosed and processed by antigen 

presenting cells (APCs), such as macrophages, B cells and dendritic cells 

(Unanue, 1992), and only these cell populations will express class II on their 

cell surface.
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CD4 T cells can be divided Into two subpopulations depending on the 

cytokines they produce (Mosmann and Coffman, 1989), which help to direct the 

Immune response to the correct effector mechanism required. Thi cells release 

IL- 2  and IFNy which activate macrophages. Th2  cells release IL-4, IL-5, IL- 6  

and IL-10, which Increase production of eosinophils and mast cells, and 

activate B cells to become antibody producing plasma cells. Once established, 

the Thi and Th2  responses are able to suppress each other, since IFNy Inhibits

the proliferation of Th2 cells, and IL-10 reduces cytokine secretion from Thi 

cells. This helps to polarise the Immune response to a particular effector 

mechanism.

CDS T cells are Involved In the elimination of virus-lnfected and allogenic 

cells, and It Is therefore Important that they are MHC class I restricted, since 

class I proteins are expressed on all nucleated cells. When activated the Tc will 

destroy the target cell using one of two main modes of killing, Fas-medlated 

apoptosis or the perforin lytic mechanism. During Fas-medlated killing. Fas, a 

36kDa cell surface protein expressed on the the target cell. Interacts with Fas 

ligand (FasL) on the Tc triggering signalling pathways within the target cell 

Involving proteins such as FADD/MCRT1 (Fas-assoclated death domain; Boldin 

et al., 1995). This results In the activation of proteases, such as ICE 

(lnterleukln-1 converting enzyme)-llke proteases which cleave nucleoprotelns 

causing DNA fragmentation and apoptosis (van Parijs and Abbas, 1996). 

During the perforin lytic mechanism the Tc will degranulate, releasing perforin 

and enzymes Into the Immediate vicinity of the target cell. In the presence of 

Ca2+ there Is enzymatic polarisation of the perforin to form polyperforin 

channels on the target cell membrane. Degradatlve enzymes and other toxins 

released from the Tc will pass through these channels causing DNA 

fragmentation and lysis of the target cell (Podack at a/., 1991). These two 

mechanism are complementary and the activated Tc will utilize both for killing 

target cells.
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B and T lymphocytes are responsible for the specific immune recognition 

of pathogens, and the initiation of the adaptive immune response. The 

generation of an immune response is a complex process and depends on the 

specific lymphocytes making a series of responses resulting in their activation, 

proliferation and differentiation into effector cells. The mechanisms of 

lymphocyte activation have been studied in detail, but the function of many cell 

surface receptors and the signalling pathways that connect them to the nucleus, 

resulting in cellular proliferation and effector function, have yet to be fully 

understood.

1.2 The molecular basis of T cell antigen recognition

1.2.1 V(D)J recombination

The V(D)J recombination process is used for assembling 

immunoglobulin and TCR genes, allowing the generation of the required 

diversity in binding specificities. The TCRa, p, y and ô loci undergo gene 

rearrangement during lymphocyte development and have a similar organisation 

consisting of multiple variable (V), diversity (D, present only at p and ô loci) and 

joining (J) gene segments, which can be rearranged to form unique variable 

exons. The constant region Is encoded by a separate exon, and the [V-D-Jj-C 

structure of both TCRs and Igs is conserved although the precise number and 

organisation of the component gene segments vary greatly between loci and 

species (Schatz etal., 1992).

In the arrays of V, D and J segments, recombination is targeted by the 

recombination signal sequence (RSS) which lies at each end of the individual 

fragments of coding region. The RSSs consist of a conserved heptamer 

sequence and an PJT rich nonomer sequence separated by a nonconserved 1 2  

or 23 bp spacer (Tonegawa, 1983). The whole length of the sequence is
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important since joining can only take place between an RSS with a 12bp spacer 

and one with a 23bp spacer. At each locus the pattern of RSSs is identical with 

all the V regions joining RSSs with one length of spacer, and the D or J regions 

adjoining RSSs with the different length of spacer. Thus joining of V(D)J regions 

is directed towards making functionally useful genes (Lewis, 1994).

Recombination joins two coding sequences forming a coding joint which 

is retained within the chromosome. At the same time the RSSs join, heptamer 

to heptamer, forming a signal joint contained in a circular DNA molecule which 

is excised and lost from the cell. Signal joints are usually formed precisely by 

the fusion of heptamer sequences, with very few nucleotide insertions or 

deletions found. In contrast, the joining coding sequences is imprecise, with the 

loss or addition of 1-10 nucleotides common. This contributes to the potential 

diversity of the immune receptor repertoire, but also produces non-functional 

genes (Lewis etal., 1985; Lieber etal., 1988). It is not known how nucleotides 

are lost at coding joints, but is believed to be due to exonuclease activity (Lewis 

et al., 1985). Nucleotides can be added at coding junctions in two ways, 

templated and non-templated additions. Non-templated insertions are 

generated by the addition of 'N-nucleotides' (Landau etal., 1987) mediated by 

the enzyme terminal deoxynucleotidyl transferase (TdT). Templated insertions 

are the result of the addition of up to 3-4 nucleotides complementary to the last 

nucleotides of the coding sequence they join, called 'P-nucleotides' (Lafaille et 

al., 1989). These insertions arise from off-centre opening of coding end 

intermediates with a hairpin structure. The scid (severe combined 

immunodeficiency) mutation results in the addition of up to 1 2  P-nucleotides at 

coding joints (Schuler etal., 1991), although the precise relationship between 

the defective scid gene (DNA-dependent protein kinase (DNA-PK)) and V(D)J 

recombination has not yet been resolved (Gellert, 1997).
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Two recombination activating genes, RAG-1 and RAG-2 , activate the 

V(D)J recombination process during lymphocyte differentiation, and mice 

lacking either gene cannot rearrange Igs or TCRs and as a result lack T and B 

cells (Mombaorts et al., 1992; Shinkai et al., 1992). RAG-1 and RAG- 2  are 

generally only expressed in immature B and T cells and their expression 

correlates with V(D)J recombination during the rearrangement of the Ig and 

TCR genes. In the absence of either gene recombination is not initiated 

(Schlissel e ta l,  1993) suggesting the RAG proteins act at the first stage of 

recombination unaided and are believed to participate in the formation of a 

recombination complex that facilitates the rearrangement process (McMahan et 

al., 1997; Roman et al., 1997). The RAG proteins are sufficient for DNA 

recognition, nicking of the DNA and hairpin formation (McBlane et al., 1995; 

Hempel et al., 1998). The RAG proteins may also be involved in the later 

stages of V(D)J recombination (Ramsden etal., 1997), stimulating coding joint 

formation. Most mature B and T cells have no detectable V(D)J recombination 

and do not express RAG proteins to prevent the production of unselected 

receptor specificities, however a subset of mature germinal centre B cells do 

reexpress the RAG-1 and RAG-2 genes (Hikida et al., 1996). This is believed to 

be antigen driven, allowing the generation of new antigen receptor specificities 

to restore or enhance antigen binding (Han et al., 1997).

1.2.2 The TCR/CD3 complex

The TCR recognises antigen in association with MHC molecules, and 

this is central to the generation and regulation of an effective immune response 

by T cells (Figure 1 .1 ). The TCR was first identified and purified using anti- 

idiotypic antibodies raised against T cell tumours (Allison et al., 1982) or 

antigen specific T cell clones (Haskins et al., 1983). The initial TCR to be 

identified was a di-sulphide linked heterodimer composed of two chains named 

a and p, later a second TCR was isolated encoded by distinct genes and 

termed 7Ô (Winoto and Baltimore, 1989). The ap TCR is present on 95% of 

peripheral T cells, whereas only a minority of T cells express the alternative 7Ô
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form of the TCR and these I  cells preferentially accumulate in the epidermis 

and intestinal epithelium (Itohara etal., 1989; Haas and Tonegawa, 1992). The 

four TCR proteins are members of the immunoglobulin gene superfamily and in 

general consist of one constant domain, one variable domain, a 

transmembrane segment and a short cytoplasmic tail (up to 1 2  amino acids) 

which is insufficient to play a direct role in signal transduction. The variable 

domain is highly polymorphic and is found at the N-terminal end of the protein, 

distal to the cell membrane. The variable domains of the TCR form the binding 

site of the receptor and in general individual T cell will express TCRs with 

identical antigen specificity. The antigen specificity of the TCR varies between T 

cells, however the constant domain remains equivalent. The variable domain of 

the TCR is generated by recombination between V, D and J gene segments 

(Davis and Bjorkman, 1988; described in section 1 .2 .1 ).

The TCR is non-covalently associated with the CD3 complex, which 

consists of 3 pairs of di-sulphide linked molecules forming the signal tranducing 

element of the TCR. The CD3 complex was initially identified as a specific 

human T cell marker using monoclonal antibodies (Kung etal., 1979), and later 

characterised into five invariant components; y, ô, e, and ti (Ashwell and 

Klausner, 1990), which range from 16-28kDa in molecular weight. The CD3 y, ô 

and E chains are members of the immunoglobulin gene superfamily and are the 

products of three closely linked genes (Gold et al., 1987). They show strong 

homology in their amino acid sequences and are composed of an external 

domain, a hydrophobic transmembrane region and a highly conserved 

cytoplasmic tail of 47-79 amino acids (Altman et al., 1990). The yb£ 

polypeptides form one each of y -£  and ô - e  heterodimers in the complex 

(Koning etal., 1990). The CD3C and t] chains, generally known as TCRÇ and r\, 

are the products of a single gene and differ in the length of the C-terminal end 

due to alternative splicing of RNA (Weissman et al., 1988; Baniyash et al., 

1988). The TCR^ti gene is structurally unrelated to the COOyôE genes and
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found on a different chromosome (Klausner and Samelson, 1991). The ^ and t] 

chains are composed of a small extracellular domain of only about 9 amino 

acids, a transmembrane segment and a large cytoplasmic tail which is 112-113 

amino acids long in the TCRÇ protein. The Ç chain forms a di-sulphide linked 

homodimer, or a heterodimer with the r\ chain, with the majority of receptor 

complexes containing the ^ homodimer.

The CDS complex subunits possess cytoplasmic tails which contain 

conserved activation domains known as immunoreceptor tyrosine-based 

activation motifs, or ITAMSs (Reth, 1989; Gambler, 1995). ITAMs are pairs of 

the sequence YxxL/l (where Y is tyrosine, L is leucine, I is isoleucine and x is 

any amino acid), separated by six to eight intervening residues. The CD3y, ô 

and E chains contain one ITAM motif, but the extended cytoplasmic tail of CD3Ç 

has three motifs positioned in tandem. Protein tyrosine kinases activated by 

ligand binding of the TOR initiate TOR signalling by phosphorylating the 

tyrosine residues of the ITAMs (Letourner and Klausner, 1992). Two tyrosine 

kinases, p56ick (ick) and jp5Q^ (fyn), mediate ITAM phosphorylation in T cells 

(Straus and Weiss, 1992; Appleby etal., 1992), and the TCR/CD3 complex is 

associated with one of these kinases, fyn (Timson Gauen et al., 1992). ITAM 

phosphorylation allows the recruitment and activation of signal transducing 

molecules, such as ZAP-70 (van Oers and Weiss, 1995), which relay the signal 

to appropriate downstream effector pathways (Weiss, 1993). This will be 

discussed in further detail in section 1.3.

1.2.3 The MHC molecules and antigen presentation

The genetic loci involved in the recognition of foreign protein form a 

region known as the major histocompatibility complex (MHC), which produce 

highly polymorphic cell surface glycoproteins. These molecules, known as the 

MHC antigens, were originally characterised due to their involvement in
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rejection using alloantibodies produced in one inbred strain of mice immunised 

with cells of other strains differing only at the MHC loci. Three classes have 

been identified as encoding within the MHC loci (Trowsdale etal., 1991). MHC 

class I and class II molecules represent separate structural proteins and 

although multiple class I and class II genes exist within the MHC, the products 

have the same overall structure. In contrast, the class III region encodes a 

diverse collection of over 2 0  genes which have no established functional or 

structural similarities, and include genes for complement components.

The class I MHC protein is composed of a glycosylated transmembrane 

heavy chain of 45kDa, a non-covalently associated 12kDa polypeptide known 

as p2 -microglobulin (p2 -m) and a short peptide usually of 8 - 1 0  amino acids. 

The heavy chain consists of three 90 residue extracellular domains (a1 (N- 

terminal), a2  and a3), a transmembrane region and a hydrophobic 30-40 

residue cytoplasmic tail (Bjorkman etal., 1987; Bjorkman and Parham, 1990). 

p2 -m is a non-polymorphic protein (dimorphic in mice due to a single amino 

acid change at position 85) and has the structure of an Ig constant domain. The 

crystal structure of many class I/peptide complexes have been solved and show 

a long groove that separates two antiparallel a  helices of the a1 and a2 

domains which overlay a platform of antiparallel p-strands, which form the 

peptide binding groove (Fremont et al., 1992). Variations in the amino acids 

which line the groove produce side-chain differences between MHC molecules, 

giving rise to dramatic changes in the shape of the groove by forming ridges 

and pockets which influence the range of peptides that it will bind (Sevilir etal., 

1992). Two or three anchor residues in the bound peptide fit into these pockets 

and are restricted to a very narrow range of amino acids, leading to a particular 

binding motif for each MHC allele.

MHC class I molecules are expressed on the surface of all nucleated 

cells and the correct assembly of the MHC class I/peptide complex is required
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for stable cell surface expression. Assembly occurs within the rough 

endoplasmic reticulum (rER) of the cell, where the MHC class I heavy chains 

and p2-m form dimers. Endogenous peptides presented by the class I 

molecules are predominantly generated In the cytosol by cytoplasmic proteases 

prior to the transport of the peptides Into the rER (Goldberg and Rock, 1992). 

The main protease Is the proteasome, a multlsubunit ATP-dependent protease 

which has a major role In the turnover of cytosolic proteins (Rock et al., 1994). 

Cytosolic protein degradation Is highly specific to prevent destruction of 

essential self-proteins, and the most clearly understood mechanism of 

degradation Involves the conjugation of ubiqultin to Internal lyclne residues of 

targeted proteins (Clechanover, 1994). These form polyublqultin chains which 

unfold the target protein and act as recognition elements for cytosolic 

proteasome complexes (Hochstrasser, 1996). The peptides are transported Into 

the ER by the transporter associated with antigen processing (TAP), a 

heterodlmeric member of the ATP-blndIng cassette (ABC) family of 

transporters. The MHC class l/p2 -m dimers physically associate with TAP, and 

bind peptides which can fulfil the steric requirements of the peptide groove. The 

fully assembled complex Is then released from TAP and transported to the cell 

surface via the Golgl complex (Pamer and Cresswell, 1998). Unassembled 

MHC class I molecules or misfolded proteins are not transported to the cell 

membrane and are degraded In the ER (Hammond and Helenlus, 1995).

MHC class II proteins are heterodimers of a heavy 30-34kDa a  chain 

and a light 26-29kDa p chain. The a  and p chains have the same overall 

structure comprised of two extracellular domains (a1 and a2, or p i and p2 ) 

connected by a short sequence to a 30 residue transmembrane region and a 

10-15 residue cytoplasmic tall (Brown at a!., 1993). A peptide binding groove, 

similar to the structure found on class I MHC, Is formed by the a1 and pi

domains and the structural polymorphisms of the two chains are concentrated 

around this groove.
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MHC class II molecules are expressed on the surface of antigen 

presenting cells (APCs), such as macrophages, B cells and dendritic cells, 

which present predominantly exogenously processed antigen (Guillet et a i, 

1986). Class II molecules are also synthesised within the rER and are 

assembled as a complex with an addition polypeptide known as the invariant 

chain (li), which prevents the binding of peptides derived from endogenous 

antigens in the rER (Roche and Cresswell, 1990). This complex is transported 

from the rER to the Golgi compartment, but instead of being transported directly 

to the cell surface, the MHC class II complex is diverted into a acidic lysosomal 

compartment known as the class ll-containing vesicles. In this compartment 

dissociation of CLIP (peptide derived from li) occurs and peptide is loaded. 

Exogenous antigens are taken up by APCs in a process known as endocytosis 

and move through the endocytic pathway being processed by proteases, such 

as Cathepsins B and D, ready for presentation (Tanaka e ta i, 1997). The MHC 

class II complex reaches the peptides in the acidic compartment and is 

digested by the protease Cathepsin S, resulting in the formation of the ap-CLIP 

complex consisting of the MHC class II a and p chains and a peptide derived 

from li called CLIP (Riese etal., 1996). When peptide loading is ready to occur, 

CLIP is removed from the MHC class II molecule and is replaced by an 

antigenic peptide in a process catalysed by an MHC class ll-like molecule HLA- 

DM (Sherman eta i, 1995) or H2-M in the mouse. Mice deficient for H2-M were 

found to have normal amounts of class II molecules on the cell surface, but 

most of these were found to associate with CLIP peptides (Fung-Leung et ai, 

1996). This suggests H2-M may function to facilitate the removal of CLIP from 

the class II dimer, allowing immunogenic peptides to bind. The peptide 

exchange creates a stable class II molecule which can then be transported to 

the cell surface (Lanzavecchia eta i, 1992).
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1.2.4 The CD4 and CD8 glycoproteins

Peripheral T cells can be divided into two subpopulations by the 

expression of two cell surface glycoproteins CD4 and CD8 (Swain, 1983). 

Helper I  cells express CD4 and recognise exogenously derived peptide in 

association with class II MHC molecules, whereas cytotoxic I  cells express 

CD8 and recognise endogenously derived peptides in association with MHC 

class I molecules. Both CD4 and CD8 associate with the protein tyrosine kinase 

p56'ck (Ick) and form part of the recognition complex of the ICR. They bind to 

the MHC molecules in conjunction with the ICR (Figure 1.1) and bring Ick into 

the signalling complex, acting as coreceptors (Fames, 1989). The CD4 and 

CD8 coreceptors are involved in both the differentiation and commitment of T 

cells to either a helper or cytotoxic phenotype in the thymus, and the activation 

of T cells in the periphery.

CD4 and CD8 are both transmembrane glycoproteins and members of 

the immunoglobulin gene superfamily, but have few structural similarities 

despite having a similar coreceptor function. Murine CD4 is a single polypeptide 

with a molecular weight of 55kDa, expressed as a monomer on the cell surface. 

It is folded into 4 external Ig-like domains (D1-D4) and has a hydrophobic 

transmembrane segment and a highly basic and conserved cytoplasmic tail 

(Maddon eta i, 1985; Fames, 1989). The D1 and D2 domains, distal to the cell 

membrane, have been shown to interact with a negatively charged loop that 

protrudes from the membrane proximal p2 domain of the MHC class II molecule 

(Konig et a/., 1992). In contrast, CD8 is a di-sulphide bonded heterodimer 

composed of two chains, a 38kDa CD8a chain (Lyt-2) and a 30kDa CD8p chain 

(Lyt-3). Both chains consist of a single amino-terminal external domain that is 

homologous to the V region of Ig, an extended and highly glycosylated hinge 

region which contains two cysteine residues close to the cell membrane which 

form the disulphide bonds, a hydrophobic transmembrane segment and a
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highly basic cytoplasmic tail (Fames, 1989). The extracellular domain of CDBa 

has been shown to interact with the a3 portion of the MHC class I molecule 

(Salter etal., 1990).

The CDBa gene encodes two polypeptide chains, CDBa and CDBa', 

which are generated by a process of alternative splicing of mRNA producing 

two polypeptides, CDBa which is encoded by the full length gene and the 

tailless CDBa' which lacks the cytoplasmic domain (Zamoyska et a!., 19B5; 

Tagawa et a!., 19B6). In thymocyte populations the amounts of CDBa and 

CDBa' on the cell surface are about equal, but in peripheral T cells from the 

spleen or lymph node very little CDBa' is detectable on the cell surface although 

it is found intracellularly (Zamoyska and Fames, 19BB). Although CDB can form 

CDBaa homodimers, the majority of CDB molecules on the cell surface of MHC 

class I restricted T cells is in the CD Bap heterodimer form. Specific 

subpopulations of intestinal yb T cells and natural killer cells express exclusively 

the CDBaa homodimer, but these cells are not MHC restricted suggesting 

CDBp may have a unique role in the differentiation or function of MHC class I 

restricted T cells. In addition unlike CDBa, the CDBp chain can only be 

transported to the cell surface in the heterodimer form (Gorman etal., 19BB).

CD4 has four external domains and extends approximately 130À 

allowing it to interact with the p2 domain of the class II MHC molecule (Figure 

1.1). For the CDB molecule to bind to the membrane proximal a3 domain of the 

MHC class I molecule, the hinge region would need to adopt an extended 

structure since the Ig-like domain is only approximately 35Â (Zamoyska, 1994). 

The hinge region of CDBa is 45 amino acids long and is highly 0-glycosylated 

and contains numerous proline residues. These features are characteristic of 

extended structures, helping to stabilise the extended conformation and protect 

from proteolysis. An extended hinge region would allow CDBa to bind to the 

MHC molecule, and would suggest that the 0-glycosylated CDBp hinge region
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is also extended since it has recently been shown to interact with MHC class I 

via its external Ig-like domain (Wheeler et ai, 1998), although the precise 

residues of MHC contacted are not yet known.

The binding sites of CD4 and CDBa on the MHC molecule is separate 

from the peptide binding domain contacted by the ICR. This implies a single 

MHC molecule can be bound by both the TCR and CD4 or CDB coreceptor, 

potentially increasing the overall avidity of the interaction. There are indications 

that, although the CDB heterodimer and homodimer have similar affinity for 

MHC, the heterodimer has a more significant effect in influencing the binding of 

the TCR to MHC (Garcia e ta i, 1996; Renard e ta i, 1996). The two N-terminal 

domains of CD4 contact the MHC class II molecule, while the two membrane 

proximal domains of CD4 have been shown to contact the TCR (Saizawa et ai, 

19B7). No such interaction with the TCR/CD3 complex has been reported for 

CDB, although it has been suggested that CDBp may be able to interact with 

the TCR without MHC involvement (Kwan Lim et a i, 199B; Wheeler et ai, 

199B), which may account for the enhanced binding of the TCR to MHC in the 

presence of the CDBap heterodimer. If this is true, the hinge region of CDBp 

would be the most likely region to be mediating this interaction since the Ig-like 

domain has been shown to bind with the MHC molecule (Wheeler et ai, 199B).

The cytoplasmic domains of CD4 and CDBa associate with the protein 

tyrosine kinase p5 6 'ck (ick) through a common CXCP motif (Shaw eta i, 1990). 

The cytoplasmic domain of CDBp does not contain this motif and has been 

shown not to interact with Ick (Zamoyska e ta i, 19B9), although it can regulate 

and enhance the CDBa-associated Ick kinase activity (Yoko I he e ta i, 199B). 

Antibody cross-linking of the TCR with either CD4 or CDB leads to Ick-mediated 

tyrosine phosphorylation of intracellular substrates (Gilliland et ai, 1991), 

including the ITAMs of the TCR^ chain (Veillette et ai, 19BB), and enhanced 

Ca2+ mobilization (Ledbetter eta i, 19BB) and cellular proliferation (Eichmann et
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al., 1989). This suggests that CD4 and CDB can potentiate the activation 

signals delivered through the TCR, by physically associating with the same 

MHC ligand as the TCR potentially increasing the avidity of the interaction, and 

bringing Ick in the complex allowing signal transduction.

1.2.5 Other accessory molecules

It has been suggested that activation of a T cell following recognition of 

antigen may be regulated by a number of accessory molecules, including 

CD45, CD2, CD28, CTLA4 (Springer, 1990) and CD43. These molecules either 

increase the avidity of the interaction between the T cell and the target cell, 

play a role in signal transduction or have a negative regulatory effect on T cell 

activation.

1.2.5.1 CD45 molecule

CD45, also known as the leukocyte common antigen, is a 

transmembrane protein tyrosine phosphatase (PTPase) found on all nucleated 

haemopoietic cells. The protein consists of a single variable ectodomain, a 

transmembrane region and a constant cytoplasmic tail containing two tyrosine 

specific phosphatase domains in tandem (Tonks etal., 1989). The ectodomain 

is N- and 0-glycosylated and contains multiple helix-breaking amino acids, 

suggesting a rod-like structure (Neel, 1997). The overall structure of the 

ectodomain is conserved across species, although the primary sequence is not, 

which has led to suggestions that the 0-linked sugars may be important for its 

ligand interactions (Okumura etal., 1996).

Up to eight isoforms of CD45 exist due to alternative splicing of three of 

its ectodomain exons (Exons 4, 5 and 6; Trowbridge and Thomas, 1994), this 

combined with variation in the level of glycosylation gives rise to CD45 proteins
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with a range of molecular weights between 180-220kDa. The isoforms are 

expressed on different cell lineages and their expression is highly regulated 

during lymphoid development and activation (Neel, 1997), suggesting distinct 

functions for the various isoforms. The isoforms are believed to regulate the 

actions of the cytoplasmic domain, and may interact with different ligands to 

regulate TCR signalling, but no ligands have yet been identified (Frearson and 

Alexander, 1996).

The cytoplasmic domain of CD45 contains two FTP domains, which 

account for all of CD45's enzymatic activity. The substrates for the RTFs 

activity are thought to be the protein tyrosine kinases Ick and fyn, which are 

associated with the CD4 and CDS coreceptors and the TCR, and are involved 

in the phosphorylation of the ITAM motifs of the TCRÇ chain. The 

transmembrane domain of CD45 mediates the interaction between CD45 and 

at least one associated protein, CD45AF (CD45 associated protein; Kitamur et 

a!., 1995). The exact function of this molecule is not known, but a weak 

interaction has been found between CD45AF and Ick suggesting it may allow a 

relative preference of CD45 for Ick over fyn (Neel, 1997).

Production of CD45-null cell lines has shown that expression of CD45 is 

required for transmembrane signal transduction upon triggering of the TCR 

(Weaver et al., 1991). The differentiation of CD4 and CDS T cells in CD45 

knockout mice is inhibited with a 90% reduction in the numbers of mature T 

cells in the periphery, suggesting CD45 is critical to mediate differentiation 

signals in the thymus. Since the block in T cell differentiation is incomplete, it 

suggests that not all signalling pathways are disrupted, although it appears that 

the TCR is uncoupled from signalling pathways involving increases in tyrosine 

phosphorylation and intracellular calcium (Trowbridge and Thomas, 1994).
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1.2.5.2 CD2 molecule

CD2 is a SOkDa transmembrane glycoprotein and a member of the 

immunoglobulin gene superfamily. It is present on thymocytes and peripheral T 

cells and consists of two external Ig-like domains joined by a highly conserved 

linker region which has been shown to influence the orientation and flexibility of 

the variable domain (Jones etal., 1992). The overall length of the extracellular 

portion of the molecule is increased by the presence of the linker region and a 

membrane proximal stalk region which has an extended conformation and is 

also highly conserved (Tavernor et a!., 1994). The CD2 molecule also has a 

transmembrane segment and a highly conserved cytoplasmic tail, with proline 

rich regions which resemble src-homology 3 (SH3) domain binding sites. CD2 

has been reported to interact with several transmembrane glycoproteins 

including TCR/CD3, CD4, CD8 and CD45, some of which are associated with 

cytoplasmic proteins such as Ick and fyn which contain SH3 domains (Beyers et 

a!., 1992; Schraven etal., 1990).

The CD58 (leukocyte function-associated molecule 3 (LFA-3)) is the 

ligand for human CD2 and is widely expressed both on haematopoietic and 

nonhaematopoietic cells (Smith and Thomas, 1990). In rodents the structurally 

related CD48 has been identified as a CD2 ligand (Kato etal., 1992; van der 

Merwe et al., 1993). CD2 is thought to enhance T cell antigen recognition by 

mediating T cell adhesion, since the CD2-ligand complex has similar 

dimensions to the TCR/MHC complex, and may also have a function in signal 

transduction (Davis and van der Merwe, 1996). A recent study has suggested 

that ligand engagement of CD2 initiates a process of protein segregation, CD2 

clustering, and cytoskeletal polarization (Dustin etal., 1998). The clustering and 

polarisation of CD2 requires the cytoplasmic domain of the molecule, which 

was found to bind to a novel SH3-containing protein called the CD2-associated 

protein (CD2AP). This appears to be important for the recruitment and
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exclusion of specific proteins from the contact area between a T cell and an 

antigen presenting cell and will be discussed in more detail in section 1.3.

1.2.5.3 CD28 and CTLA4 molecules

CD28 and CTLA4 are members of the immunoglobulin gene superfamily 

and are structurally homologous, although they have limited sequence 

similarities. CD28 is a 44kDa homodimer expressed on all peripheral T cells 

(Gross etal., 1992) as well as plasma cells and NK cells (Nandi etal., 1994). 

GTLA4 is not present on resting T cells, but can be detected on activated T 

cells in both monomeric and di-sulphide linked homodimeric forms (Hathcock 

and Jones, 1996). Both molecules are composed of a single Ig V-like 

extracellular domain, a single transmembrane region and a cytoplasmic tail 

which contains a consensus sequence for phosphoinositide (PI)-3 kinase 

binding (Harper et al., 1991). 87-1 and 87-2 are the ligands for CD28 and 

CTLA4 , and are expressed at low levels on all 8 cells, T cells, dendritic cells, 

macrophages and monocytes, with expression dramatically increased following 

activation.

The binding of CD28 to its ligand in conjunction with a TCR signal acts 

as a costimulatory signal, leading to the increased tyrosine phosphorylation of 

many intercellular substrates and activation of PI-3 kinase (Hutchcroft and 

Bierer, 1994). CD28 costimulation has been shown to be important in the 

production of cytokines by activated T cells (Harlan et al., 1995), including IL-2 

and IFNy produced by Thi cells, and IL-4, IL-5 and IL-6 produced by Th2 cells. 

It has also been shown to stimulate the production of antiapoptotic proteins, 

including bcl-xL, and growth factor receptors such as the IL-2 receptor, 

contributing to clonal expansion ,as well as up regulating the CD40 ligand 

permitting T-cell help for 8 cells (McAdams et al., 1998).
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Unlike CD28, CTLA4 acts as a negative regulator, and CTLA4 signalling 

results in dephosphorylation of TCR-associated kinases, cell cycle arrest of 

activated T cells in G0/G1 and blocking of CD28-dependent IL-2 production 

(McAdams et al., 1998).On activation CTLA4 is rapidly expressed and 

competes with CD28 for B7 binding, producing a balance between CD28- 

mediated T cell activation and CTLA4-mediated inhibition. As CD28 is down 

regulated after ligation with B7, the proportion of CTLA4 on the cell surface 

compared to CD28 will increase, and may be a key regulator in the down 

regulation of responding T cells.

1.2.5.4 CD43 molecule

CD43, also known as leukosialin, is a heavily 0-glycosylated 

transmembrane protein present on the cell surface of T cells and other 

haematopoietic cells. Its precise function is not known, but the presence of 

approximately 80 sialylated 0-linked sugars give it a high density of negative 

charge, impeding cell-cell contact and therefore effective antigen engagement. 

The complexity and level of sialylation of the 0-linked sugars vary depending 

on the activation state of the cell, and are thought to act as a steric barrier to 

intercellular interactions (Brown etal., 1981). Recent studies have shown that 

CD43 acts as a negative regulator of T cell activation (Thurman etal., 1998), 

however antibody cross-linking of CD43 leads to increased proliferation of T 

cells, due to the loss of surface CD43 expression (Bazil and Strominger, 1993; 

Remold-O'Donnell and Parent, 1994). The loss of surface CD43 expression is 

thought to be the result of proteolytic cleavage of the extracellular domain. This 

suggests CD43 is involved in the negative regulation of cellular adhesion and 

acts at an early stage of T cell activation.
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1.3 T cell activation and signal transduction

To initiate an immune response the TCR on the surface of CD4 or CD8 T 

cells must bind to the MHC class II or class I/peptide complex, which initiates a 

signalling cascade inside the cell. While the intracellular signalling events in T 

cells are well studied, the initial molecular events that allow this process, known 

as TCR triggering’, to occur are poorly understood. Crosslinking of TCR 

complexes can cause T cell activation, suggesting receptor clustering is 

required to form an effective signalling unit. Recently ligand-driven formation of 

TCR clusters were found to be required for effective T cell activation, whereas 

binding of a single TCR was non-stimulatory (Boniface et al., 1998). Initial 

contacts between T cells and target cells will be mediated by conventional cell 

adhesion molecules, such as LFA-1 and ICAM-1 (Springer, 1990), but these will 

not give the close interaction between the cell membranes required for 

TCR/MHC interaction.

The TCR is a relatively small molecule compared to other cell surface 

protein, such as CD43 and CD45, and these larger molecules will hinder TCR 

engagement with the MHC/peptide complex. This implies that reorganisation of 

proteins at the contact site between the T cell and the target cell must occur to 

allow the TCR and MHC molecules to interact (Shaw and Dustin, 1997), forcing 

CD43 and CD45 outside the area of TCR interaction. CD43, a negative 

regulator of T cell adhesion, is also believed to be cleaved from the cell surface 

upon ligation (Bazil and Strominger, 1993)aiding cell contacts. The TCR has a 

relatively low affinity for its ligand, suggesting that other cell to cell interactions 

must occur to bring the cell membranes into close contact, and permit the TCRs 

to cluster together so low affinity interactions and the signal transduction can 

occur. One such molecule is CD2 on the T cell and its ligand CD58 (or CD48) 

on the target cell (Davis and van der Merwe, 1996), which have similar 

dimensions to the TCR/MHC complex and will bring the cell membranes close
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together positioning them at the optimal distance for TCR/MHC interaction 

(Dustin et al., 1996). I  cell activation allows a novel SH3-containing protein, 

called CD2AP, to bind to the cytoplasmic domain of CD2 allowing CD2 

clustering and T-cell polarization (Dustin et al., 1998). T cell polarization is 

characterised by the movement of the Golgi complex and microtubule- 

organizing centre (MTOC) to a region of the cytoplasm just adjacent to the area 

of contact, allowing cytotoxic agents and cytokines to be focused directly at the 

adjacent cell. It has been suggested the weak association between CD2 and 

the TCR/CD3 complex may act to increase the density of the TCR complex in 

the contact zone, optimising the chance of interaction with MHC. Once the TCR 

is interacting with MHC, the coreceptors, CD4 and CDB, would be able to 

associate with the complex, stabilising the TCR/MHC interaction and 

introducing Ick into the complex allowing signalling events to occur. The co

receptors may also play a role in clustering the TCR complexes together, since 

CDB multimers formed between free cysteine residues in the hinge region have 

been described (Snow and Terhorst, 19B3) and CD4 dimers can be formed (Wu 

and Kwong, 1997).

Engagement of the TCR on mature T cells initiates multiple intracellular 

signals which lead to cellular proliferation and the acquisition of complex 

effector functions. An extensive highly regulated pathway of downstream 

signalling molecules is present, and subtle changes in the composition of 

signalling will have a profound effect on cellular responses. The precise 

sequence of signal transduction events from the TCR complex is still under 

investigation, but a central role is played by tyrosine kinases and the resulting 

tyrosine phosphorylation of substrate molecules. The TCR is associated with 

the protein tyrosine kinase fyn, and the coreceptors CD4 and CDB interact with 

Ick. The PTPase activity of CD45 appears to maintain pools of activated 

coreceptor-associated Ick and TCR-associated fyn (Frearson and Alexander, 

1996) although the weak interaction of CD45AP with Ick may indicate a
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preference of CD45 for Ick over fyn. When the TCR and coreceptors engage 

with the MHC/peptide complex, fyn and Ick phosphorylate the ITAM motifs of 

TCR^ allowing the recruitment and binding of ZAP-70 (Wange and Samelson, 

1996). ZAP-70 is a sy/f-family tyrosine kinase which binds to the 

phosphorylated ITAMs of TCRÇ via its tandem SH2  domains. This binding 

activates ZAP-70 and allows the phosphorylation of multiple substrates involves 

in critical signalling events, including SLP-76 (Wardenburg et al., 1996), vav 

and SHP-1 (Wange and Samelson, 1996).

Recent models have suggested two independent signals may be 

required for T cell activation. The TCR provides the first signal and the second 

signal is provided by a costimulator molecule, such as CD28 (Hathcock and 

Hodes, 1996). CD28 may contributing an adhesive force by binding to its ligand 

B7, but also stimulates the up regulation of the CD40 ligand permitting T cell 

help for B cells as well as the activation of a specific mitogen-activated protein 

(MAP) kinase, JNK, which is required for the induction of cytokine gene 

transcription (Su et al., 1994). CD28 signalling requires coengagement of the 

TCR and cannot signal independently, and may contribute to T cell clonal 

expansion and differentiation by stimulating the production of antiapoptotic 

proteins such as bcl-xL.

1.4 T Cell differentiation

T cell precursors migrate from the bone marrow to the thymus where 

they differentiate into mature T cells, which then enter the periphery. Most 

mature T cells are un reactive to self antigens but respond to foreign antigenic 

peptides bound to self MHC molecules. This is due to a combination of 

selection events during intrathymic maturation. The overall process of T cell 

development can be summarised using a developmental pathway based upon 

the expression of CD4 and CD8  (Figure 1.2), which divide thymocytes into four
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main subsets; the CD4-CD8- double negatives (DN), the CD4+CD8+ double 

positives (DP), the CD4 single positives (CD4 SP) and the CD8  single positives 

(CD8  SP).

Immature T cells enter the thymus as DN T cells, this is the earliest 

subset and the cells are mostly negative for the TCR complex but are in the 

process of rearranging the TGRp genes. The DN population can be further 

subdivided into stages defined by the cell surface expression of differentiation 

markers, such as CD25 and CD44, but require the expression of the pre-TCR 

to leave the DN stage and progress to the DP stage. The pre-TCR is formed by 

the association of the TCRp chain with an invariant pre-TCR a chain (pTa). The 

pTa is a 33kDa transmembrane protein consisting of a single Ig-like domain, a 

hydrophobic transmembrane region and a cytoplasmic tail of about 30 amino 

acids (Rodewald and Fehling, 1998). The pre-TCR contains the pTa di-sulphide 

linked to TCRp and is associated with the CD3 complex, but unlike the TCRap 

complex does not appear to require CD36 for function (Berger et al., 1997).

In mice deficient for pTo, and thus unable to express the pre-TCR, very 

few DP cells are generated and among these, a smaller proportion of cells 

express the TCRap on the cell surface (Fehling et al., 1995). This suggests 

expression of pTa is required for commitment to the ap T lineage, and may also 

affect the transition of ap T cells to the DP stage. This is backed up by the 

observation that 7Ô T cells are able to undergo the transition to the DP stage in 

these mice and are unaffected by the loss of pTa. pTa has been shown to be 

involved in the selection of productive TCRp genes and in TCRp allelic 

exclusion (von Boehmer et al., 1998), and part of its function is mediated 

through the cytoplasmic tail. This was shown by introducing a tailess pTa 

transgene into pTa° mice. The tailess pTa was able to restore TCRp selection 

but could only partially restore DP cell numbers (Fehling et al., 1997). If a pre- 

TCR cannot be expressed because the TCRp locus is unable to undergo gene
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rearrangement, such as In the absence of the RAG proteins (Figure 1 .2 ), the 

thymocytes are unable to progress to the DP stage and remain as DN cells 

(Mombaerts et al., 1992; Shinkai et al., 1992). DP cells with a productive TCRp 

gene undergo extensive expansion and subsequently rearrange the TCR a  

locus, before undergoing several selection processes.

Selection of T cells occurs at the DP thymocyte stage to remove self

reactive T cell, and the fate of thymocytes is mainly determined by the TCR. T 

cells producing a TCR with a high affinity for self-peptide/MHC will die by 

apoptosis during negative selection (Nossal, 1994), while T cells which fail to 

produce a TCR or produce one with a very low reactivity to self MHC die by 

neglect. Positive selection rescues T cells which have a TCR which can 

recognise self MHC but are not overtly reactive, although the precise conditions 

which allow positive selection are not yet understood (Jameson and Sevan, 

1998; von Boehmer, 1994). Positive selection can be converted into negative 

selection by changing the affinity/avidity of the TCR interaction with ligands in 

the thymus, such as overexpression of CDB (Robey etal., 1992).

After or during positive selection, the thymocytes must decide whether to 

become a CD4 or CDB T cell in a process known as lineage commitment. This 

results in expression of one of the coreceptors being suppressed in such a way 

that the MHC binding specificity of the cell almost always matches the 

coreceptor expressed. These cells are known as single positives (SP) 

thymocytes, and upregulate the expression of the TCR and leave the thymus as 

functional CD4 and CDB T cells. TCR engagement with MHC is required for 

progression to the SP stage and in the absence of either class of MHC 

molecule, functional T cells with that MHC-restriction cannot be produced 

(Figure 1 .2 ). Hence mice deficient for class II cannot produce CD4 T cells 

(Grusby et al., 1991; Gosgrove et al., 1991) and mice deficient for class I 

expression, by disruption of the p2M gene, cannot produce CDB T cells (Zijistra
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et a i, 1990). When both MHC class I and class II are deficient thymocytes 

remain at the DP stage and cannot differentiate to become mature T cells 

(Grusby etal., 1993), showing expression of MHC molecules is crucial for T cell 

selection and maturation.

Although TCR engagement in the thymus is important for selection, CD4 

and CDS have also been shown to play a significant role during I  cell 

differentiation. CD4 deficient mice have impaired differentiation of MHC class II 

restricted T cells (Locksley et a/., 1993). Recently these mice were found to 

have compromised Th2 development, whereas Thi differentiation occurred but 

produced fewer cells (Fowell et a/., 1997), suggesting a role for CD4 in 

influencing Th subset differentiation which may be mediated through its 

interaction with Ick (Yamashita et al., 1998). Thi differentiation appears to 

require activation of the JNK MAP kinase signalling pathway (Yang et al., 

1998), perhaps via costimulatory signals through CD28. This suggests 

differences in coreceptor and accessory molecule engagement in the thymus 

may have an important role during selection and lineage commitment. This is 

also true for differentiation of CD8 T cells, since mice deficient for CD8a, and 

therefore lacking the CD8  complex on the cell surface, do not differentiate 

functional MHC class I restricted T cells (Bachmann etal., 1995). Mice deficient 

for the CD8a chain expressing an MHC class I restricted transgenic TCR could 

generate thymocytes committed to the CD8  lineage but only in the presence of 

a specific agonist ligand (Goldrath et al., 1997), implying the function of the 

coreceptor is important but not essential and does not provide a unique signal 

required for T cell development. Mice deficient for CD8p express CD8aa 

homodimers on the cell surface and show defective thymocyte differentiation 

with an 80% reduction in mature CD8 T cell numbers. The reduced CD8 T cell 

numbers was found to be due to defects in both positive and negative selection 

(Crooks and Littman, 1994). The presence of CD8 p may not contribute 

specifically to the affinity of CD8  for MHC but has been shown to enhance
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CDS a associated Ick activity (Yoko Irie et al., 1998 ) and may broaden the 

repertoire of TCRs which can be selected. The coreceptors both associate with 

Ick, but CD4 is known to associate with more Ick than CDS and this implies 

when a TCR interacts with MHC and CD4, it will give a stronger Ick signal 

compared to CDB. Differences in signal strength from the TCR may influence 

downstream signalling events, or may more efficiently activate different 

signalling pathways resulting in commitment to either the CD4 or CDB lineage. 

As well as the coreceptors many accessory molecules, such as CD45 

(Frearson and Alexander, 1996), have been implicated in the selection 

procedure. This suggests that avidity/affinity interactions between cells and the 

resulting activation of various signalling pathways are involved in the 

differentiation of T cells, although the precise conditions which allow positive 

selection and commitment to a particular T cell subset have yet to be isolated.

1.5 Modification of T ceii surface proteins by giycosyiation

N- and 0-linked glycosylation has many biological roles in the cell and 

has been implicated in protein function and regulation. Structurally the sugars 

help to initiate the correct folding of proteins in the ER and allow them to 

maintain the correct conformation within the cell. If the glycosylation of a protein 

is incorrect, the protein may fail to fold correctly and be unable to exit the ER, 

resulting in degradation (Suzuki etal., 1995). The glycosylation can often affect 

the intracellular trafficking of protein throught the cell, allowing cell surface 

expression or retention in the Golgi complex (Gleeson et al., 1994). The O- 

glycans of membrane proteins, such as CDB, are often clustered together over 

short stretches of protein, rigidifying areas and forcing functional globular 

domains away from the membrane, allowing them to interact with their ligands 

(Hounsell et al., 1996), or can act as ligands themselves to enhance protein 

interactions or cell-cell adhesion.
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The glycans of cell surface proteins can be separated into two distinct 

groups. The asparagine-linked glycans, or N-linked sugars, contain an N- 

acetylglucosamine residue at the reducing termini and are linked to the amine 

group of an asparagine residue. The mucin type glycans, or 0-linked sugars 

generally contain an N-acetylgalactosamine residue at the reducing termini and 

are linked to the hydroxyl group of a serine or threonine residue.

N-linked glycans contain a trimannosyl core and can be classified into 

three subgroups; complex, high-mannose or hybrid, according to the structure 

and location of glycan residues added to this core. The outer chains of complex 

N-glycans have no additional mannose residues than those in the core, and 

have N-acetylglucosamine residues and often terminal sialic acid residues. 

High mannose N-glycans have outer chains which contain only a-mannose

residues, and hybrid N-glycans have outer chains with characteristics of both 

complex and high mannose type glycans. The biosynthesis of N-glycans occurs 

in the rER with the co-translational transfer of a large oligosaccharide to the N- 

linked glycosylation site of a protein, Asn - X - Ser/Thr (where Asn is 

asparagine, Ser is serine, Thr is threonine and X is any amino acid except 

proline). The sugar is then processed and the glycoprotein enters the Golgi 

complex where synthesis of all complex and hybrid N-glycans occurs. The key 

enzyme for conversion of high mannose to complex N-glycans is GlcNAc- 

transferase 1 , which is present in the medial Golgi. with terminal sialic acid 

residues being added in the trans-Golgi.

0 -linked glycans have fewer structural rules and have no common core 

structure, but are widely found on serum and cell membrane glycoproteins. 

They are categorised into eight groups according to the core region sequences 

they contain (Hounsell etal., 1996), and the core structures can be elongated to 

form backbone residues by the addition of galactose and GlcNAc residues 

which may be sialylated. The biosynthesis of 0-glycans occurs in the Golgi

44



complex and is highly ordered with key glycosyl residues either diverting the 

synthetic flux away from or into a particular pathway. Like N-linked sugars, 

sialic acid residues are added in the trans-Golgi just before cell surface 

expression.

1.6 Aim of the Thesis

It has been suggested that the CDSp chain may have a distinct role in 

the differentiation or function of MHC class I restricted T cells, since mice 

lacking CDSp expression have an 80% reduction in peripheral T cell numbers.

Previous studies in the laboratory have identified a specific decrease in the 

sialylation of the CDBp 0-linked sugars during T cell maturation and on T cell 

activation (Casabo etal., 1994). The alteration in sialic acid levels is predicted 

to occur within the hinge region of the molecule, between the external and 

transmembrane domains.

The aim of this thesis is to investigate the role of the hinge region of 

CDSp within the TCR/MHC complex, and the importance of the variation in 

sialic acid levels of the 0-linked sugars. Two main approaches were used. First, 

biochemical techniques were employed to characterise the structure of the O- 

linked sugars from resting and activated T cells in more detail. The CDSpo mice 

were also studied to determine if the loss of CDSp affected the glycosylation or 

surface expression of CDBa. Second, to investigate the role of the CDBp hinge 

region, transgenic mice were constructed expressing a hybrid CDBpaHinge 

molecule in which the hinge region of CDBp was swapped with the 

corresponding region of CDBa. These transgenic mice, when backcrossed to 

the CDBpo mice, would allow the role of the hybrid CDBpaHinge molecule in T 

cell differentiation and function to be studied.
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In addition, two novel polypeptides of 14kDa and 26kDa molecular 

weight had previously been found to associate with the CD8  complex. It was 

hoped to investigate further the identity and role of these two molecules in the 

CD8  complex using biochemical techniques, and to find whether they 

specifically associate with the CD8 p protein.
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FIGURE 1.1

MHC/peptide interactions with the TCR compiex

Schematic showing the interaction of the MHC class ll/peptide 

complex with the TCR and CD4 coreceptor on the helper T cell (top), and the 

interaction of the MHC class I/peptide complex with the TCR and CD8  

coreceptor on the cytotoxic T cell (below). The figure shows the approximate 

size of the CD4 and CD8  molecules, the interaction of the CD4 D1 and D2  

domains with the p2  domain of MHC class II and the interaction of CD8  with 

the a3 domain of MHC class I.
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FIGURE 1.2 

T cell differentiation

A simplified diagram showing the stages of T cell differentiation in the 

thymus by the expression of the CD4 and CD8  coreceptors. The cells enter 

the thymus as double negative cells and pass through several selection 

processes at the double positive stage before either downregulating CD4 to 

become CD8 + cytotoxic T cells, or downregulating CD8  to become CD4+ 

helper T cells. The stages at which T cell differentiation is defective in 

various knockout mouse models are indicated.
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CHAPTER TWO

MATERIALS AND METHODS

2.1 DNA Methods

2.1.1 Bacterial growth media

Culture of E.coli was performed In Luria-BertanI medium (LB medium, 

1% Typtone, 0.2M NaCI, 0.5% Yeast Extract, 5mM NaOH) with 50^g/ml 

amplclllln (GIbco, UK), or other selection as appropriate, overnight at 37“C 

with constant shaking. For agar plates 15g/l agar was added to LB medium 

and heated until melted. The medium was allowed to cool to 50“C and 

50^g/ml ampllclllln (or required antibiotic) added. Plates were poured, 

allowed to set and stored Inverted at 4°C until required.

2.1.2 Piasmid preparation

Plasmid DNA was purified from bacterial culture using the QIAGEN midl 

(up to lOO^g) and maxi (up to SOOpg) purification protocol. For midl 

preparations E.coli were cultured overnight In 10-15ml of LB medium with 

selection and for maxi preparation 500ml of LB medium was required.

The bacteria were spun down at 3500 rpm for 10 minutes at 4“C and 

resuspended In 4mI (midl) or 10ml (maxi) of buffer PI (50mM Tris pH 8.0, 

lOmM EDTA, lOO^ig/ml RNaseA). An equal volume of buffer P2 (2m NaOH, 

1 % SDS) was added, gently mixed and Incubated at room temperature for 5 

minutes. 4mI or 10ml of chilled buffer P3 (3M potassium acetate) was added 

and reaction Incubated for 15-20 minutes on Ice. After Incubation the reaction
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was centrifuged at 1 2  0 0 0  rpm for 30 minutes at 4°C, the supernatant removed 

and spun for a further 15 minutes. After the second spin the supernatant was 

passed over an equilibrated QIAGEN-tiplOO (midi) or -tipSOO (maxi) column 

and the column washed twice with 2  x 1 0 ml or 2  x 30ml of buffer QC (1 M 

NaCI, 50mM MOPS pH 7.0, 15% isopropanol). The plasmid DNA was eluted 

from the column with 5mI or 15ml buffer OF (1.25M NaCI, 50mM Tris pH 8.5, 

15% isopropanol) and precipitated with 0.7 volumes of isopropanol. After 

spinning the DNA pellet was washed twice with 70% ethanol, air dried for 5 

minutes and resuspended in TE buffer (lOmM Tris pH 7.5, ImM EDTA).

2.1.3 Phenol/chloroform extraction

Protein was removed from the DNA solution by addition of an equal 

volume of phenol/chloroform (50% phenol UNC (20M phenol, 2M Tris pH 7.5, 

10% m-cresol, 50mM p-mercaptoethanol, lOmM B-hydroxyquinoline), 50% 

chloroform)). The mix was shaken for 3 minutes and spun at 13 000 rpm for 2 

minutes. The aqueous phase was transferred to a fresh tube and the 

extraction process repeated. The aqueous phase was then mixed with an 

equal volume of chloroform for 2  minutes and spun for 1 minute. The top layer 

was taken and added to 2  volumes of ethanol. The DNA was precipitated for 

1 0  minutes at -70“C and pelletted by centrifugation at 13 0 0 0  rpm for 1 0  

minutes. The DNA pellet was washed twice with 70% ethanol, air dried for 5 

minutes and resuspended in TE buffer.

2.1.4 Agarose gel electrophoresis

For a 1 % agarose gel, 1 g agarose (Sigma) was placed in 1 0 0 ml 1 x 

TAE buffer (50x stock (2 M Tris, 1 M acetic acid, 50mM EDTA) and dissolved at 

low power in a microwave. The agarose solution was allowed to cool until it 

was hand hot while the gel plate was prepared with an appropriate comb for

52



the number of wells required. The cooled gel was poured into the prepared 

gel plate to a depth of 5mm and allowed to set. When the gel had set the comb 

was removed to produce wells and the gel transferred to a running tank and 

filled with 1x TAE buffer to cover the gel to a depth of 1mm. DNA samples 

were mixed with loading buffer and loaded into the wells. After separation the 

gel was stained with O.S^g/ml ethidium bromide in H2 O for 30 minutes and the 

DNA visualised on an ultra violet light box and photographed.

2.1.5 Polymerase Chain Reaction

0 .5 ml eppendorf tubes, pipettes,tips and mineral oil were sterilized by 

U.V. irradiation for 10 minutes. The reaction mix was set up as follows; 2̂ -1 Taq 

buffer (lOOmM Tris pH8.3, 2 0 mM MgCIa, 0.1% Gelatin, 500mM KCI), 0.5^1 

dNTPs (lOmM, Promega), 2̂ 1 Tween20 (Sigma) and NP40 (0.1%), 1 -2 p,l 

primers at 1 OD, 0.3^1 Taq polymerase (5U/^I, Perkin Elmer), H2 O to final 

volume of 17^1. The mix was prepared as a stock solution in slight excess of 

amount required, 17̂ 1 dispensed into each tube and overlayed with 2  drops of 

mineral oil (Sigma).

DNA was diluted in H2 0 at 100ng/3^il , boiled at 95°C for 5-10 minutes 

to inactivate any proteases and 3pil added to the approprate tube under the 

oil. The tubes were transferred to the PCR machine and the program started 

with dénaturation of the DNA at 95°C for 1 minute, extension at 57“C for 1 

minute and annealing at 72°C for 1 minute over 30 cycles.

At the end of the program 2\i\ Orange G loading buffer was added to 

each tube. 15p1 of each sample was loaded into a 3% agarose gel (2% 

NuSieve, 1 %agarose) in IxTAE with a lane of appropriate molecular weight 

markers (Gibco, UK). The gel was run at 500mA, 80v for about 40 minutes, 

stained with ethidium bromide and visualised on a UV box and photographed.
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PCR could also be performed directly on bacterial plaques by 

transferring a single plaque to a 20^1 PCR reacton using a sterile toothpick as 

described by Güssow and Clackson (1989). Tail DNA from transgenic and 

knockout mice was prepared using the method desorbed by Laird etal. (1991) 

and analysed by PCR using primers listed in Table 1.

Table 1 : PCR Primers for screening mice.

Gene Name Primer Oligonucleotide sequence Product size

F5 Transgene Fwd
Rvs

S'- CTCCCTCTTCAAGCCAAAAGGAGCC -3'
S'- TG AAAATCAGAAGGAAGCTGGCTACAAA -3'

FS = 43Sbp

CD8p Transgene Fwd
Rvs

S'- CCCCCACCCAGACCCAGAAG -3'
S'- TCCAAGGCCCAGTCGAAGAAGAGT -3'

GDSPVA = 400bp 

GOapaH =400% f

C08§ Knockout
CDSpFwd 

CDSpRvs 

neo fwd 

neorvs

S'- AGCCTGGTTGATGTGTTCTGGTTT -3' 

S'- GTGGTGATTGAGAGGGTTGAGAAG -3' 

S'- TGGAGAGGGTATTGGGGTATGAGT -3' 

S'- TGGATGAGGGATGATGGATAGTTT -3'

W r = 426bp 

K0 = 311bp

RAG-1 Knockout Rag-1 Fwd 
Rag-1 Rvs 
neo fwd

S'- GAGGAGGTGGAAGGATGTATTGTG -3' 
S'- TTGGAGAGTGAGTTGGTGATTGGA -3' 
S'- AGGGGTGATATTGGTGAAGAGGTT -3'

WT = 196pb 
K0 = 700bp

MHO - H-2'VH-2‘’ Ea5'
Ea3'
K 5’

S'- AGTGTTGGGAGGGTTGAGAGTGAGAGGTAG -3' 
S'- GATAGGGGGAAATGTGTGAGGTGTGGAGAG -3' 
S'- GATGGGGATAGAAAGGGGAGTGTTTGAAGT -3'

H-2b=l5Sbp 

H-2k = 210bp

2.1.6 Restriction Digestion

The DNA was diluted in 1 x restriction buffer (variable NaCI 

concentration depending on restriction enzyme, Boehringer Mannheim) and 

restriction enzyme (Boehringer Mannheim, UK) added at less than 1/10th final 

volume. The reaction was incubated overnight at 37“C (unless otherwise 

specified for particular enzyme) and the products run on a 1 % agarose gel. 

The gel was stained with ethidium bromide and the restriction bands 

visualised on a UV box and photographed.
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2.1.7 Purification of DNA fragments

The band of Interest was Identified under long wave UV illumination 

and cut out from the gel. The band was placed in an microfuge tube, 2-3 

volumes of Nal solution (6 M Nal, lOOmM NaaSOs) added and the tube 

incubated with occasional vortexing for 5 mins at 50“C until the gel was 

dissolved. 5jaI of silica (50% slurry in H2 O) were added to the DNA and the 

tube placed on ice for 5 minutes. The silica were spun to the bottom of the 

tube by centrifugation at 13 OGOrpm for 15 seconds and the beads washed 

three times with ethanol wash solution (50% EtOH, 0.1 M NaCI, lOmM Tris pH 

7.5) ensuring all the liquid was removed subsequent to the third wash by 

spinning twice. The required volume of elution buffer (lOmM Tris pH 7.5, ImM 

EDTA) was added and the DNA eluted at 50°C for 3 mins. The elution process 

was repeated twice.

2.1.8 Blunt-ending of DNA digests

3' and 5' overhangs left after restriction digestion were blunt-ended 

using T4 polymerase (Boehringer Mannheim) and Klenow (Boehringer 

Mannheim) respectively.

For 3' overhangs DNA was mixed in 20^1 polymerase buffer (33mM Tris 

acetate pH 7.9, 6 6 mM K acetate, lOmM Mg acetate, 0.5mM DTT, lOOpig/ml 

BSA) and Ipil dNTPs (2mM) and ^\l\ T4 polymerase added. The reaction was 

incubated for 5 minutes at 37“C and stopped by the addition of l^il 0.5M 

EDTA.

For 5' overhangs DNA was mixed in 25^1 50mM NaCI restriction buffer 

with 1\i\ dNTPs (2 mM) and 0.5pil Klenow. The reaction was incubated for 20
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minutes at room temperature and stopped by the addition of l^il 0.5M EDTA 

and 1 fxl 0.2M NaCI.

2.1.9 Ligation

The ligation mix was set up as follows; 4pil 5x ligation buffer (250mM 

Tris pH7.5, 50mM MgCIa, 5mM DTT, 12.5% w/v PEG 6000), 2̂ 1 lOmM ATP, 

2pil vector (25ng/pil), 5fil fragment (approximately 3x greater than equi-molar 

concentration of vector), 7\i\ HaO, 0.5^1 T4 ligase (Boehringer Mannheim). 

Sticky end ligations were incubated overnight at 15°C and blunt end ligations 

incubated overnight at room temperature.

2.1.10 Transformation

L Broth (no antibiotics) was warmed to 37“C in a waterbath. An 

appropriate amount of ligated plasmid was taken and added to lOOjil 

competent E.coli an6 put on ice for 10 minutes. The reaction was then warmed 

to 37°C for 5 minutes and 1ml of prewarmed LB added. The reaction was left 

at 37°C for 1 hour and then 200ril placed on an agar plate (with ampicilin 

selection) and spread well with a spreader. The plates were inverted and 

incubated overnight at 37“C.

2.1.11 Automated DNA Sequencing

Samples were prepared for sequencing using the DNA sequencing kit 

(Dye Terminator Cycle Sequencing Ready Reaction, Perkin Elmer, USA) and 

sequencing carried out using the GeneAmp PCR process. DNA sequence 

reactions were separated on a Long Ranger gel (EMC BioProducts, USA) 

prepared using Long Ranger gel solution (For 5% gel, IxTBE, 10% Longer 

ranger gel solution, 36% Urea) and run on the ABI Prism 377 automated DNA
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Sequencer (FMC BioProducts). Analysis was undertaken using DNAstar 

software (Molecular Dynamics).

2.2 DNA Purification and Anaiysis

Transgenic and knockout mice were screened using the following techniques.

2.2.1 Tail DNA purification

A portion of tail was taken from each mouse to be analysed, and placed 

in 0.5ml tail lysis buffer (50mM Tris, lOOmM EDTA, lOOmM NaCI, 1% SDS, 

pH8). 10p,l proteinase K (Boehringer Mannheim) was added to each sample 

and incubated overnight at 50°C. After incubation the tubes were vortexed 

and centrifuged at 13 OOOrpm for 10 mins to remove cellular debris. The 

supernatant was transferred to a fresh tube and the protein extracted by 

phenol/ chloroform. Isopropanol was added to precipitate the DNA, followed 

by a 5 minute spin to pellet the DNA. The DNA pellet was washed twice with 

70% ethanol. Air dried pellets were resuspended in 75̂ ,1 sterile distilled water 

overnight and the optical density measured at 260nm on spectrophotometer 

(Shizadzu).

2.2.2 Slot blot

10^g of DNA was diluted to 360jil in dHaO. 40jil 4M NaOH was added 

and allowed to incubate for 10 mins at room temperature to denature the DNA 

strands. The reaction was stopped by the addition of 400^il ice cold 2M 

ammonium acetate. Nitrocellulose membrane, previously soaked in 1M 

ammonium acetate, was used for slot blot. 400^1 of sample was loaded into a 

well on the slot blot apparatus. DNA was transferred onto the membrane by
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vacuum. Wells were marked and the membrane baked at 80°C for 1 hour to fix 

the DNA.

2.2.3 Southern blot

DNA was digested with appropriate restriction enzymes and samples 

were run on an 0.8% agarose gel in TBE buffer (9mM Tris, 0.4M Boric Acid, 

2mM EDTA) with XHindlll and 1kb markers (Promega), stained with ethidium 

bromide and photographed under UV illumination. After soaking the gel for 15 

minutes in 0.2M HCI to nick the DNA, the gel was denatured in 0.2M NaOH 

and 0.6M NaCI for 1 hour at room temperature, and neutralised for 1 hour in 

1M Tris, pH7.5 and 0.6M NaCI. DNA was transferred overnight by capillary 

action onto a nitrocellulose membrane using 20x880. The membane was 

rinsed in 2x880 and baked for 2 hours at 80°0.

2.2.4 Nick translation

A 32p labelled DNA probe was made using nick translation. The 

reaction mix was set up as follows; 3pil dH20, 2\i\ dNTP (without dOTP),1pil 

DNA template, 1\i\ nick enzyme and 3 îl 32p dOTP(Amersham International, 

UK). The reaction was incubated for 90 minutes at 15°0 and stopped by the 

addition of 400|il TE buffer (10mM Tris, ImM EDTA, pH7.5). DNA probe was

purified using a 'NlOK Oolumn'(Pharmacia) containing 8ephadex G-50 DNA 

grade, and eluted with TE buffer.

2.2.5 Hybridisation

The nitrocellulose membrane was wetted with 2x880 and placed 

between two nylon meshes in a hybridisation bottle. 25ml prehybridisation 

solution (3x880, 0.1% 8D8, lOx Denharts) was warmed to 65°0, and 50pig
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boiled salmon sperm DNA added. The prehybridisation solution was added to 

the bottle and rotated for one and a half hours at 65°C in a hybridisation oven. 

25ml hybridisation solution (3xSSC, 0.1% SDS, lOx Denharts, 10% dextran 

sulphate) was warmed to 65°C and SÔ ig salmon sperm and 32p labelled

DNA probe added after boiling for 10 minutes. Prehybridisation solution was 

removed from the bottle and replaced with the hybridisation mix and rotated 

overnight at 65®C.

The membrane was washed at 65“C for 1.5 hours with 3M SSC plus 

0.1% SDS, and 0.5 hours with 0.3M SSC plus 0.1% SDS. Saran wrap was 

used to cover the membrane and radioactivity was analysed using the 

Phospholmager and ImageQuant software (Molecular Dynamics).

2.3 Antibody Preparation

The antibodies used in this study are described in Table 2.

2.3.1 Antibody purification on Protein A column

Antibody supernatant was filtered through 3MM Whatman paper and 

1M Tris pH 12.0 added until supernatant was pH 9.0 and 2M NaCI added. The 

supernatant was passed through a Protein A sepharose (PAS) CL-4B 

(Pharmacia) column. The column was washed with PBS and the antibody 

eluted with 0.1 M citrate buffer pH 5.0 (0.1 M citric acid, 0.1 M Na2 HP0 4 .2 H2 0 ). 

The antibody was neutralised with 1M Tris and dialysed into PBS.

2.3.2 Antibody purification by FPLC

Antibody supernatant was dialysed into 50mM malonate buffer pH 5.2 

with 0.1% betaine for 2-3 hours. The supernatant was centrifuged at 10
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Table 2: Antibodies

Name Specificity Isotype Purification Reference

YTS 169.4V anti-CDSa rat lgG2b Mono S Cobbold et al. 
(19B4)

KT15-23.1 anti-CDBa rat lgG2a Commercial
(Caitag)

Tomonari etal. 
(1990)

53.6.7 anti-CDSa rat IgGI Commercial
(Sigma)

Ledbetter et al. 
(1979)

YTS 156.7 anti-CDBp rat lgG2b Mono S Qin et al. 
(19B9)

KT112 anti-CDSp rat lgG2a Mono S Tomonari etal. 
(1990)

53.5.8 anti-CDBp rat IgGI Commercial
(PharMingen;

Ledbetter et al. 
(1979)

YTA3.1.2 anti-CD4 rat lgG2b Mono S Cobbold et al. 
(19B4)

H129 anti-CD4 rat lgG2a Commercial
(Sigma)

Unkless
(1979)

145-2C11 anti-CD3e hamster IgG Protein A Leo et al. 
(19B7)

KT11 anti-TCR

v p ii
rat lgG2b Mono S Tomonari etal. 

(19BB)

RA3-6B2 anti-CD45R rat lgG2a Commercial
(Sigma)

Kincade etal. 
(1981)
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OOOrpm for 15 minutes and filtered through Whatman paper (3MM) to remove 

any precipitates. The supernatant was passed over a Mono S column (S 

Sepharose fast flow, Pharmacia) equilibrated with malonate buffer. The 

column was washed with malonate buffer and the antibody eluted with 

malonate buffer plus 0.5M NaCI and dialysed into PBS.

2.3.3 Antibody coupling to Blotin and FITC

Antibody was diluted to 1 mg/ml in PBS and dialysed into 0.25M 

carbonate buffer pH 9.3 (200mM NaHCOa, 50mM NaaCIa) for 1 hour. FitC 

isomer (Pierce, UK) added at lOO^ig/mg Ig or Sulfo-NHS-SS biotin (Pierce, 

UK) added at 150 jig/mg Ig and incubated overnight at 4“C with rotation. 

Conjugated antibodies were dialysed against multiple changes of PBS and 

stored at -20“C in 1% BSA, 0.1% sodium azide. Appropriate concentrations 

were determined by staining lymphocytes with a range of antibody 

concentrations and a dilution was chosen which gave the maximum signal to 

background on FACS.

2.3.4 Coupling Antibodies to CNBr-actlvated sepharose

5mg of antibody per ml of gel were dialysed in coupling buffer (0.1 M 

NaHCOa, 0.5M NaCI, pH9.3) for two hours at room temperature. CNBr- 

activated sepharose 4B (Pharmacia) was allowed to swell (Ig  per 3.5ml final 

volume) for 15 mins in lOmM HCI. The gel was then washed with 5ml of 

coupling buffer using a scinted glass filter, and immediately added to the 

antibody at a ratio of 1:2 (gel;buffer). The mix was rotated at room temperature 

for two hours and then left for the gel to settle. The supernatant was removed 

and blocking buffer (0.2M glycine, 0.5M NaCI, pH8) added and rotated for a 

further two hours. Unadsorbed protein was then washed away with a series of 

washes:

61



1) 200ml coupling buffer

2) 200ml acetate buffer (0.1M Na acetate, 0.5M NaCI, pH4)

3) 200ml coupling buffer

4) Phosphate buffered saline (PBS)

The sepharose was resuspended in PBS containing 0.05% Na azide and kept 

at 4®C until required.

2.4 Labelling of Proteins

2.4.1 Metabolic labelling of thymocytes

2x107 thymocytes were washed twice in methionine, glutamine and 

cysteine free RPMI medium (Sigma) containing 3% (v/v) dialysed PCS 

(dialysed against PBS at 4°C overnight to remove all amino acids), 1% 

glutamine, 5 x lO'^M 2-ME, and 1% HEPES. Cells were incubated at 37°C for 

1 hour. ImCiof 35s labelled methionine/cysteine (Irans-^ss-Label, ICN, UK) 

was added to each sample and further incubated for 90 minutes. Thymocytes 

were washed twice in PBS and lysed in lysis buffer (lOmM Tris, ISOmM NaCI, 

1% Triton-X, pH7.5) containing protease inhibitors (l^xM leupeptin (Sigma), 

200jxM PMSF (Sigma), 5\ig per ml pepstantin A, (Sigma)) and 0.5% BSA for 

30 minutes on ice. Lysates were spun at 13,OOOrpm for 5 minutes to remove 

cell debris. The supernatants were transferred to a fresh tube and stored at 

-70°C until required.

2.4.2 Surface Labelling by lodlnatlon

Lymphocytes were labelled using the protocol described by Bretscher 

and Lutter (1988). 8x10® cells were washed in PBS and resuspended in 0.1 M 

Na2 HP0 4 - The labelling mix was prepared as follows: 0.12M NaCI, 80mM 

sodium phosphate pH7, Mjxg/ml sulpho-SHPP (Pierce, UK), 0.2mg/ml
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chloramine T and 1mCi (Amersham Internation, UK), and Incubated for 15 

minutes at room temperature. Cells were spun and resuspended In 50|xl of 

0.1M Na2 HP0 4 . 80mM sodium p-OH benzoate/8mM Nal was added to the 

labelling mix and Incubated on Ice for 4 minutes. Cells were added to the mix 

and left on Ice for 20 minutes. Cells were washed three times In PBS with 10% 

PCS and lysed as described previously (2.5.1). The lysate was stored at -70°C 

until required.

2.4.3 Surface Labelling by Biotlnylatlon.

Cells were washed twice with PBS and resuspended at a concentration 

of 40 X  10® cells/ml In labelling buffer (ImM Hepes,150mM NaCI). lOpil Sulfo- 

NHS-SS blotin (Pierce, UK) was added from a lOmg/ml stock In DMSG and 

cells were Incubated on Ice for 1 hour. Cells were washed twice with PBS and 

lysed as described previously In 2.5.1. The lysate was stored at -20“C until 

required.

2.5 Immunoprécipitation

2.5.1 Con A activation of spleen cells

Spleens were teased and washed In IMDM containing 10% PCS and 

supplements (described In 2.4.1). Cells were resuspended at a concentration 

of 1-2x10® cells/ml, 5^ig/ml Concanavalln A (Pharmacia) added and cultured 

for 2 days.

2.5.2 Cell lysate preparation

Before lysis unlabelled cells were washed twice with PBS by pelleted 

at 1200rpm for 7 minutes at 4“C. The cell pellet was resuspended in lysis
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buffer (10mM Tris, 150mM NaCI, 1% Triton-X, pH 7.5) containing protease 

inhibitors (1^M leupeptin, 200^iM PMSF, 1ml per ml pepstanin A) for 30 

minutes on ice. Lysates were spin at 13,OOOrpm for 5 minutes to remove cell 

debris. The supernatants were transferred to a fresh tube and stored at -20°C 

until required.

2.5.3 Preclearing

The cell lysates were precleared to reduce background. 30^1 of Rat Ig 

(Sigma) sepharose, 30^1 BSA sepharose and 30m-I blocked CNBr sepharose 

were added and rotated at 4®C for 2 hours. The sepharose beads were 

removed by centrifugation at 6500rpm for 3 minutes, and supernatants were 

transferred to fresh tubes. The preclearing process was then repeated twice 

for unlabelled or surface labelled proteins, and four times for metabolically 

labelled proteins.

2.5.4 Specific Precipitation

Lysates were passed through a 2p,m filter (Gelman Sciences, UK) and 

immunoprecipitated with either 40^1 of specific antibody coupled to sepharose 

or ^0\l\ of specific antibody and 40^1 protein A or G sepharose (Pharmacia). 

The immunoprécipitation was rotated for 2-4 hours at room temperature or 

overnight at 4“C. A non-specific precipitation control was performed in parallel 

using 40^1 of rat Ig sepharose or protein A or G sepharose.

After incubations the beads were spun down and supernatant removed. 

The pellets were sequentially washed in 1ml high salt lysis buffer (lysis buffer 

with 0.5M NaCI); 1ml high salt lysis buffer underlayed with a cushion of 150^1 

high salt lysis buffer with 30% sucrose ; 1ml lysis buffer. The pellets were then 

resuspended in 30^1 reducing sample buffer (2% SDS, 10% glycerol, 62.5mM
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Tris pH6.8, 0.01% bromophenol blue and 5% 2-ME) in preparation for 

SDS/PAGE.

2.5.5 Lectin precipitation

Lysates were passed through a 2pim filter and precipitated with 10̂ 1 of 

biotinylated lectin (1 mg/ml, Oxfor GlycoSciences) and 40^il of streptavidin 

agarose beads (Sigma) for 2-4 hours at room temperature or overnight at 4“C. 

A non-specific precipitation control was performed in parallel using 40^1 

streptavidin beads. The beads were washed as described in 2.5.4.

2.5.6 Dissociation of immunoprecipitate from beads

The immunoprecipitated proteins could be dissociated from the beads 

by resuspending in lOOjil 1% SDS and incubated at 70°C for 10 minutes. The 

beads were spun down and the supernatant transferred to a fresh tube and 

diluted 7 fold with lysis buffer. The complex could then be reprecipitated after 

incubation on ice for 1 hour.

To dissociate the individual proteins from a di-sulphide linked complex 

by resuspending beads in 100^1 1% SDS with 2mM DTT (Sigma) for 10 

minutes at 70“C. 20mM lodoacetamide (Sigma) added and incubated on ice 

for 10 minutes. The beads were spun down, the supernatant removed and 

diluted 7 fold with lysis buffer. The individual denatured proteins could be 

reprecipitated after incubation on ice for 1 hour by lectins or peptide antisera.
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2.6 Analysis of Glycoproteins

2.6.1 Removal of N-llnked sugars

Immunoprecipitated proteins were resuspended in the appropriate 

incubation buffer. To remove only high mannose N-linked sugars, beads were 

resuspended in 100^1 incubation buffer (20mM sodium phosphate pH 7.5, 

50mM EDTA, 0.02% sodium azide) and treated with 160 mU of endo-p- 

acetylglycosaminidase H (endo H, Oxford GlycoSciences, UK) for 16 hours at 

37“C. To remove all N-linked sugars, beads were resuspended in lOOpil 

incubation buffer and treated with 1.3U of endo-p-N-acetylglucosaminidase F 

and N-Glycanase (Oxford GlycoSciences, UK) for 16 hours at 37°C. After 

treatments the beads were washed once with lysis buffer and resuspended in 

30fxl reducing sample buffer for SDS-PAGE analysis.

2.6.2 Removal of Sialic Acid

Immunoprecipitated proteins were resuspended in incubation buffer 

(50mM sodium acetate pH 5.5, 4mM CaCIa, 0.1 mg/ml BSA) and treated with 

50mU of Arthobacter ureafaciens sialidase (Oxford GlycoSciences, UK) and 

8mU of Vibrio cholera neuraminidase (Oxford GlycoSciences, UK) for 16 

hours at 37“C. After treatments the beads were washed once with lysis buffer 

and resuspended in 30pil reducing sample buffer for SDS-PAGE analysis.

2.6.3 Removal of 0-llnked sugars

Immunoprecipitated proteins were resuspended in incubation buffer 

(lOOmM sodium citrate phosphate pH 6.0, 0.1 mg/ml BSA, 0.02% sodium 

azide) and treated with 50mU of Arthobacter ureafaciens s\aW6ase and 8m U 

of Vibrio cholera neuraminidase for 30 minutes at 37“C. 3 mU of endo-a-N-
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acetylgalactosaminidase (0-glycanase, Oxford Glycosciences, UK) was 

added and Incubated for 16 hours at 37“C. After treatments the beads were 

washed once with lysis buffer and resuspended in 30ril reducing sample 

buffer for SDS-PAGE analysis.

2.7 SDS/Polyacrylamide Gel Electrophoresis

The following procedure was based on Laemmli's technique (Laemmli 

1970), and all electrophoresis equipment was supplied by Biorad (UK) unless 

otherwise stated. 12.5% gels were prepared as follows: 7.5 ml of lower gel 

buffer (1.5M Tris, 0.4% SDS, pH8.8), 12.5ml of 30% acrylamide (National 

Diagnostics, USA), 10ml dHaO. The lower gel mix was degassed for 10-15 

minutes and IOOjaI of 10% ammonium persulphate (APS) and lOpil Temed 

(BioRad, UK) added. The gel was cast using a casting stand and allowed to 

polymerise.

The stacking gel mix was prepared: 2.5mi upper gel buffer (0.5M Tris, 

0.4% SDS, pH6.8), 1.5ml 30% acrylamide, 6ml dH20, 50^ii 10% APS and 

lOjii Temed. The mix was poured onto the lower gel and the comb set in 

place. The gel was allowed to polymerise, the comb removed and the wells 

rinsed with running buffer (400mM glycine, 0.1% SDS, 50mM Tris, pH8.3).

Rainbow markers (Amersham International, UK) were diluted in 

reducing sample buffer, and ‘•^C-rainbow markers (Amersam International) 

were used for gel containing radiolabelled samples. The samples and 

markers were boiled for 5 mins and then cooled on ice. The beads were spun 

at 6500rpm for 3 minutes and the supernatant loaded onto the gel. 

Electrophoresis was performed in running buffer at 30mA.

After eiectrophoresis geis containing radiolabelled proteins were fixed 

in 30% methanoi/10% acetic acid for 30 minutes at room temperature. 35g
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labelled proteins were washed for 30 mins with distilled water and enhanced 

for a further 30 mins (1M sodium salicylate/3% glycerol). These gels were then 

dried for 2 hours at 60®C and exposed to x-ray film (Kodak) with intensifying 

screens at -70°C. Gels containing non-radioactive proteins were prepared for 

western blotting.

2.8 Western Blotting

2.8.1 Western Blot

SDS/PAGE gels containing non-radioactive proteins were soaked in 

1X Western blot buffer (10% blot buffer (200mM glycine, 25mM Tris), 30% 

methanol). The proteins were then transferred onto nitrocellulose membrane 

(Schleicher and Schuell) in IX  blot buffer at 120mA overnight. The Western

Blot was set up as follows: negative electrode, 2 sheets of 3MM Whatman

paper, gel, nitrocellulose membrane, further 2 sheets of 3MM Whatman paper, 

positive electrode. The Whatman paper and nitrocellulose membrane were 

cut the same size as the gel and soaked for 10 mins in IX  blot buffer.

2.8.2 Probing a western blot

After transfer the membrane was rinsed in PBS and soaked in blocking 

buffer (5% dry fat-free milk, 0.05% Tween-20 in PBS) for 1 hour at room 

temperature or overnight at 4°C. The specific antibody (see Table 3) was 

diluted in blocking buffer and incubated with the membrane for a minimum of 

4 hours. The membrane was then washed with 0.2-0.5% Tween-20 in PBS 

with several changes over a minimum period of two hours. The appropiate 

second layer peroxidase-conjugated antibody (Sigma) was diluted in blocking 

buffer and incubated with the membrane for a minimum of 2 hours in the dark 

followed by extensive washing as previously described. Western blots of
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biotinylated samples were incubated with peroxidase coupled streptavidin 

diluted 1/1000 in PBS after the blocking stage and washed as above.

Table 3: Antibodies for Western Blotting

Name Specificity Species Reference

2245 CD8a cytoplasmic 
domain

rabbit Ig Casabo, 1992

2320
CD8a NH-termlnal 

domain rabbit Ig Casabo, 1992

R280 CD8p rabbit Ig Casabo, 1992

2487 Galectin-1 sheep Ig Paula Timons

The developing step was performed using the ECL kit (enhanced 

chemiluminescence, Amersham International, UK). This was achieved by 

mixing equal volumes of solutions 1 and 2 and soaking the membrane for 1 

minute. The membrane was then dried on filter paper, covered in Saran wrap 

and exposed to X-ray film (Kodak).

2.8.3 Stripping a western blot

Antibodies could be stripped from the western blot by incubation with 

stripping buffer (lOOmM 2-mercaptoethanol, 2% SDS, 62.5mM Tris pH 6.7) for 

20 minutes at 55"C. The membrane could then be washed four times with 

PBS over a period of one hour and re-blocked with blocking buffer before
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being probed with antibodies specific for different proteins as described 

above.

2.9 Flow cytometric analysis

Cells were washed in PBS and separated into 1 x 10® cells per sample 

tube. Cells were resuspended in appropriate combinations of FITC, 

phycoerythrin and biotin-conjugated antibodies in PBS with 0.5% BSA and 

0.05% azide. The cells were incubated on ice for 40 minutes and washed with 

3ml cold PBS by centifugation at 1 2 0 0 rpm for 7 minutes at 4“C. Cells were 

resuspended in a second layer of Red 670 streptavidin in PBS/BSA/azide and 

left on ice for 20 mins before washing with 3ml cold PBS. Red blood cells 

were lysed before analysis by incubation with Geys solution (20% solution A 

(667mM NH4 CI, 25mM KCI, 4mM Na2 HP0 4 , 1 mM KH2 PO4 , 25mM D- 

glucose), 5% solution B (20mM MgCl2.6H20, 5mM MgS0 4 .7 H2 0 , 30mM 

CaCl2 ), 5% solution C (300mM NaHCOs), 70% H20) for 10 minutes at 37“C 

and the remaining cells washed with PBS. The cell pellet was resuspended in 

500^1 PBS/BSA/azide and analysed on a FACScan laser instrument using 

Cell Quest software (Becton Dickinson, USA).

2.10 Activation of Transgenic TCR Lymphocytes

T cells from F5 TCR transgenic mice (Townsend et a/., 1984) were 

activated by an intra-peritoneal injecion of 56ng of a synthetic peptide (aa: 

366-374) of influenza nuclear protein from 1968 flu strain. Spleen cells were 

removed 48 hours later and used for immunoprécipitation and Facs analysis.
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CHAPTER THREE

Changes In the CD8 complex associated with 
activation.

3.1 Introduction

3.1.1 The CDS Complex

Murine CDS Is encoded by two genes, Lyt-2 and Lyt-3 which are 

closely linked on chromosome 6. The genes are distantly related and 

organised in the same transcriptional orientation separated by 36 kb. Both 

genes are members of the Ig gene superfamily but show no strong homology 

(Parnes, 1989).

CDSa was initially referred to as the Lyt-2 antigen and the Lyt-2 gene is 

composed of five exons and four introns occupying about 4.4 kb (Liaw et al., 

1986). The Lyt-2 gene encodes two polypeptide chains, CDSa and CDSa', 

which are generated by a process of alternative splicing of mRNA which 

produces two polypeptides that differ only in the length of their cytoplasmic 

tails. The CDSa' polypeptide lacks the 31 nucleotides of exon IV which 

introduces a frame-shift and premature termination of the polypeptide 

(Zamoyska ef a/., 1985; Tagawa etal., 1986). Two alleles of the Lyt-2 locus 

have been described, Lyt-2.1 and Lyt-2.2 (Boyse et al. 1968), which show a 

high degree of conservation but have some nucleotide changes, one of which 

results in an amino acid substitution (Valine (Lyt-2.1) to Methioine (Lyt-2.2)) in 

the variable region-like domain. This change accounts for the serological 

differences between the two alleles.
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CD8P was initially referred to as the Lyt-3 antigen and the Lyt-3 gene is 

composed of six exons and five introns occupying about 14 kb of DNA 

(Nakayama etal., 1989). Two alleles of the Lyt-3 locus have been described, 

Lyt-3.1 and Lyt-3.2, which vary due to a single base difference in exon II 

(variable region-like domain) resulting in an amino acid substitution (Serine 

(Lyt-3.1) to Arginine (Lyt-3.2)). This change makes the region even more 

hydrophilic and is responsible for the serological Lyt-3 allotypes observed.

C D 8a and CD8p are both members of the Ig gene superfamily but 

show no strong homology at the protein level, however the proteins do share 

structural similarities. Both chains consist of an amino-terminal external 

domain that is homologous to the V region of Ig, a membrane proximal 

extended polypeptide (hinge) region, a hydrophobic transmembrane segment 

and a highly basic cytoplasmic tail (Parnes, 1989).

The CD8 complex is expressed as a di-sulphide linked heterodimer on 

the surface of class I MHC restricted T cells, although C D 8aa homodimers are 

found intracellularly (Ledbetter etal., 1981). The heterodimer is formed by one 

of the Lyt-2 alleles (either C D8a (38kDa) or C D8a' (34kDa)) di-sulphide 

linked to a CD8p polypeptide (29-30kDa). In thymocyte populations the 

amounts of C D 8a and C D8a' on the cell surface are about equal, but in 

peripheral T cells from the spleen or lymph node very little C D 8a' is 

detectable on the cell surface although it is found intracellularly (Zamoyska 

and Parnes, 1988).

3.1.2 Glycosylation of CDS

The protein sequence of murine CD8a suggests there are three N- 

linked glycosylation sites (Asn-X-Ser or Asn-X-Thr, where X can be any amino 

acid except proline) in the V-like region. Biochemical analysis confirmed the
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presence of 3 N-linked sugars, one of which is of high mannose type (Lüscher 

et al., 1985). CDSp was found to have one N-linked sugar located in the V- 

region (Rothenberg and Triglia, 1983), which is in agreement with the 

predicted glycosylation site from the protein sequence .

C D 8a and CD8p also contain 0-linked glycans which are sialylated 

and negatively charged. 0-glycosylation is the attachment of oligosaccharides 

through a serine or threonine side chain (Goochee at a/., 1991), and is 

common on serum and cell membrane glycoproteins. The addition of 0-linked 

glycans is a post-translational event which appears to occur as the molecule 

is transported through the ER-plasma membrane pathway to the cell surface, 

with modification by numerous glycosyltransferases localised in the Golgi 

complex (Pascale et a/ 1992a+b). The 0-linked glycosylation sites have been 

mapped in the human and rat CD8a polypeptide and found to be clustered in 

the hinge region of the molecule (Classon et a!., 1992; Pascale et ai 1992a). 

The 0-linked sugars have not been mapped for the mouse C D8a or CD8p 

chains, but are also predicted to also occur in the hinge region (Casabo et a/., 

1994).

While studying the biochemistry of the CD8p chain Casabo etal. (1994) 

found that compared to resting peripheral T cells there was a decrease in the 

sialylation of the 0-linked sugars of the CD8p polypeptide on thymocytes and 

activated T cells, which results in a faster migrating species on SDS-PAGE. 

Although the CD8a chain also contains 0-linked sugars, upon activation there 

was no change in the migration of CD8a on a gel suggesting sialylation of 

these sugars remained the same when T cells were activated. This suggests 

the alteration in sialylation is specific for CD8p and not a general change 

associated with T cell activation.

The alterations in the physical nature of CD8p on T cell activation due
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to changes in sialic acid content may affect the structure of the CD8 complex 

or Its Interactions with other molecules on the T cell surface. In order to 

determine a function for these changes It was necessary to analyse the 

carbohydrate structure of the 0-llnked glycans In more detail. The 

characterisation of N- and 0-llnked sugars has been greatly facilitated by the 

use of lectins, which recognise specific glycan residues attached to 

glycoproteins (Sharon, 1983). Lectins are proteins which bind to specific 

carbohydrate structures and can be used to separate cell subsets (Fowlkes et 

al., 1980), precipitate glycoproteins and Identify the type of N- or 0-llnked 

glycosylation present.

Two of the most abundant 0-glycosylated surface proteins on 

lymphocytes are the differentiation antigens CD43 and CD45. During 

differentiation these two proteins have been found to alter the sialylation of 

their 0-llnked sugars. The 0-glycans have a core 1 structure (Gaipi,3GalNAc 

residue) which Is recognised by the galactose-specific lectin peanut agglutinin 

(PNA). As the thymocytes mature the 0-llnked sugars become more heavily 

sialylated, masking the PNA-speclfIc glycans. This allows the binding of the 

PNA lectin to be used to separate Immature and mature thymocyte 

subpopulations (Relsner at a!., 1976; Brown and Williams, 1982). Recently It 

was shown that the CD8a and CD8a' proteins on Immature T cells could also 

be precipitated using PNA (Wu at al., 1996). This determined that like CD43 

and CD45, CD8a contains core 1 0-glycans which becomes sialylated as the 

T cells undergo differentiation, and this may also be true for CD8p.

The reduction In sialylation of CD8p upon activation appears to be 

more specific, since It affects only CD8p and not CD8a. T cells activated with 

the lectin ConA have been reported to express several hyposlalylated cell 

surface molecules compared with resting T cells. Including MHC class I 

molecules (Landolfl and Cooke, 1986). The differential glycosylation of the
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class I molecules appears to be due to an Increase In the levels of 

endogenous H-2 encoded neuraminidase activity (Landolfl et a i, 1985). 

Neuraminidase Is an enzyme which can control the level of glycoprotein 

slalylatlon by specifically removing sialic acid residues, and may be involved 

In the specific hyposlalylatlon of the CDBp molecules on the surface of 

activated T cells. A dramatic shift In the biosynthetic pathway of 0-glycans has 

also been found to occur on T cell activation. The levels of two 

glycosyltransferases, «2-6 sialyltransferase and p i-6 N-acetylglucosaminyl- 

transferase, were found to alter between resting and activated T lymphocytes 

causing the replacement of core 1 0-glycan structures with predominately 

core 2 structures (Piller et ai, 1988). This radical shift In 0-glycan biosynthesis 

has been shown to affect CD43 and may Influence the slalylatlon or structure 

of the CD8P 0-llnked sugars. Lectin analysis will allow the structure of the 

CD8P sugars to be Investigated In more detail, and will determine whether 

they are affected by these changes In enzymatic activity.

The change In slalylatlon of the CD8p chain Is occurring In those cells, 

thymocytes and activated T lymphocytes, which are most likely to be Involved 

In active recognition of antigen and Implies that It may have some cellular 

function. The change may affect the overall charge, conformation or flexibility 

of the hinge region and Influence the interactions of CD8 within the TCP 

complex. The aim of this chapter Is to Investigate the changes which occur In 

the 0-glycosylatlon of CD8p to gain a better understanding of how these 

changes may affect the function of the CD8 molecule.

3.1.3 The 14kDa Polypeptide

While Investigating changes associated with activation, studies In the 

laboratory Identified a protein with an average molecular weight of 14kDa
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which co-precipltated with the CD8 complex from resting, but not activated T 

cells (Zamoyska, personal communication). Since this novel protein was 

present only in precipitates from T cells expressing the sialylated form of 

CD8p, it was possible that its presence was associated with the change in the 

sialylation of the 0-linked sugars during T cell activation. Galectin-1 is a lectin- 

bincUng protein, which has recently been described in thymocytes and has the 

same molecular weight as the co-precipitating 14kDa protein (Barondes et al., 

1994). T cell surface ligands recognised by galectin-1 include glycoproteins 

bearing O-linked sugars such as CD43 and CD45 (Baum et ai, 1995) which 

suggested galectin-1 was a good candidate molecule for the 14kDa 

polypeptide. In conjunction with the investigation into the glycosylation of 

CD8p, data from western blot analysis is presented which indicates that the 

14kDa protein is not galectin-1, and goes on to show that the 14kDa protein is 

associated with CD8a and not CD8p polypeptides.

3.2 The CDBp polypeptide alters the slalylatlon of its 0-llnked 

sugars on T cell activation.

Mouse thymocytes were cell surface labelled using a crosslinking 

reagent, sulpho-SHPP which attaches P25 onto lysine residues of proteins. 

The cells were lysed and CD8 molecules immunoprecipitated using a 

monoclonal antibody YTS 156 (specific for CD8p chain) coupled to CNBr 

activated sepharose (CD8p beads). Immunoprecipitates were resolved by 

SDS-PAGE under reducing conditions and several bands identified which 

correspond to the three CD8 polypeptides (Figure 3.1 lane 1). The CD8a 

(38kDa) and CD8a' (32kDa) bands appear as discrete bands compared to 

CD8p (26-27kDa) which is more heterogeneous consisting of proteins with 

various sialylation states.

The CD8 complex from surface labelled resting T cells from lymph
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nodes (Figure 3.1, lane 2) and lymph node T cells activated in vitro using 

Con A (Figure 3.1, lane 3) were analysed by SDS-PAGE. As previously 

reported (Zamoyska and Fames, 1988) very little CD8a' is detectable on the 

surface of the peripheral T cells, whereas on thymocytes C D8a and CD8a' 

levels are about equal (Figure 3.1, lane 1). The GD8a band from peripheral 

cells runs slightly higher than from thymocytes, at 39kDa, probably due to the 

increased sialylation of the protein in mature cells described by Wu et al. 

(1996). However, no change in the migration of the CD8a band can be found 

between resting and activated cells. The CD8p band from resting T cells 

(Figure 3.1, lane 2) also runs slightly higher than from thymocytes (Figure 3.1, 

lane 1) probably due to increased sialylation in the mature cells similar to 

CD8a. On activation the CD8p band (Figure 3.1, lane 3) migrates faster at 

approximately 26kDa compared to 28kDa on resting T cells. Densitometry 

analysis suggests that whereas 80-90% of CD8p is in the higher sialylated 

form on resting T cells, this ratio is reversed on activated T cells (Casabo at a!., 

1994). This confirms that the CD8p polypeptide shifts to a faster migrating 

species on activation, whereas no change in the migration of CD8a occurs.

To verify that the iodinated species which runs at 28kDa from resting T 

cells and 26kDa from activated T cells were indeed CD8p and that the change 

on activation occurs in vivo as well as in vitro, CD8 immunoprecipitates from 

transgenic TOR mice were analysed by western blotting with anti-CD8p 

antisera (Figure 3.2). F5 mice are transgenic for a MHO class I restricted TOR 

specific for influenza nucleoprotein plus H-2Db, and have increased numbers 

of CD8 cells which predominantly express a single antigenic specificity 

(Townsend at a/., 1984). These CD8+ T cells can be activated in vivo by 

administration of soluble peptide by intraperitoneal injection. Iodinated F5 

lymphocytes from resting F5 mice (Figure 3.2, lane 2) show a homogeneous 

discrete species of CD8p that changes to a more heterogeneous faster 

migrating species in activated F5 lymphocytes (Figure 3.2, lane 1). A similar

77



sized band was found from lysates of nontransgenic spleen cells stimulated in 

vitro with Con A (Figure 3.2, lane 3). This change In CDSp on activation has 

been shown to be due to altered slalylatlon of the 0-llnked sugars during I  

cell activation (Casabo etal., 1994).

3.3 The Glycosylation of CDS complex

It has previously been reported that the CD8a and CDSp polypeptides 

have both N-llnked glycosylation (Lüscher et al., 1985) and 0-llnked 

glycosylation (Casabo et al., 1994). CD8 precipitates from thymocytes were 

treated with various enzymes to remove N- and 0-llnked glycosylation, 

western blotted and probed with antisera specific for CD8a (Figure 3.3A) and 

CD8P (Figure 3.3B). CD8 precipitates treated with a mixture of 

endoglycosldase F and N-glycanase to remove N-llnked sugars show a 9kDa 

reduction In size of the CD8a and CD8a' polypeptides (Figure 3.3A, lane 6) 

compared with untreated precipitates (Figure 3.3A, lane 2). This Is consistent 

with the removal of three N-llnked sugars as predicted from the protein 

sequence. One of the N-llnked sugars of CD8a and CD8a' Is of high mannose 

type and can be removed by treatment with endoglycosldase H (Figure 3.3A, 

lane 5). CD8p Is reduced by 3kDa after Endo F and N-glycanase treatment 

(Figure 3.3B, lane 6) compared with untreated precipitates (Figure 3.3B, lane

2), which corresponds to the one N-llnked sugar predicted by the protein 

sequence and this sugar Is Endo H resistant (Figure 3.3B, lane 5).

0-glycanase treatment of Immunoprecipitates removes 0-llnked sugars 

but must be preceded by complete deslalylatlon with neuraminidase. 

Treatment with neuraminidase alone causes all three CD8 proteins to migrate 

faster on SDS-PAGE (Figure 3.3A4-B, lane 3) than untreated precipitates 

(Figure 3.3 A+B, lane 2), Indicating the presence of slallc acid. Further 

treatment with 0-glycanase cause the bands to shift slightly further confirming
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the presence of 0-llnked sugars (Figure 3.3A+B, lane 4).

The faster migrating CD8p polypeptide on activated T cells was shown 

to be due to changes In the slalylatlon of the protein (Casabo et al., 1994). In 

order to determine why and how this specific change In glycosylation was 

occurring, It was necessary to Investigate the structure of the O-llnked sugars 

In more detail using lectins. Lectins are proteins which bind to specific 

carbohydrate structures and can be used to precipitate glycoproteins and 

Identify the type of N- or 0-llnked glycosylation present. To Investigate the 

slalylatlon of CDS from thymocytes, peripheral and activated T cells, 3 lectins 

were used. Peanut agglutinin (PNA) Is specific for the core 1 structure of O- 

llnked sugars (Gaipi,3GalNAc) but cannot bind to sialylated O-glycosylatlon 

because the core structure becomes 'masked'. MAA {Maackia amurensis) and 

SNA {Sambucus nigra bark) are specific for the two distinct slallc acid 

linkages found In mammalian cells. MAA (Maackia amurensis) Is specific for 

the a2-3 linkage of slallc acid to galactose produced by a2,3- 

slalyltransferases and SNA (Sambucus nigra bark) Is specific for the «2-6 

linkage to GalNAc residues produced by «2,6-slalyltransferases (Table 3.1). 

Blotlnylated lectins were used to precipitate glycoprotein with streptavldin 

agarose and the presence of the CDS complex determined by western blotting 

and probing with a rabbit antisera specific for N-termlnus of CDBa (Figure 

3.4). Precipitation with antl-CDBp beads was Included as a positive control.

The CDS complex from thymocytes could be precipitated with the PNA 

and SNA lectins but not the MAA lectin (Figure 3.4A). CDS molecules from 

peripheral T cells were only Immunoprecipitated by SNA and not PNA or MAA 

(Figure 3.4B). This confirms the previous report by Wu et al. (1996) that CDS 

molecules on Immature thymocytes could bind PNA. They found that due to 

Increased slalylatlon this binding disappears on mature T cells unless treated 

with neuraminidase to remove the slallc acid residues. The binding of SNA,
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but not MAA, to the CD8 complex Indicates the presence of an «2-6 linkage of 

the slallc acid to galactose, and no «2-3 linkage. CD8 from activated T cells 

could only be precipitated by SNA Indicating the presence of «2-6 linked 

slallc acid (Figure 3.4C). Whereas In resting T cells SNA precipitated 

equivalent amounts of CD8 to that precipitated with the antl-CD8p control, 

CD8 from activated T cells showed a considerable reduction In reactivity with 

SNA Indicating that although still present the amount of «2-6 slallc acid was 

significantly reduced. Unexpectedly the reduced slalylatlon of the CD8p chain 

on activated T cell did not allow the binding of PNA. This suggests either the 

core glycan structure remains masked, or has become altered. The slallc acid 

binding did not alter on activation and was still joined to galactose In an «2-6 

linkage, although It appeared to be greatly reduced.

Table 3.1 Lectins

Lectin Mol. Wt. Specificity Detection

PNA 120 p-gal(1-3)galNAc C ore l

EGA 56.8 p-gal(1-4)glcNAc Core 2

SNA 140 «-NeuNAc(2-6)galNAc «2-6 slallc acid

MAA 130 «-NeuNAc(2-3)gal «2-3 slallc acid

CD43 has previously been shown to change Its 0-glycan core 1 

structure on resting T cells to a core 2 structure on activated T cells due to a 

dramatic shift In the 0-glycan biosynthetic pathway (Figure 3.11). Since the O- 

glycans of CD8 have a core 1 structure they may be similarly affected by these 

changes In the enzymatic pathway. In order to determine If the O-glycosylatlon
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core structure of CDS alters to a core 2 structure on activation, an additionai 

lectins from Erythrina cristagalli (EGA) was used. EGA is specific for p-gal(1-

4)GlcNAc sugars of core 2 and will only precipitate CDS if this structure is 

present.

To detect the core structure of the CDS molecule more easily, GDBp 

precipitates from resting and activated T lymphocytes from F5 mice were 

treated with neuraminidase to remove any sialic acid residues which may 

mask the core structure. The treated GOB molecules were then removed from 

the beads and reprecipitated with PNA (Figure 3.5, lane 2) and EGA (Figure 

3.5, lane 3) to detect the core 0-glycan structure, and SNA (Figure 3.5, lane 4) 

to ensure the neuraminidase treatment had successfully removed the sialic 

acid residues. The precipiates were run on an SDS-PAGE, western blotted 

and the presence of the GDB complex detected with antisera specific for the 

N-terminus of GDBa. The GDB complex from resting T cells could be 

precipitated with PNA and very slightly with EGA, although GDBa was not 

efficiently precipitated with PNA in this experiment. This showed the GDB O- 

glycans from resting T cells have predominantly the core 1 structure. The GDB 

complex from activated T cells could be mostly precipiated with EGA, but 

some GDBa' could also be precipitated with PNA. This suggests the GDB 

complex from activated T lymphocytes have predominantly the core 2 

structure. The GDB complex could not be precipitated with SNA from either 

resting or activated T cells showing the neuraminidase treatment had been 

sucessful and no sialic acid residues were present. These data show the GDB 

complex appears to alter the core structure of its core 0-glycans upon 

activation with a shift from the core 1 to the core 2 structure. As the lectins 

were precipitating the di-sulphide linked GDBap heterodimer, it is not known if 

this change is specific for GDBp. Unlike GDBp, GDBa does appear to be 

sialylated on activated T cells since neuraminidase treatment causes the 

GDBa bands to migrate faster (Figure 3.5, anti-GDBp precipitate) compared to
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untreated controls (Figure 3.5, EGA precipitate), and could also account for 

the residual reactivity with SNA (Figure 3.40). This suggests the 

hyposialylation of CD8p on activated T cells is specific for CDSp, and does not 

occurs to CD8a which remains sensitive to neuraminidase. This is preliminary 

data and further lectin studies are required to confirm the change in the core 

0-glycan structure, and to determine if this causes the hyposialylation of 

CD8p.

3.4 A 14kDa polypeptide co-lmmunopreclpltates with the CDS 
complex.

It had been found in the laboratory that a protein of 14kDa molecular 

weight could be co-immunoprecipitated with CD8 from resting T cells. Upon 

activation this co-immunoprecipitating band was no longer observed. In order 

to try and establish the identity of the 14kDa protein and ascertain whether it 

may be specifically associated with CD8p, further biochemical analysis was 

undertaken.

Mouse thymocytes were either cell surface iodinated (Figure 3.6A), or 

metabolically labelled by incorporation of 3% methionine and cysteine 

(Figure 3.6B). The cells were lysed and CD8 immunoprecipitates resolved by 

SDS-PAGE under reducing conditions. The three bands corresponding to the 

three GD8 polypeptides: GD8a (38kDa), GD8a' (32kDa) and GD8p (27- 

28kDa) could be visualised in both labelled samples. The novel polypeptide 

with a molecular weight of 14kDa was identified associating with the GD8 

complex in lysates from surface labelled thymocytes (Figure 3.6A), but not in 

lysates from metabolically labelled thymocytes (Figure 3.6B) although it is 

possible that the labelling was not sufficient to see the 14kDa protein. 

However it is likely that the protein associates with GD8 on the cell surface, 

indicating it may interact with the external domains of GD8. A second band of 

approximately 26kDa protein was also found to co-immunoprecipitate with the
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CDS complex from lysates from metabolically labelled thymocytes (Figure 

3.6B), but could not be detected when CDS was precipitated from surface 

labelled thymocyte lysates (Figure 3.6A), suggesting it is found within the cell. 

This 26kDa protein was previously documented as a novel polypeptide 

distinct from both GDBa and CDSp (Casabo, 1992), and will be discussed in 

further detail in Chapter Four.

To investigate whether the 14kDa protein was present in the CDS 

complex from mature cells in addition to thymocytes and whether its presence 

changed during activation, F5 transgenic TCR mice were used. These mice 

have large numbers of CDS T cells which uniformly respond to the same 

peptide antigen. Iodinated lymphocytes from the spleen of resting and 

activated F5 mice were lysed and CDS immunoprecipitates analysed (Figure 

3.7). The novel 14kDa polypeptide was present in large amounts in the CDS 

immunoprecipitates from thymocytes and resting mature T cells, but on 

activation the 14kDa band disappeared from the CDS complex. The 14kDa 

band did not co-precipitate with anti-CD3 beads, although a small amount 

appeared to precipitate with CD45 beads, however it seemed to be primarily 

associated with the CDS complex.

3.5 The 14kDa polypeptide contains sialylated 0-llnked sugars 

but does not associate with the CDSp chain.

The 14kDa polypeptide was found to associate with the CDS complex 

on thymocytes and resting T cells, but not when the T cells were activated. 

Since the CDSp molecule had already been shown to alter its 0-glycosylation 

on activation it suggested the presence of the 14kDa band may be linked to 

these changes. The possibility that the 14kDa polypeptide may be a lectin 

which could bind specifically to the carbohydrate residues in the hinge region 

of the CDSp molecule was considered. In this case it would also be likely that
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such a protein could be associated to some extent with CD45 as this too is 

heavily 0-glycosylated. Furthermore, the change in glycosylation of CD8p on 

activation could be the reason the protein was no longer found to associate 

with the complex. Galectin-1 is a lectin-binding protein, which has recently 

been described in thymocytes and has the same molecular weight as the co- 

precipitating 14kDa protein (Barondes etal., 1994) and was investigated as a 

candidate molecule.

Galectin 1 is a homodimer of 14kDa subunits, whose precise function is 

unknown but has been shown to mediate cell-cell and cell-substrate adhesion 

by bridging glycoconjugate molecules on opposing surfaces (Barondes at a!.,

1994). Thymocytes have been shown to bind galectin-1 and T cell surface 

ligands recognised by galectin-1 include glycoproteins bearing similar O- 

linked sugars to CDS, such as CD43 and CD45 (Baum at a!., 1995). The 

degree of binding of galectin-1 to thymocytes correlates with the maturation 

stage of the cell and may be regulated by the expression of relevant 

oligosaccharide ligands on the cell surface. Galectin-1 has also been shown 

to bind to resting T cells and induce apoptosis of activated T cells, showing 

that it may have a regulatory role in the immune system (Perillo at a!., 1995).

To investigate whether the 14kDa polypeptide was galectin-1, western 

blot analysis was performed on CDS and galectin-1 immunoprecipitates from 

BIO lymphocytes using rabbit antisera specific for CDSa cytoplasmic domain 

(Figure 3.SA), and a sheep anti-galectin antibody (Figure 3.SB). Western blot 

analysis of galectin-1 immunoprecipitates showed no 3SkDa CDSa band 

detectable with antisera specific for the cytoplasmic tail of CDSa (Figure 3.SA, 

lane 3), but a strong 14kDa band when probed with antisera specific for 

galectin-1 (Figure 3.SB, lane 3). In addition, CDS immunoprecipitates western 

blotted and probed with the galectin-1 antisera showed the 14kDa galectin-1 

molecule did not co-precipitate with the CDS complex (Figure 3.SB, lane 5).
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This confirmed that the novel 14kDa molecule associated with CD8 was not 

galectln-1, however It was still possible that the 14kDa polypeptide was a 

lectln-type molecule.

To resolve whether the 14kDa molecule was a lectin or associated with 

the glycosylation of the CD8 complex, the N- and 0-llnked sugars of the 

complex were removed and the presence of the 14kDa band In the CD8 

Immunoprécipitations Investigated (Figure 3.9). After treatment with Endo F 

and N-glycanase to remove N-llnked sugars the 14kDa band was still present 

(Figure 3.9, lane 3). After treatment with neuraminidase to remove slalylatlon 

(Figure 3.9, lane 4), or 0-glycanase to remove 0-llnked sugars (Figure 3.9, 

lane 5), the 14kDa band disappeared but a new slightly faster migrating band 

appeared. Thus the 14kDa polypeptide remains associated with the CD8 

complex even after removal of N- or O-glycosylatlon and Is therefore unlikely 

to be a lectin molecule. In addition the 14kDa protein appears to contain 

sialylated 0-llnked sugars, but no N-llnked sugars, however specific antisera 

would be needed to confirm this once the protein Is Identified.

To determine If the 14kDa molecule Is associated with the CD8p chain, 

Iodinated thymocytes from wild type and CD8p-deflclent mice (CD8po, 

discussed In Chapter Four) were precipitated with antl-CD8a beads (Figure

3.10) and analysed using SDS-PAGE. The 14kDa band could be detected In 

Immunoprecipitates from both the wild type and knockout mice, suggesting 

that the polypeptide does not specifically associate with CD8p molecule, but Is 

associating perhaps via an Interaction with the CD8a polypeptide.

3.6 Discussion

In this chapter It was shown that the CD8p chain alters Its glycosylation 

on activation causing a shift to a faster migrating species on SDS-PAGE.
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Lectin analysis shows thymocytes and peripheral T cells have a core 1 O- 

glycan structure which is bound by PNA. As the cells mature the core structure 

becomes masked by sialic acid joined in an «2-6 linkage to galactose. On 

activation CD8 alters the core structure of its O-glycosylation from a core 1 to a 

predominantly core 2 structure bound by EGA. The O-linked sugars of CDSp 

become hyposialylated which appears to be specific, since the 0-glycans of 

CD8a remain sialylated with no shift seen in migration on SDS-PAGE. Data 

was also presented which showed that a novel 14kDa polypeptide is 

associated with the CD8 complex from thymocytes and resting T cells, but not 

from activated I  cells.

3.6.1 Alteration In glycosylation

O-glycosylation is based on the addition of monosaccharides to serine 

and threonine residues of polypeptides (Goochee et a/., 1991), and is often 

found on cell membrane glycoproteins. Multiple glycosylation sites tend to be 

clustered over short stretches of peptide and are proposed to function in a 

structural way (Hounsell ef a/., 1996). They help to rigidity areas of the protein 

to form extended arms forcing functional globular domains away from the 

membrane, and protecting these arms from proteolysis. The site of the O- 

linked glycosylation has been mapped in the human and rat C D 8a 

glycoprotein and is clustered in the hinge region of the molecule (Classon at 

a/., 1992; Pascale et al., 1992a). Although the precise sites of the sugars 

attachments have not been mapped for murine CD8a and CD8p, the hinge 

region is highly conserved across species with a similar amino acid 

composition of serine and threonine residues interspersed with prolines. This 

suggests that the hinge region of CD8p is the site of the O-linked glycosylation 

shown to be hyposialylation when T cells are activated (Casabo etal., 1994).
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The C D 8a chain interacts with the a3 domain of the MHC class I 

molecule, which is similar to the region of the MHC class II molecule (p2 

domain) contacted by the CD4 molecule. Unlike CD4, which has four external 

domains and at approximately 130Â can easily access the p2 domain of a 

class II MHC molecule in the TCR complex, CD8 has only one Ig-like domain 

which is approximately 35À and is connected to the membrane by a 

polypeptide linker of 45 amino acids in the a chain and 32 amino acids in p 

chain. For the CD8a molecule to bind to the membrane proximal domain of 

class I MHC it is proposed that the hinge region would need to adopt an 

extended structure. The presence of O-linked glycosylation and proline 

residues are features of extended polypeptide structures, protecting from 

proteolysis and helping to maintain and stabilise their conformation. Amino 

acids bearing carbohydrate chains have an average length of approximately 

0.25 nm per residue, up to a maximum of 0.36 nm (Jentoft,1990). This would 

give C D8a an overall length to allow the Ig-like domain to interact with the a3 

domain of an MHC molecule (Classon etal., 1992). The hinge region of CD8p 

has not been studied in any detail but the presence of O-linked sugars and its 

dimérisation with CD8a, suggests it also has an extended conformation.

The addition of O-linked sugars is a post-translational event which 

appears to occur as the molecule is transported through the ER-plasma 

membrane pathway to the cell surface, with modification by numerous 

glycosyltransferases localised in the Golgi complex (Pascale et al., 1992a+b). 

The majority of O-linked sugars on membrane glycoproteins have a type 1 

core structure which is recognised by the lectin PNA, and sialic acid linked a2- 

3 to galactose and/or «2-6 to GalNAc residues. Immature thymocytes express 

significant amounts of PNA-specific glycans on their cell surfaces, and three 

major glycoproteins have been identified which precipitate with PNA; CD45, 

CD43 and C D 8a (Wu et al., 1996). As the cells mature the glycoproteins 

increase the sialylation of their O-linked sugars due to increased
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sialyltransferase activity (Despont et al., 1975), which masks the core 1 

structure recognised by PNA. Lectin analysis in this chapter has shown that 

the O-glycosylation of the CDS complex from thymocytes and resting T cells 

has a core 1 structure and that the sialic acid is joined only in an «2-6 and not 

the «2-3 linkage to GalNAc residues.

Considering the 0-glycans of CD43, CD45 and CD8« all become more 

heavily sialylated as thymocytes mature, it would appear that the change in 

the sialylation of the CDSp chain is a general change associated with 

differentiation. The function of this regulated sialylation during differentiation is 

unknown, but it has been suggested sialylation may regulate the movement of 

I  cells from the thymic cortex to the medulla (Sharon, 1983), or may be 

involved in thymic selection by regulating signal transduction (Gillespie at a/., 

1993).

Lectin analysis suggests the change in the glycosylation in the CD8p 

chain on activation may differ from the altered sialylation during development. 

The glycoprotein was found to be hyposialylated compared with resting T 

cells, but could not bind PNA. This indicated that the core 0-glycan structure 

may be altered as well as the sialic acid levels. A change in the carbohydrate 

structure of CD43 occurs on activation of T cells and is due to a dramatic shift 

in the biosynthetic pathway of 0-g lycans. The level of two 

glycosyltransferases, «2-6 s ia ly l t rans fe rase  and p i -6 N- 

acetylglucosaminyltransferase, were found to alter between resting and 

activated T lymphocytes. The «2-6 sialyltransferase activity was reduced after 

activation by IL-2 or anti-CD3, whereas p i -6 N-acetylglucosaminyltransferase 

increased substantially from almost undetectable levels in resting cells (Piller 

et al., 1988). These two enzymes share the same acceptor molecule, Gaipi- 

3GalNAc«, and this suggests that O-linked glycosylation may change during T 

cell activation with reduction of the «2-6 linkage of sialic acid to galactose and
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replacement of core 1 0-glycans with predominately core 2 structures (Figure

3.11). The CD8 molecules from resting I  cells have a core 1 structure and 

lectin analysis confirmed that sialic acid is joined in an a2-6 linkage, 

indicating they could be influenced by these biochemical changes. The CDS 

complex from activated T cells could be precipitated with the lectin EGA which 

recognises the core 2 structure, confirming this was true. The shift in 0-glycan 

structure on activation was incomplete since the core 1 structure and the 

presence of the «2-6 linkage of sialic acid could still be detected, although 

reduced. Sialic acid can only be joined to the core 2 structure in an «2-3 

linkage recognised by the lectin MAA, but none of this linkage could be 

detected. This suggests the core 1 structure and sialic acid may be present on 

the CD8« glycoprotein since this remains sialylated wheras the de-slalylated 

CD8p contains core 2 structures only.

Activated T cells have also been reported to express elevated levels of 

endogenous neuraminidase activity exclusively associated with the 

membrane, which is believed to control the level of cell-surface sialic acid 

(Landolfi et a/., 1985). The neuraminidase removes sialic acid residues 

producing hyposialylated cell surface molecules and has been linked to T cell 

responsiveness (Taira and Nariuchi, 1988). Mice deficient for neuraminidase 

(neu-ia) have hypersialylated molecules and have a relatively low reactivity to 

B cell stimulation (Landolfi and Cooke, 1986). This change in enzyme activity 

upon T cell activation shows the presence of sialic acid may be altered 

between resting and activated cells, and may cause the specific change in 

CD8p.

The hyposialylation of the CD8p molecule occurs on those cells, 

activated T cells, which are expected to be actively using the CD8 molecule 

for recognition of MHC. This implies the altered glycosylation of the CD8p 

molecule is significant in its interaction within the TCR complex. Homodimers
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of CD8a have been shown to Interact with the a3 domain of MHC class I 

molecules (Salter et at., 1990), Increasing the avidity of the TCR for the 

antlgen-MHC complex. More recently, crystallography studies of the complex 

between human C D 8aa and HLA-A2 have reported that CD8a has additional 

Interactions with the a2 domain of class I and p2m (Gao et a/., 1997). The 

crystal structure of the C D8ap heterodimers and class I complex has not been 

reported, but CD8p has also been shown to be capable of Independent 

Interactions with class I molecules (Wheeler et a/., 1998). It has also been 

suggested that the extracellular portion of CD8p may be uniquely capable of 

Interacting with the TCR/CD3 complex (Wheeler et ai, 1998). If the varlable- 

domaln of CD8p Interacts with class I MHC, the area most likely to Interact with 

the TCR/CD3 complex would be the hinge region of the molecule. Since this 

regions of CD8p Is dominated by O-glycosylatlon, the change In slalylatlon 

and glycosylation between resting and activated cells may be Important for 

these Interactions.

3.6.2 The 14kDa Polypeptide

A novel 14kDa polypeptide was found to associate with the CD8 

complex from thymocytes and resting T cells, but not from activated T cells. 

The presence of the copreclpltating 14kDa band was thought to be linked to 

the changes of the CD8p glycosylation on T cell activation. The absence of the 

protein from the CD8 complex of metabolically labelled thymocytes suggested 

the 14kDa protein associated with CD8 only on the surface of the T cell 

through Its extracellular domains. This would mean the 14kDa protein was 

either on the surface of the T cell or Interacting with CD8 from the surface of a 

nearby cell. Recently human thymic epithelial cells were reported to produce a 

protein, galectln-1, that binds to oligosaccharides on thymocytes (Baum et ai,

1995).
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Galectin 1 is a homodimer of 14kDa subunits with no posttranslational 

modifications (Barondes et al., 1994). The precise function of galectin-1 is 

unknown, but has been shown to mediate cell-cell and cell-substrate 

adhesion by bridging glycoconjugate molecules on opposing surfaces 

(Barondes etal., 1994). Thymocytes have been shown to bind galectin-1 and 

T cell surface ligands recognised by galectin-1 include glycoproteins bearing 

similar O-linked sugars to CD8, such as CD43 and CD45 (Baum et a!., 1995). 

The degree of binding of galectin-1 to thymocytes correlates with the 

maturation stage of the cell and may be regulated by the expression of 

relevant oligosaccharide ligands on the cell surface which vary during 

differentiation. Galectin-1 has been implicated in the apoptosis of activated T 

cells (Perillo et a/., 1995) and immature thymocytes (Perillo et a!., 1997), 

showing it may have a regulatory role in the immune system.

Galectin-1 was a good candidate for the 14kDa protein based on size 

and the similarity of the glycosylated CD8 hinge region to proteins known to 

associate with galectin-1, including CD43 and CD45. However further 

investigation using immunoprécipitation studies and western blotting found no 

association of galectin-1 with the CD8 complex. Furthermore the 14kDa 

protein was shown not to be a lectin since it could be co-precipitated even 

after enzymatic removal of the sugars from the CD8 polypeptides.

Further investigation of the 14kDa protein indicated it contained 

sialylated O-linked sugars, but no N-linked sugars. Availability of the CD8po 

mice allowed us to test whether the 14kDa protein was specifically associated 

with CD8 via interaction with the CD8p polypeptide. Precipitation of the CD8 

complex from the mutant mice showed the 14kDa protein was still associated 

with the complex, suggesting it is not interacting with the CD8p chain but 

rather with the CD8a polypeptide. Other molecules which were considered as 

candidates for the 14kDa protein include members of the Ly-6 family which
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are relatively small (10-18kDa), contain sialylated O-linked sugars but no N- 

linked sugars and are expressed on the cell surface of hematopoietic cells 

anchored to the membrane via phosphatidylinositol-linkage (Rock et al., 

1989). However preliminary analysis suggested that the 14kDa protein was 

distinct from Lyt-6 (data not shown). Since the protein did not associate with 

CD8p and the most reasonable way forward would be mass spectrometry and 

sequencing analysis, the characterisation of the protein was not pursued 

further due to time constraints.
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FIGURE 3.1

The CDS complex from resting and activated T lymphocytes

Thymocytes (lane 1), lymphocytes (lane 2) and lymphocytes activated in 

vitro for three days with ConA (lane 3) from wlldtype (B10) mice were cell 

surface labelled with ‘•25|-shpp, lysed and precipitated with anti-CDSp beads 

(YTS 156). Rat Ig beads were used as a precipitation control. Precipitates were 

run under reducing conditions on a 12.5% SDS-PAGE. Molecular weight 

markers and individual polypeptide chains are indicated.
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FIGURE 3.2

The CDSp protein shifts to a faster migrating species on T ceii activation

Resting I  cells (lane B) and I  cells activated in vivo (lane A) from F5 

TCR transgenic mice, and wildtype (810) lymphocytes activated in vitro for 

three days with ConA from wildtype (BIO) mice (lane C) were lysed and 

precipitated with anti-CD8p beads (YTS 156). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE, blotted onto nitrocellulose 

membrane and probed with rabbit antisera specific for the COOH-terminal of 

CDSp. Proteins were visualised using the ECL detection system. Reproduced 

from Dr Rose Zamoyska.

95



A B C

CD8(3

96



FIGURE 3.3

The CDSa, CDSa' and CDSp proteins contain N- and 0-iinked sugars

Thymocytes from wildtype (B10) mice were lysed and precipitated with 

anti-CDSp beads (YTS 156). CDSp precipitates were treated with 

neuraminidase (lane 3), neuraminidase plus 0-Glycanase (lane 4), Endo H 

(lane 5), N-Glycanase (lane 6) overnight at 37“C, or left untreated (lane 2). Rat 

Ig beads were used as a precipitation control (lane 1). Precipitates were run 

under reducing conditions on a 12.5% SDS-PAGE, blotted onto nitrocellulose 

membrane and probed with rabbit antisera specific for N-terminus of CD8a, 

2320 (panel A), or rabbit antisera specific for CD8p, R280 (panel B). Proteins 

were visualised using the ECL detection system. Molecular weight markers and 

individual polypeptide chains are indicated.
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FIGURE 3.4

The 0-glycans of the CDS complex have a core 1 structure and sialic acid 

joined in an «2-6 linkage to GalNAc

Thymocytes (panel A), resting I  lymphocytes (panel B) and activated I  

lymphocytes (panel C) from F5 TCR transgenic mice were lysed and 

precipitated with anti-CD8p beads (YTS 156), biotinylated PNA, SNA or MAA 

lectins plus steptavidin (S/A) agarose, or streptavldin agarose alone. Rat Ig 

beads were used as a precipitation control. Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE, blotted onto nitrocellulose 

membrane and probed with rabbit antisera specific for the N-terminus of CD8a, 

2320. Proteins were visualised using the ECL detection system. Molecular 

weight markers and individual polypeptide chains are indicated.
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FIGURE 3.5

The 0-glycans of CDS change to a core 2 structure on activation

Resting T lymphocytes and activated T lymphocytes from F5 IC R  

transgenic mice were lysed and precipitated with anti-CDSp beads (YTS 156). 

The precipitates were treated with neuraminidase and dissociated from the 

beads. The proteins were then reprecipitated with biotinylated PNA, EGA or 

SNA lectins plus steptavidin(S/A) agarose, or streptavidin agarose alone. Rat Ig 

beads and untreated CDSp precipitates from activated T lymphocytes were run 

as precipitation controls. Precipitates were run under reducing conditions on a 

12.5% SDS-PAGE, blotted onto nitrocellulose membrane and probed with 

rabbit antisera specific for the N-terminus of CD8a, 2320. Proteins were 

visualised using the ECL detection system. Molecular weight markers and 

individual polypeptide chains are indicated.
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FIGURE 3.6

A 14kDa polypeptide associates with the CDS complex from cell surface 

labelled thymocytes.

Thymocytes from wildtype (B10) mice were cell surface labelled with 

■•251-SHPP (panel A) or metabollcally labelled with 35s-met/cys for 90 minutes 

(panel B). In both cases the cells were lysed and precipitated with anti-CD8a 

beads (YTS 169.4v). Rat Ig beads were used as a precipitation control. 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE. 

Molecular weight markers and individual polypeptide chains are indicated.
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FIGURE 3.7

The 14kDa protein associates with the CDS compiex from resting but not 

activated T celis

Thymocytes, resting T lymphocytes and activated T lymphocytes from 

F5 ICR transgenic mice were cell surface labelled with ‘•25|_s h p P, lysed and 

precipitated with anti-CD3 beads (2C11), anti-CD45 (M193) beads, and anti- 

CDSp beads (YTS 156). Rat Ig beads were used as a precipitation control. 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE. 

Molecular weight markers and individual polypeptide chains are indicated. 

Reproduced from Dr Rose Zamoyska.
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FIGURE 3.8

Galectin-1 does not associate with the CDS complex

Thymocytes from wildtype (B10) mice were lysed and precipitated with 

anti-CD8a beads (YTS 169.4v, lane 5), or anti-Galectin antibody and protein G 

sepharose (lane 3). Rat Ig beads (lane 4) and protein G sepharose (lane 2) 

were used as a precipitation controls. I jaI of murine epididymus lysate was 

used as a galectin-1 positive control (lane 1). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE, blotted onto nitrocellulose 

membrane and probed with rabbit antisera specific for the cytoplasmic tail of 

CD8a, 2245 (panel A) or sheep anti-galectin-1 antibody, 2487 (panel B). 

Proteins were visualised using the ECL detection system. Molecular weight 

markers and individual polypeptide chains are indicated.
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FIGURE 3.9

The 14kDa polypeptide is not a lectin and contains siaiyiated 0-iinked 

sugars

Thymocytes from wildtype (B10) mice were cell surface labelled using 

■•251-s h p P, lysed and precipitated with anti-CD8a beads (YTS 169.4v). The 

CD8a precipitates were treated with N-Glycanase (lane 3), neuraminidase (lane 

4), neuraminidase plus 0-Glycanase (lane 5) or left untreated (lane 2). Rat Ig 

beads were used as a precipitation control (lane 1 ). Precipitates were run under 

reducing conditions on a 12.5% SDS-PAGE. Molecular weight markers and 

individual polypeptide chains are indicated.
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FIGURE 3.10

The 14kDa polypeptide associates with the CDS complex from CDSp* 

mice

Thymocytes from wildtype (CD8P+/+) and CD8p° mice were cell surface 

labelled using '•25|-SHPP, lysed and precipitated with anti-CD8a beads (YTS 

169.4V). Rat Ig beads were used as a precipitation control. Precipitates were 

run under reducing conditions on a 12.5% SDS-PAGE. Molecular weight 

markers and individual polypeptide chains are indicated.
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FIGURE 3.11

The biosynthesis of the 0-iinked sugars on CD43 in resting and activated 

T ceils

The biosynthetic pathway of the 0-linked sugars on CD43 from resting 

and activated T cells is shown, with the glycosylation enzymes involved in each 

stage highlighted. A dramatic decrease of «2-6 sialyltransferase activity and a 

parallel dramatic stimulation of the p1-6GlcNAc-transferase on T cell activation 

causes the O-glycan structure to shift from a core 1 structure on resting T cells 

to a core 2 structure on activated T cells. Reproduced from Piller et ai, 1988.
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CHAPTER FOUR

Analysis of the CD8f) knockout mice

4.1 Introduction

CD8 is almost exclusively expressed as an ap  heterodimer form on the 

surface of class I MHC restricted T cells, although an aa  homodimers form can 

be found intracellularly. Surface composition of the CD8 heterodimer is 

regulated in a developmental fashion, with CD8a'p heterodimers found on the 

surface of thymocytes but not mature T cells, although they are found 

intracellularly (Walker et al., 1984; Zamoyska and Parnes, 1988). 

Extrathymically generated cells, such as natural killer (NK) cells and 

intraepithélial T cells, have been shown to express a a  homodimers on their 

cell surface, but are not class I MHC restricted (Moebius et a!., 1991). This 

suggests that the CD8p chain may have a distinct role in the development or

function of class I MHC restricted I  cells.

Early studies of the importance of CD8 as a co-receptor have 

concentrated on the a  molecule, independently of p as a a  homodimers are 

readily expressed in transfection studies. The extracellular domain of CD8a 

has been shown to bind to the a3 and a2 portion of MHC class-1 molecules 

(Salter et a/., 1990, Gao et a/., 1997), serving as a coreceptor to enhance 

affinity of T cells to their target cell. The cytoplasmic portion of C D8a 

associates with Lck (Veillette et a/., 1988) and is involved with signalling 

events. In a mutant mouse strain lacking expression of CD8a, through 

disruption of the Lyt-2 gene, no MHC class I restricted T lymphocytes were 

found in the peripheral lymphoid organs (Fung-Leung et a/., 1991). These 

results indicated that CD8 is necessary for the maturation and positive
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selection of MHC class-1 restricted T cells.

Less Is known about the function of the GD8p molecule since It can 

only be expressed on the cell surface In association with the a chain, which 

makes It more difficult to assess Its Importance (Gorman et ai, 1988). However 

disruption of the CD8p gene (Lyt-3) results In development of only 20%-30% 

of the normal number of peripheral class I restricted T cells (Crooks and 

LIttman, 1994; Fung-Leung etal., 1994). In contrast, extrathymically generated 

CD8+ cells, which express the C D 8aa  homodlmer, are present In normal 

numbers In these mice. This suggests that the CD8p polypeptide may have an 

Important role In I  cell maturation In the thymus. The Interference with 

development appears to be subsequent to the DP stage (CD4+CD8+) as 

these numbers are normal, and may be due to a requirement for CD8p In the 

positive selection of class I MHC restricted T cells (Nakayama at a/., 1994). In 

addition negative selection was also found to be Impaired In CD8p knockout 

mice since crossing to mice expressing a TCP transgene specific for H-Y 

resulted In a recovery of the numbers of DP thymocytes In male mice (Crooks 

and LIttman 1994). The T cells that do mature In the CD8p knockout mouse 

express C D 8aa homodimers alone and have a restricted set of TCRs (Crooks 

and LIttman 1994). These cells appear to have normal CTL activity, but the 

fact that they can differentiate without CD8p may also mean they have 

compensated for Its loss In some way and can function without It, therefore It 

can not be ruled out that CD8p Is Important for CTL generation and function In 

normal mice.

The biochemistry of the CD8 complex from CD8p° mice has not been 

studied In any detail. Previous studies by Casabo (1992) had Identified a 

polypeptide of 26kDa which co-preclpltates with the CD8 complex from 

metabollcally labelled T cells, and was thought to be associating with the 

CD8p chain although this was not shown directly. Since the 26kDa protein
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was only found intracellularly and has endo H sensitive sugars it does not 

appear to get to the cell surface. Therefore one possibility was that it was a 

chaperone molecule involved in the regulation of the synthesis or surface 

expression of CD8. The availability of the CD8p° mice provided an 

opportunity to determine whether the 26kDa protein associates with the CD8p 

chain, and allow the role of CD8p in the biosynthesis and maturation of the 

CD8 complex to be investigated.

4.2 Analysis of T cell subsets In CDSp deficient mice

CD8po mice were kindly provided by Crooks and Littman who showed 

there was no expression of the CD8p protein in these animals (Crooks and 

Littman, 1994). C D8p° mice on a C57BL/10 background were analysed by 

flow cytometry after staining with antibodies specific for CD4 (YTA3.1.2), 

C D 8a (KT15-23.1) and CD8p (53.5.8). No staining with the CD8p antibody 

was detected on cells from C D8p° mice, confirming the absence of CD8p 

protein on the cell surface (Figure 4.1 A). The thymi of mutant mice show a 

consistent five fold decrease in the numbers of CD8 SP thymocytes present 

(Figure 4.1 A) as previously described (Crooks and Littman, 1994). The 

decrease in the CD8 SP thymocytes was associated with a slight increase in 

the percentage of CD4 SP thymocytes. The decrease in CD8 T cells alters the 

CD4:CD8 SP ratio from 2.1:1 in wildtype mice to 15.3:1 in the CD8p° (see 

Table 4.1). The immature DP thymocytes show a reduction in the mean 

fluorescence intensity of C D 8a staining by approximately 30% compared to 

wildtype mice as previously reported (Crook and Littman, 1994), however the 

C D 8a levels on CD8 SP thymocytes are equivalent to wildtype stainings. The 

reduction in CD8 T cells was reflected in the periphery of the C D 8p° mice with 

a 3-4 fold reduction in CD8a T cell numbers in the lymph node (Figure 4 .IB) 

and spleen (Figure 4.1C). In both cases the decrease in CD8 T cells resulted 

in an increased CD4:CD8 ratio of 15.5:1 in the lymph nodes and 14.3:1 in the
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spleen of the CD8p°, compared to 2.5:1 and 2.9:1 In the lymph node and 

spleen of wildtype mice (see Table 4.1).

Table 4.1 Percentage of CD4 and CD8 T cells In CD8p° and wildtype mice.

CD8B +/+ CD8B -/-

Thymus

% of CD4 SP thymocytes 6.11 ± 1.87 7.52 ± 2.42

% of CD8 SP thymocytes 2.86 ± 0.84 0.49 ± 0.31

CD4:CD8 ratio 2.1:1 15.3:1

n=10 n=11

Lymph node

% of CD4 lymphocytes 40.54 ± 7.81 55.74 ± 10.96

% of CD8 lymphocytes 16.09 ±4.18 3.59 ±1.21

CD4:CD8 ratio 2.5:1 15.5:1

n=10 n=11

Spleen

% of CD4 splenocytes 20.70 ±2.50 26.2 ±3.19

% of CD8 splenocytes 7.14 ±1.19 1.83 ±0.70

CD4:CD8 ratio 2.9:1 14.3:1

n=7 n=7

The CD8po mice were crossed with F5 TCP transgenic mice which 

express a class I MHC-restrlcted ap TCP specific for Influenza nucleoprotein 

peptide plus H-2Db (Townsend et al., 1984). On the PAG-1-deficient 

C57B1/10 background, F5 mice haye an Increase In CD8+ T cell numbers that 

express TCPs with a single antigenic specificity only and haye no 

differentiation of CD4 T cells. Thymocytes expressing the F5 TCP undergo 

posltlye selection and differentiate Into CD8 T cells, but this process was
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found to be impaired in mice lacking the CD8p chain. There was a consistent 

10 fold reduction in the number of CD8 SP thymocytes in F5 CD8p° mice 

compared to F5 controls (Figure 4.2A) which was reflected in the periphery by 

a 9-10 fold decrease in mature C D8a I  cells numbers in the spleen (Figure 

4.2C). Similar to that observed with C D8p° mice, F5 C D 8p° mice had a 

decrease in the level of CD8a on the cell surface of DP thymocytes, but levels 

on CD8 SP thymocytes and peripheral I  cells were comparable with control 

levels.

4.3 Biochemistry of CDSa and CDSa' on ceii surface of CDBpo 

mice

In order to look at the CD8 complex expressed on the cell surface in the 

absence of CD8p, thymocytes and peripheral T cells from wildtype (BIO) and 

CD8po mice were surface iodinated, lysed and the CD8 complex 

immunoprecipitated using anti-CD8a beads. Immunoprecipitates were 

resolved by SDS-PAGE under reducing conditions (Figure 4.3). In the CD8 

precipitation from CD8p° thymocytes two bands corresponding to the CD8a 

(38kDa) and CD8a' (32kDa) polypeptides can been seen (Figure 4.3B, lane 

1). No lower band at 27-28kDa can be visualised, which corresponds to the 

CD8p polypeptide in the wildtype CD8 precipitation (Figure 4.3A, lane 1). In 

the periphery, very little CD8a' is detectable in the CD8 complex from wildtype 

mice (Figure 4.3A, lane 2) as previously reported (Zamoyska et a/., 1985), but 

in the CD8p° mice the CD8a and CD8a' bands are of equal intensity (Figure 

4.3B, lane 2). This suggests that, unlike wildtype mice, in the CD8po mice 

C D 8a' is not retained intracellularly in mature T cells but is expressed on the 

cell surface in equal amounts to CD8a.

To examine if any changes in the glycosylation of the cell surface CD8a 

and GD8a' proteins occurred in the CD8p° mice, CD8 immunoprecipitates
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from surface Iodinated thymocytes were treated with N-glycanase and Endo F 

to remove N-llnked sugars (Figure 4.4, lane 3). The CDSa and CDSa' bands 

show a 9kDa reduction In size which Is comparable with the wildtype control. 

In several experiments It was not possible remove the N-llnked sugar from 

CDSp In wildtype precipitates using these enzymes. This did not appear to be 

a problem with the enzymes, since the N-llnked sugars of CDSa could be 

readily removed. In the glycosylation study shown In the previous chapter 

(Figure 3.3B, lane 6) It was possible to remove the N-llnked sugar of CDSp

using N-glycanase, but In this case the protein was denatured before 

enzymatic digestion. Therefore In the wildtype control the CDSp protein 

appears to be resistant to the enzyme treatment In Its native conformation, and 

has not changed Its migration In SDS-PAGE (Figure 4.4, lane 3). The CDSa 

band from the wildtype CDS precipitation falls onto the same region as the 

enzyme-resistant CDSp band. When treated with neuraminidase the CDSa 

and CDSa' band from both wildtype and CDSp° thymocytes are reduced to 

comparable extents In SDS-PAGE (Figure 4.4, lane 4) and reduced further by 

additional treatment with 0-glycanase (Figure 4.4, lane 5) confirming both 

have slallc acid and 0-llnked sugars present.

The CDSa and CDSa' protein from the CDSpo thymocytes have both N 

and 0-llnked sugars which, after enzyme treatment, com Ig rate with the 

wildtype CDSa and CDSa' bands. To confirm the 0-llnked sugars contained 

the same core structure and slallc acid linkage, lectin analysis was performed. 

CDS Immunoprecipitates from surface Iodinated thymocytes were precipitated 

with antl-CDSa beads, the heterodimers separated by reduction and 

alkylation treatment with lodoacetamlde to give the Individual CDSa and 

CDSa' proteins. The separate bands were then precipitated with biotinylated 

PNA, SNA and MAA lectins to examine the 0-llnked sugars In more detail. To 

ensure the proteins had been efficiently separated, the CDSa polypeptide was 

precipitated with rabbit antisera specific for the cytoplasmic domain of CDSa

120



bound to protein A sepharose. Both CD8a and CD8a' could be precipitated 

with PNA and SNA, but not MAA (Figure 4.5). This showed the 0-linked 

sugars have a core one structure and siaiic acid is joined in an «2-6 linkage to 

galactose. This is the same structure found in wildtype CD8a and CD8a' as 

shown in Chapter 3 (Figure 3.4). After neuraminidase treatment to remove ail 

sialic acid the presence of the core 0-linked sugar was confirmed by binding 

of PNA. To ensure sialyiation was present on the 0-linked sugars rather than 

N-linked sugars, the precipitates were treated with N-glycanase and Endo F 

before the lectin precipitation to remove N-linked sugars. SNA was still able to 

precipitate the C D8a and C D 8a’ bands in the absence of N-glycosyiation 

confirming the presence of sialic acid on the 0-glycans.

4.4 Analysis of the CDS complex from metabollcally labelled 

CDSpo thymocytes.

To investigate the CD8 compiex found intracellularly and the presence 

of the co-precipitating 26kDa polypeptide, thymocytes from wildtype and 

CD8po mice were metabollcally labelled by incorporation of 3% methionine 

and cysteine. The thymocytes were lysed and the CD8 compiex 

immunoprecipitated using anti-CD8a beads and resolved by SDS-PAGE 

under reducing conditions (Figure 4.6A). As described previously and shown 

in Figure 3.6, the CD8a and CD8a' bands migrate as diffuse bands of 

approximately 38kDa and 32kDa, and bands of equivalent sizes could be 

identified in the precipitates from wildtype and CD8p° mice, although in the 

latter precipitates a distinct band at the bottom of the broader species was also 

visible, in addition precipitates from wildtype mice contained a band of 

approximately 27-28kDa corresponding to CD8p and the band at 26kDa 

previously described by Casabo (1992). These two bands were absent from 

the CD8 complex from CD8p° thymocytes. However the CD8p° thymocytes 

also showed the presence of a band approximately 29kDa in size. It was
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possible this band could be a product of the targeted CD8p gene or related to 

the CD8a polypeptide, so the precipitates were screened by western blot 

using anti-CD8 antisera. As expected, blotting with antisera to CD8a N- 

terminal peptide reacted with the CD8a and CD8a' bands from both wildtype 

and CD8po mice (Figure 4.6B). In addition the 29kDa band from the CD8p° 

precipitate also reacted with the antisera suggesting the 29kDa band and 

C D 8a were related.

Since the 29kDa band was not seen in CD8 precipitates of surface 

labelled thymocytes, it was possible that it was a precursor polypeptide of 

C D8a. In this case the difference in size could reflect a lack of 

posttranslational modifications such as variability in the glycosylation of the 

bands. To examine whether a difference in sugar composition accounted for 

the altered migration between C D 8a and the 29kDa band, the N- and O- 

Iinked sugars were enzymatically removed. The complex was then run in a 

SDS-PAGE, western blotted and probed for CD8a and CD8a'.

In order to distinguish the C D8a and CD8a' products, the precipitates 

were first probed with an antisera specific for the C-terminus peptide of CD8a 

which recognises only the full length CD8a polypeptide and not the tailless 

C D 8a'. From both wildtype (Figure 4.7A, lane 2) and C D8p° (Figure 4.7B, 

lane 2) precipitates CD8a, but not CD8a', was detected as expected. The 

29kDa band could not be detected, but a band at approximately 35kDa was 

present in the C D8p° precipitate which appeared to be related to C D8a and 

was not apparent in the wildtype precipitate. This band may also have been 

present in the CD8 precipitations of metabolically labelled thymocytes from 

CD8po mice, but since it would comigrate with CD8a' it would not have been 

identified. The blot was then stripped and reprobed with antisera specific for 

the N-terminal peptide of CD8a, which will react with the C D8a and CD8a' 

bands. From both wildtype (Figure 4.7C, lane 2) and C D8p° (Figure 4.7D,

122



lane 2) precipitates C D8a' was detected as expected, but the CD8a band 

appears very faintly. This may be because the protein is masked in some way 

from the previous antibody which was not completely removed by the stripping 

process. In the C D8p° precipitates the 29kDa band can also be seen, 

suggesting it is related to CD8a'. Therefore in the C D8p° precipitate lower 

molecular weight products of both the CD8a and C D8a' molecules can be 

seen which are not apparent in the wildtype precipitates. In each case the 

band is approximately 3-4kDa smaller than the mature protein suggesting it is 

a precursor.

In order to characterise these smaller C D8a and C D 8a' bands further 

the proteins were treated with neuraminidase and 0-glycanase (Figure 4.7, 

lanes 3 and 4). Treatment with these enzymes causes the mature CD8a and 

C D 8a' protein to migrate faster in SDS-PAGE showing the removal of sialic 

acid and O-linked sugars as described previously in this chapter (Figure 4.4). 

Neither enzyme altered the migration of either the 29kDa or 35kDa bands in 

the CD8po precipitates suggesting they did not contain sialic acid or 0-linked 

sugars. After N-glycanase treatment (Figure 4.7, lane 5) the CD8a and CD8a' 

mature protein bands drop by approximately 9kDa showing the removal of 3 

N-linked sugars as previously described (Figure 4.4). A band can be seen at 

35kDa in both wildtype and CD8p° precipitations may to be due to incomplete 

removal of the N-linked glycosylation. This would represent removal of 1 N- 

linked sugars, and since 1 sugar from C D8a is of high mannose type this 

would be more easily digested than the two Endo H resistant sugars. The 

29kDa and 35kDa bands in the CD8po precipitates also drop by 

approximately 9kDa after N-glycanase treatment suggesting they also contain 

three N-linked sugars. This indicates that the 35kDa and 29kDa bands are 

partially glycosylated C D 8a and C D 8a' bands which appear to be N- 

glycosylated but lack all 0-glycosylation and sialyiation. This suggests they 

are precursor products which are retained in the ER in the absence of CD8p.
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4.5 Discussion

CDS is almost exclusively expressed as an ap heterodimer form on the 

cell surface of class I MHC restricted T cells, although an aa  homodimer form 

can be found intracellularly (Walker et al., 1984). Extrathymically generated T 

cells, such as natural killer cells and intraepithélial T cells, have been shown 

to express a a  homodimers of CDS on their cell surface, but are not class I 

MHC restricted (Moebius at a!., 1991). Mice defective in CDSp expression 

show a significant reduction in the number of CDS+ T cells in peripheral 

lymphoid organs (-20%) due to a defect in differentiation subsequent to the 

double positive stage of development in the thymus (Crooks and Littman, 

19S4; Nakayama at a!., 19S4). The I  cells which do mature express a a  

homodimers on the cell surface and may have a restricted set of TCRs due to 

impaired positive and negative selection in these mice. Mature T cells which 

developed in the absence of CDSp, were shown to mount a normal CTL 

response suggesting CDSp is dispensable for the activation and 

differentiation of cytotoxic function of these cells (Crooks and Littman, 1994). 

Differentiation of extrathymically derived CDS cells was unaffected by the loss 

of CDSp.

The CDSpo mice have been reported to show reduced mean 

fluorescence intensity of CDSa staining by approximately 30-35% on the 

immature DP thymocytes (Crooks and Littman, 1994), which was confirmed in 

this study. It is not known why this occurs, but it raises the possibility that the 

reduced levels of CDSa may be affecting the differentiation process rather 

than the loss of the CDSp chain. Mice heterozygous for the CDSa have been 

shown to have a 50% reduction in CDSa fluorescence intensity on the DP 

thymocytes (Fung-Leung at a!., 1991), but this has no significant effect on 

differentiation. In another set of experiments mice expressing a double 

negative transgenic cytoplasmic tail-deleted form of CDSp have reduced
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mature T cells numbers and yet the surface expression of CD8a was equal to 

wildtype expression (Itano et al., 1994). This Implies the change In CD8a 

levels cannot fully account for the decrease In CD8 T cell differentiation and 

that CD8p does has a specific role In differentiation.

4.5.1 Role of the CDS cytoplasmic domains

C D 8a has been shown to have a significant role In T-cell differentiation 

since mice lacking its expression have no differentiation of MHC class I- 

restrlcted I  cells (Fung-Leung at a!., 1991). If CD8a Is replaced by mutants 

lacking the cytoplasmic domain, differentiation does occur but is severely 

Impaired and requires very high levels of expression of the tailless molecules 

(Fung-Leung eta!., 1993). The C D 8a cytoplasmic domain associates with the 

protein tyrosine kinase, pSG'ck (Lck; Barber at a!., 1989). Lck Is a Src family 

kinase and Is critical for the Initiation of the Intracellular tyrosine kinase 

cascade In response to TCR triggering (Chalpupny at a/., 1991; Straus and 

Weiss, 1992).

The CD8p cytoplasmic domain does not Interact with Lck (Zamoyska at 

a!., 1989) and has no known protein binding motifs, but expression of a 

double negative transgene with deletion of this region of CD8p was found to 

Interfere with thymocyte development giving a 2-fold reduction In mature CD8 

T cells (Itano at a!., 1994). There Is some evidence available that CD8p may 

be able to Influence signalling through Lck, since the CD8ap heterodimer 

expressed In T cell hybrldomas appears to generate distinct signals to those 

expressing CD8aa (Irle at a!., 1995). CD8p is thought to stabilise the 

Interaction of Lck with CD8a and enhance the CD8/Lck-dependent tyrosine 

kinase activity (Irle at a!., 1995). Decreased CD8a-assoclated Lck activity has 

been observed with both the CD8p knockout and CD8p cytoplasmic tall 

deleted transgenic mice (Irle at a!., 1998). The degree of reduction In the
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CD8a-associated Lck activity was correlated with diminished cellular tyrosine 

phosphorylation and the severity of developmental impairment. This shows 

CD8p has a role in the enhancement of the CD8a-associated Lck kinase 

activity in the differentiation of CD8 single positive thymocytes.

4.5.2 Role of the external domains of CDSp

The greater severity of the CD8p knockout phenotype compared with 

the cytoplasmic tail-deleted transgenic CD8p mice suggests the external 

domains of CD8p may also be having an effect on T cell differentiation. In this 

chapter CD8p knockout mice expressing the F5 transgenic TCR were found to 

have a pronounced impairment of positive selection and differentiation into 

CD8 SP thymocytes, giving a 10-fold reduction in mature CD8 T cells. In 

contrast, F5TCR transgenic mice co-expressing the dominant negative CD8p 

cytoplasmic tail-deleted transgene had no apparent change in the percentage 

of F5 CD8 SP thymocytes which differentiate (Itano et al., 1994), unlike mice 

expressing polyclonal TORs which show a 2-fold reduction in CD8 SP cells. 

Therefore the F5 TCR may be more dependent on the function of the external 

domains of CD8p than the cytoplasmic tail.

The crystal structure of a complex between C D 8aa  homodimers and 

HLA-A2 has recently been solved and shows that the major binding site of 

CD8 is with the a3 domain of MHC class I molecules (Gao at a/., 1997), 

increasing the avidity of the TCR for antigen-MHC complex. C D8ap 

heterodimers expressed on T cell hybridomas were shown to be more 

effective than hybridomas expressing C D 8aa  in broadening the range of 

allorecognition (Karaki at a!., 1992), and increasing the avidity of TCR-ligand 

binding (Renard at a!., 1996). A chimeric C D 8 p -a  molecule (extracellular 

CD8p plus CD8a transmembrane and cytoplasmic region) expressed without 

C D 8a was also capable of enhancing T cell hybridoma responses to
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alloantigen (Wheeler et al., 1992). Extracellular CD8p-mediated enhancement 

of specific responses In hybridomas has been proposed to Involve at least two 

mechanisms. Recently CD8p was shown to be capable of Independent 

Interaction with MHC class I (Wheeler eta!., 1998), which may account for the 

Increased binding observed with C D 8ap T cell lines. Wheeler at ai. (1998) 

also suggested the extracellular portion of GD8p may be uniquely capable of 

Interacting with the TCR/CD3 complex, lowering the threshold for T cell 

activation. This Is consistent with our previous confocal studies which showed 

antl-CD8p antibodies were significantly more efficient at Inducing co- 

locallzatlon of TCR molecules with CD8 than antl-CD8a antibodies (Kwan LIm 

at a/., 1998). One Interpretation of these data Is that there Is a preferred 

conformation of CD8 which stabilises Interactions with the TCR, Independently 

of their binding to a single MHC molecule. If the varlable-domain of CD8p 

Interacts with the class I molecule, the area of CD8p most likely to Interact with 

the TCR/CD3 complex would be the hinge-llke region. The change In the 

glycosylatlon of this region between resting and activated cells may cause 

structural alterations which may mediate functional associations with the 

TCR/CD3 complex.

4.5.3 Role of CDSp In the biosynthesis and maturation of the CD8 

complex.

CD8po mice express C D8a and CD8a' on the surface of thymocytes 

and appear to have the same core glycosylatlon and slalylatlon as the 

wildtype proteins. Although CD8a and C D8a' can form homodimers. In the 

presence of CD8p there Is a preference for the heterodimer form over the 

homodlmer form. In mature peripheral T cells of wildtype mice, heterodimers 

containing the CD8a' protein are mainly retained Intracellularly, with very little 

expressed on the cell surface (Zamoyska at a!., 1985). In C D8p° mice the 

levels of CD8a and CD8a' on the cell surface of mature T cells appears to be
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equivalent and similar to what is observed intracellularly, suggesting the 

mechanism which retains CD8a' inside the cell is defective in some way.

The precise mechanism which retains complexes containing the CD8a' 

chain is not known, but is post-translational since transcription and translation 

of both CD8a and C D 8a' proteins occur with equal efficiency (Zamoyska and 

Parnes, 1988). The CD8a'p complexes are retained late in processing since 

the molecules are terminally sialylated, possibly being held in the Golgi or a 

post-Golgi compartment. It has been suggested that phosphorylation may act 

as a transport signal to direct polypeptide chains to appropriate cellular 

compartments (Garoff, 1985). The lack of phosphorylation in the shortened 

cytoplasmic tail of the CD8a' chain, compared to CD8a, may cause it to be 

retained intracellularly when in a heterodimer form with CD8p, whereas 

C D 8ap heterodimers can be transported to the cell surface due to low level 

phosphorylation of a serine residue in the CD8a tail (Acres et al., 1987). In the 

absence of CD8p, CD8a' can now form homodimers with CD8a and be 

expressed on the cell surface. However, in wildtype mice the expression of 

C D 8a ' on the cell surface appears to be a developmentally controlled event, 

since it correlates with thymocyte maturity and expression of the TCR complex, 

i.e. immature DP thymocytes express CD8a' on the cell surface but as 

thymocytes mature to CD8 SP thymocytes, with the upregulation of the TCR, 

C D 8a' is retained within the cell. The lack of phosphorylation of the CD8a' 

could explain the retention of the proteins within the mature T cell, but not the 

cell surface expression of CD8a' on thymocytes. This suggests there may be a 

developmentally regulated mechanism which allows cell surface expression 

of CD8a' in thymocytes but restricts its expression in mature cells.

The data presented in this chapter suggest the CD8p molecule has a 

role in the transport of the CD8 complex within the cell. The C D 8p° mice show 

the presence of a precursor form of CD8a and CD8a' which appears to be N-
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glycosylated, but not 0-glycosylated or sialylated. Several post-translational 

modifications occur to CD8 during its progression through the consecutive 

compartments of the intracellular transport pathway to the cell surface. The 

accumulation of the partially glycosylated form of CD8a and CD8a' suggests 

that the transport of the molecules is inefficient at one stage of its passage in 

the absence of CD8p.

After translation, the folding and dimerization of the CD8 molecules 

occur quickly in the lumen of the ER, with the formation of the di-sulphide 

bonds facilitated by the presence of protein disulphide isomerase (Gething et 

al., 1992). N-glycosylation of proteins also occurs in the ER with the synthesis 

of lipid-linked oligosaccharide moieties and their transfer an bloc to the 

polypeptide chains (Goochee at ai, 1991). The proteins then leave the ER 

and the N-linked sugars undergo further processing in the early compartments 

of the Golgi, where a sequence of exoglycosidase- and glycosyltransferase- 

catalysed reactions generate high mannose and complex-type 

oligosaccharide structures. 0-glycosylation occurs later in the transport 

pathway, with initial 0-glycosylation occurring in the cis-Golgi, and complete 

maturation of CD8 taking place in the distal Golgi compartments with the 

addition of sialic acid (Pascale at a i, 1992b). The presence of partially 

glycosylated precursor C D8a and CD8a' molecules suggests a block in the 

transport of CD8 in the absence of CD8p, which appears to occur in the ER or 

pre-Golgi compartments before the addition of 0-linked sugars and sialic acid. 

The observation that wildtype thymocytes do not have this block suggests 

CD8p facilitates transport through these compartments and may explain why 

there are reduced levels of C D 8a on the cell surface of C D 8p° DP 

thymocytes. Further investigation is required to examine whether the 

precursor forms of C D 8a and CD8a' are present within mature cells, which 

have normal cell surface expression of CD8a.
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This partial block In the progression through the Intracellular transport 

pathway may be related to the absence of the 26kDa protein from the CD8 

complex In CDSpo mice. Previous Investigation of the protein by Casabo 

(1992) found It was unrelated to either the C D8a or CD8p molecules and that 

It contained one N-llnked sugars of high mannose type, suggesting that the 

26kDa protein may reside In a compartment prior to the medial Golgi. Several 

proteins are known to reside In the lumen of the ER and Golgi, and are termed 

'chaperone proteins' (Ellis and van der Vies 1991). These proteins aid In the 

proper folding of proteins but are not part of the functional molecule. Since the 

26kDa protein cannot be found In the Immunopreclpltates of CD8p° 

thymocytes. It appears that p26 may be Involved specifically In the assembly 

and/or transport of CD8 complexes containing the CD8p polypeptide. The 

accumulation of the partially glycosylated CD8a and C D 8a' bands Indicates 

the efficient transport of the CD8a proteins does not occur In the absence of 

the 26kDa protein and CD8p. This suggests either the CD8p protein Itself, or 

through Its Interaction with the 26kDa, Is Involved In the progression of the 

CD8 complex through the Intracellular transport pathway. The association of 

p26 with the CD8 complex will be discussed further In Chapter Six.
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FIGURE 4.1

The CDSpo mice have reduced numbers of CD8 SP thymocytes and 

peripheral CD8 lymphocytes

Thymocytes (panel A), lymph node I  cells (panel B) and splenic T cells 

(panel C) from wildtype (CD8P+/+) and C D8p° (CD8p-/-) mice were analysed 

by flow cytometry for the surface expression of CD4 (biotin-conjugated; YTA3.1 

mAb) and C D 8a (PE-conjugated; YTS 169.4v mAb). Gates were set on the 

CD4 SP, CD8 SP and CD44-CD8+ DP populations and surface expression of 

CD8P (FITC-conjugated; 53.5.8 mAb) analysed. The percentage of cells in 

each population is indicated.
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FIGURE 4.2

Positive seiection of F5 TCR transgenic thymocytes is defective in the 

CDSpo

Thymocytes (panel A), lymph node T cells (panel B) and splenic T cells 

(panel C) from F5/RAG-1 "@9 (CD8P+/+) and F5/RAG-1 "eg/CD8po (CD8p-/-) 

mice were analysed by flow cytometry for the surface expression of CD4 

(biotin-conjugated; YTA3.1 mAb) and CD8a (PE-conjugated; KT15-23,1 m^b). 

Gates were set on the CD8 SP and CD4+CD8+ DP populations and surface 

expression of CD8p (FITC-conjugated; 53.5.8 mAb) analysed. The percentage 

of cells in each population is indicated.
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FIGURE 4.3

Peripheral T lymphocytes from CD8p° mice express CD8a' on the cell 

surface

Thymocytes (lane 1), and lymphocytes (lane 2) from wildtype (B10) mice 

(panel A) and CDSpo mice (panel B) were cell surface labelled with 125|-SHPP, 

lysed and precipitated with anti-CDSp beads (YTS 156) or anti-CDSa beads 

(YTS 169.4v). Rat Ig beads were used as a precipitation control. Precipitates 

were run under reducing conditions on a 12.5% SDS-PAGE. Molecular weight 

markers and individual polypeptide chains are indicated.
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FIGURE 4.4

CD8a and CD8a' from CD8p° mice contain N- and 0-linked sugars

Thymocytes from wildtype (CD8P+/+) and CDSpo (CDSp-/-) mice were 

cell surface labelled using ‘•^si-SHPP, lysed and precipitated with anti-CDSa 

beads (YTS 169.4v). The CDS precipitates were treated with N-Glycanase (lane 

3), neuraminidase (lane 4), neuraminidase plus 0-Glycanase (lane 5) overnight 

at 37°C or left untreated (lane 2). Rat Ig beads were used as a precipitation 

control (lane 1). Precipitates were run under reducing conditions on a 12.5% 

SDS-PAGE. Molecular weight markers and individual polypeptide chains are 

indicated.
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FIGURE 4.5

CDS a and CDSa' from CDSpo thymocytes contain 0-glycans with a core 1 

structure and siaiic acid joined in an o2-6 linkage to gaiNAc

Thymocytes from CDSpo mice were cell surface labelled using 125|_ 

SHPP, lysed and precipitated with antl-CD8a beads (YTS 169.4v). The CD8a 

precipitates were treated with neuraminidase or N-Glycanase overnight at 37“C, 

or left untreated. The CD8a and CD8a' protein were separated by reduction 

and alkylation treatment with lodoacetamlde and repreclpltated with blotlnylated 

PNA, SNA or MAA lectins plus steptavldin (S/A) agarose. Rat Ig beads and 

streptavldin agarose were used as a precipitation control. The C D 8a protein 

was precipitated with rabbit antisera specific for the COOH-termlnal of C D 8a 

(2245) and protein A sepharose to ensure the C D 8a and CD8a' proteins had 

been successfully separated. Precipitates were run under reducing conditions 

on a 12.5% SDS-PAGE. Molecular weight markers and Individual polypeptide 

chains are Indicated.
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FIGURE 4.6

The CDS complex from CDSpo mice lack the p26 polypeptide, but express 

a 29kDa CDSa polypeptide

Thymocytes from wildtype (CD8p+/+) and CDSp® (CDSp-/-) mice were 

labelled with ^^s-met/cys for 90 minutes (panel A), or left unlabelled (panel B). 

In both cases the cells were lysed and precipitated with anti-CDSa beads (YTS 

169.4V). Rat Ig beads were used as a precipitation control. Precipitates were 

run under reducing conditions on a 12.5% SDS-PAGE, and the unlabelled 

samples (panel B) were blotted onto nitrocellulose membrane and probed with 

rabbit antisera specific for the N-terminus of CDSa (2320). Unlabelled proteins 

were visualised using the ECL detection system. Molecular weight markers 

and individual polypeptide chains are indicated.
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FIGURE 4.7

The CD8 complex from CD8p° thymocytes contain partially glycosylated 

CD8a and CD8a' proteins

Thymocytes from wildtype (CD8P+/+) and CDBpo (CDBp-/-) mice were 

lysed and precipitated with anti-CDBa beads (YTS 169.4v). The CDB 

precipitates were treated with neuraminidase (lane 3), neuraminidase plus O- 

Glycanase (lane 4), N-Glycanase (lane 5) overnight at 37"C, or left untreated 

(lane 2). Rat Ig beads were used as a precipitation control (lane 1). Precipitates 

were run under reducing conditions on a 12.5% SDS-PAGE, blotted onto 

nitrocellulose membrane and probed with rabbit antisera specific for the COOH- 

terminus of CDBa (2245, panel A and B). The western blot was then stripped 

and reprobed with rabbit antisera specific for the N-terminus of CDBa (2320, 

panel 0  and D). Proteins were visualised using the ECL detection system. 

Molecular weight markers and individual polypeptide chains are indicated.
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Chapter Five

Generation of CDSpa Hinge transgenic mice.

5.1 Introduction

The CD8 molecule Is expressed on thymocytes and peripheral I  

lymphocytes which recognise antigen in association with MHC class I 

molecules (Swain, 1983). Both CD8a and CD8p proteins have an N-terminal 

domain related to Ig V-domain followed by a extended membrane proximal 

domain or hinge region, a transmembrane sequence, and a short cytoplasmic 

domain (Parnes 1989). CD8p can only be detected on the cell surface when it 

is disulfide-linked to CD8a (DiSanto et a i, 1988), whereas C D8a can form 

disulfide-linked homodimers in the absence of CD8p. Homodimers of CD8a 

have been shown to bind to MHC class I molecules via their Ig-like domain 

with the major area of contact in the aS domain of MHC Class I (Salter at ai, 

1990; Gao at ai, 1997). The V-like domain of CD8p has also been shown to 

interact with MHC Class I molecules (Wheeler at ai, 1998). This binding 

increases the adhesion between the T cell and its target. The binding of CD8 

to the same MHC class I molecule as the TCR enhances T cell responses by 

bringing lck near to its substrates, potentiating a signalling cascade.

The hinge regions of CD8a and CD8p form an extended structure, 

aided by the presence of 0-linked glycans and numerous proline residues 

which are characteristic of such conformations. The hinge region of CD8 aids 

in the orientation of the V-like region, forcing it away from the cell surface and 

allowing it to contact the MHC class I molecule. Recently it has been 

suggested the external portion of CD8p may be uniquely capable of 

interacting with the TCR/CD3 complex (Wheeler at a i, 1998). If the V-like
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domain of CD8p contacts MHC class I, the region most likely to interact with 

the TCR/CD3 complex is the hinge region of the molecule. We have also 

suggested that CD8 may be capable of an association with the TCR, 

independent of MHC binding (Kwan Lim etal., 1998), and that this association 

may be preferentially via CD8p. An association between the TCR and CD4 

has been reported (Saizawa etal., 1987; Vignali at a!., 1996) via the two Ig- 

like membrane proximal domains of CD4. Despite striking structural 

differences between the membrane proximal portions of CD4 and CD8p, it is 

possible they may share a common function by interacting with TCR/CD3 

complex.

The hinge region of CD8p is only two thirds the length of CD8a but both 

regions have a similar amino acid composition and are the site of 0-linked 

glycosylatlon. The hinge region of CD8p is more highly conserved across 

species than CD8a with 12 of 13 identical residues between mouse, rat and 

human in the NH2 -terminal serine/threonine rich area. Furthermore this area 

of CD8 was previously shown to physically alter the glycosylatlon of its O- 

linked sugars on activation changing from a core 1 to a core 2 structure (see 

Chapter Three), and is known to be hyposialylated during differentiation. The 

CD8P chain also appears to be uniquely hyposialylated on activation (Casabo 

at a!., 1994). The alteration in glycosylatlon occurs on thymocytes and 

activated T cells when functional associations between the TCR and MHC are 

occurring, suggesting a change in the hinge regions of the molecule may be 

important for CD8 function. This may affect the orientation of the V-like domain 

and its interactions with MHC class I, or since this region is dominated by O- 

glycosylation it may be involved in the association of CD8p with the TCR/CD3 

complex.

To investigate the role of the hinge region of CD8p, a hybrid molecule 

C D 8pa Hinge, was constructed with the hinge region of CD8p swapped with
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the corresponding region of CD8a. This will allow the role of the hinge region 

of CD8p to be studied without disrupting the overall conformation of the 

molecule to a great extent. When backcrossed onto the CD8p° mouse, the 

effect of the transgenic molecule on T cell differentiation can be studied in the 

absence of the endogenous CD8p molecule.

5.2 Generation of CDSpa Hinge transgene

The hybrid C D8pa Hinge transgene was constructed by ligation of 

three separate PCR fragments formed by two PCR reactions. In the first 

reaction, two DNA products were separately amplified from an SK plasmid 

containing cDNA encoding the murine CD8p gene (Figure 5.1B). One PCR 

product encoded the Ig domain of CD8p that ended with the Aspartic acid-115 

(5’ SK primer, AGGTTAAGGGGGATATCAC: 3' CD8p primer, 

AGGAAGGATATCAACAAC). The second PCR product spanned the 

transmembrane and cytoplasmic domains of CD8p beginning with Leucine- 

151 (5' CD8P primer, CTTACCACCCTCAGCCTGCT; 3’ SK primer, 

CTAAAGGGAACAAAAGCTGG). In the second reaction, one DNA product was 

amplified from an SK plasmid containing the murine C D 8a gene (Figure 

5.1 A). This third PCR product spanned the membrane proximal domain or 

hinge region of CD8a beginning with Valine-122 and ending with the Aspartic 

acid-167 (5’ CD8a primer, GTG AACTCT ACT ACT ACCAAG ; 3' CD8a primer, 

ATCACAGGCGAAGTCCAATCC). The fragments were three part ligated to 

form the transgene construct and cloned into the SK plasmid. The sequence 

of the construct was confirmed by DNA sequencing (Figure 5.2), showing the 

precise joining of the three PCR products. One base pair mutation was noted 

during DNA sequencing at Valine-114 (GTG to GTT), but was found not to 

alter the amino acid sequence.

In order to obtain expression of the CD8pa Hinge transgene in
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transgenic mice, the hybrid molecule needed to be prepared in a suitable 

expression vector. The VA vector contains the human CD2 control region and 

gives expression in double positive and single positive thymocytes and 

mature CD4 and CD8 cells. The CDSpa Hinge construct was cut from the SK 

plasmid as a Sa/l/H/ncflll fragment, blunt-ended and subcloned into the Sma\ 

site of the VA vector (Figure 5.3). The SK plasmid containing the construct was 

transformed into competent E.coli by the heat shock method. The bacteria 

were plated onto agar plates containing ampicillin for selection, and incubated 

overnight at 37“C. Three positive colones were picked using PCR with primers 

specific for the CD8a hinge region (as shown previously). Plasmid DNA was 

prepared and the orientation of the transgene in the VA vector checked by 

restriction digestion using EcoRI/BamHI. One correctly orientated clone was 

identified, grown up and DNA prepared for microinjection.

5.3 Generation of CDSpa Hinge transgenic mice

CD8pa Hinge transgenic mice were generated by injection of fertilized 

oocytes from (CBAxBIO) F2 mice. 19 founder mice were born and DNA 

prepared from tail biopsies. The DNA was screened for presence of the 

transgene by slot blot analysis using probes specific for the 3' 1er region of 

human CD2 (hCD2) present in the VA vector (Figure 5.4B) and mouse CD2 as 

a DNA loading control (Figure 5.4A). Five founder mice, numbers 8, 10, 15, 17 

and 19, were identified as positive for the CD8pa Hinge transgene. 

Radioactivity counts for each band were calculated using the Phosphoimager 

and divided against the counts of the background band. Copy numbers were 

estimated against DNA from two transgenic hCD2 lines containing known 

copy numbers of the VA vector. Founder mouse number 15 was found to have 

the lowest copy number containing 1-2 copies of the transgene while mouse 

number 17 had the highest copy number with an estimated 10-11 copies of 

the transgene (see Table 5.1).
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To examine the incorporation of the transgene in the different founder 

mice and whether rearrangement of the transgene had taken place a southern 

blot was performed (Figure 5.5). The DNA from the founder mice were 

digested with BamHI and Bg/ll restriction enzymes and probed with the 3' 

hCD2 (Lcr) probe. Bam HI and Bglll cut the transgene once linearising it to 

give a band of approximately 12KD (see Figure 5.3). The double digest with 

both BamH\ and Bgl\\ removes the insert from the VA vector giving a band of 

approximately 9.5KD. Major bands of the expected sizes can been visualised 

for all five founder mice suggesting rearrangement has not occurred. Control 

DNA from wildtype, copy number contol mice and a transgenic CD4 line were 

included. The transgenic CD4 line contains the VA vector with a larger insert 

than the CD8paH, but gives a similar sized band when the insert is removed 

from the VA vector by double digestion with BamHI and Bgl\\.

Four founder mice, numbers 10,15,17 and 19 were backcrossed to the 

CD8po mice to give four transgenic lines CD8paH.2, CD8paH.1, CD8paH.3 

and C D 8paH .4 respectively. This will allow the impact of the mutated 

transgene to be studied without competition from the wildtype molecule.

5.4 Expression of CDSpa Hinge and CDSpVA transgene

To examine if the C D 8pa Hinge (C D8paH) transgene was being 

expressed on the CD8p° background, blood samples were taken from the four 

C D8paH transgenic lines and analysed by FACS. The CD8paH transgenic 

blood samples were stained with fluorescent antibodies specific for CD4 

(YTA3.1), CD8a (YTS 169.4v) and CD8p (KT112) and compared with blood 

samples from wildtype (BIO) and CD8p° mice. Blood from wildtype mice show 

populations of mature CD4 and CD8a T cells (Figure 5.6A). Gates were set on 

the CD4 SP and CD8 SP populations and expression of CD8p analysed. As
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expected, wildtype CD4 T cells (blue) did not express CD8p on the cell 

surface, but CD8a T cells (red) expressed high levels of CD8p. Blood from 

CD8po mice (Figure 5.6B) show populations of CD4 and CD8 T cells, but as 

previously described (Crooks and Littman, 1994) the CD8 population does not 

express CD8p, allowing CD8a to form homodimers on the cell surface. The 

CD8paH.1 line (Figure 5.60) expresses the C D8paH transgene on the 

surface of the CD8a I  cells, but not CD4 I  cells. The VA vector would give 

expression of the transgene in both CD4 and CD8 cells, but since CD8p 

cannot be expressed on the cell surface in the absence of CD8a (DiSanto et 

al., 1988) it can only be detected on the surface of CD8a T cells and would 

remain intracellularly in the CD4 cells. The level of CD8paH.1 expression is 

lower than wildtype CD8p expression at approximately 40% of endogenous 

wildtype CD8p levels. The CD8paH.2 line (Figure 5.6D) also expresses the 

transgene only on the surface of CD8a T cells but at 25% of endogenous 

levels. No CD8p could be detected on the surface of either CD4 or CD8a 

populations from the CD8paH.3 line (Figure 5.6E), suggesting the transgene 

was not being expressed. The CD8paH.4 line (Figure 5.6F) expressed the 

transgene on the surface of CD8a T cells at 60% endogenous levels. This 

was the highest transgene expression of the four lines, although still less than 

wildtype levels.

Since the level of expression of the CD8paH transgene was lower than 

wildtype levels, this may affect the phenotype of the mice. A control was 

needed for the CD8p expression level and three lines expressing the CD8p 

cDNA in the VA vector (CD8pVA, Figure 5.3B) backcrossed to the CD8p° 

were made. Blood from mice of each line was stained with fluorescent 

antibodies specific for CD8a (KT15-23.1) and CD8p (KT112) and analysed by 

FACS. The population of CD8a+ T cells was gated, examined for CD8p 

expression and compared to the endogenous CD8p levels of wildtype B10 

mice (Figure 5.7A). The CD8pVA.1A line (Figure 5.70) and the CD8pVA.2
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(Figure 5.7E) line have 1-2 copies of the CD8p transgene and express CD8p 

on the surface of the C D 8a T cells at levels approximately 60%  of 

endogenous levels. No expression of the CD8pVA transgene was found on 

the CD4 T cell population. The CD8pVA.1B (Figure 5.7D) has 4-5 copies of 

the transgene and expresses CD8p on the cell surface at levels approximately 

80% of endogenous levels. As before the CD8p° mice (Figure 5.7B) do not 

express CD8p on the surface of its CD8a I  cells.

Table 5.1 Expression levels of the CD8paH and CD8pVA transgenic lines.

Line Founder Transgene copy

number number

Expression level 

in blood

CD8paH.1 15

C D 8paH .2 10

CD8paH .3 17

low (1-2 copies)

medium (6-7 copies)

high (10-11 copies)

40% of wildtype 

levels

25% of wildtype 

levels

no expression

C D 8paH .4 19

CD8PVA.1A

CD8PVA.1B

CD8PVA.2

high (8-9 copies)

low (1-2 copies)

medium (4-5 copies)

low (1-2 copies)

60% of wildtype 

levels

60% of wildtype 

levels

80% of wildtype 

levels

60% of wildtype 

levels

The transgene copy numbers and expression levels of the CD8paH 

and CD8pVA lines are summarised in Table 5.1. For analysis of the effect of
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the CDSpaH transgene on T cell differentiation the CD8paH.4 line was used, 

since it shows the highest cell surface expression levels of the four lines. 

CD8pVA.1A and CD8pVA.2 lines were used as expression level controls 

because they express similar levels of CD8p on the cell surface as the 

C D8paH.4 line.

5.5 Analysis of T cell differentiation In the CDSpaH and CDBpVA 

transgenic mice.

To examine the effect of the transgenic CD8paH molecule on I  cell 

differentiation, thymocytes from wildtype (B10), CD8paH.4, CD8pVA.1A and 

CD8po mice were analysed by FACS analysis after staining with antibodies 

specific for CD4 (YTA3.1) and CD8a (KT15-23.1). The thymocytes were also 

stained with two antibodies specific for different conformation dependent 

epitopes in the V-like region of CD8p, YTS 156 and 53.5.8. This allows the 

cell surface expression of the CD8paH and CD8pVA transgenes to be 

examined, and to check the V-like domain of CD8p is correctly folded. 

Wildtype mice express CD8p as a heterodimer with C D 8a (DiSanto et al, 

1988) on the surface of DP and CD8 SP thymocytes (Figure 5.8A), whereas 

CD8po show no expression of the CD8p protein on the cell surface of any of 

the thymocyte populations (Figure 5.8B). Mice expressing the hybrid CD8paH 

transgene show binding of both CD8p antibodies on DP and CD8 SP 

thymocyte populations, but at approximately 55-60% of wildtype levels (Figure

5.80). The expression of the CD8paH molecule was slightly lower on the DP 

thymocytes than the CD8 SP thymocytes. Although the VA vector expresses 

the CD8paH transgene in both CD4 and CD8 cells, the transgene could only 

be detected on the surface of CD8 SP and not the CD4 SP thymocytes. CD8p 

requires C D 8a for cell surface expression (DiSanto et a/., 1988) and this 

suggests CD8paH can also only be expressed on the cell surface as a 

heterodimer with CD8a, and is retained intracellularly in the GD4 cells. This
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was also true for the CD8pVA.1A transgene (Figure 5.8D) which could be 

detected on the surface of the DP and CD8 SP thymocytes, but not the CD4 

SP thymocytes. The CD8pVA molecule could be detected by both CD8p 

antibodies, but at approximately 40% of wildtype levels, slightly lower than the 

C D8paH  expression.

As previously described in Chapter Four, the thymi of the CD8p° mice 

(Figure 5.8B) show a consistent 5-fold decrease in the percentage of mature 

CD8 SP thymocytes and a slight increase in the percentage of CD4 SP 

thymocytes compared with wildtype mice (Figure 5.8A). This increases the 

CD4:CD8 SP thymocyte ratio from 2.1:1 in wildtype mice to 15.3:1 in the 

CD8po (see Table 5.2). No change in the percentage of DP thymocytes was 

noted, although the expression of CD8a was reduced to 65% of wildtype 

levels on these cells. CD8a levels were found to be the same on CD8 SP 

thymocytes from knockout and wildtype animals. A similar 5-fold decrease in 

the number of CD8 SP thymocytes was noted in the C D8paH mice (Figure

5.80) with a slight increase in CD4 SP thymocyte numbers. Here the 

CD4:CD8 SP thymocyte ratio was increased to 15.7:1 (see Table 5.2). Again 

no change in the percentage of DP thymocytes was noted, although the CD8a 

expression was also reduced to 60% of wildtype levels on these cells, but was 

normal on the CD8 SP thymocytes. This suggests the C D8paH  transgenic 

mice are showing a similar phenotype to the CD8po mice. The CD8pVA mice 

were used to check the decrease in CD8 SP thymocyte numbers was not due 

to the decreased cell surface expression of the transgene compared to 

wildtype mice. The CD8pVA mice also show a reduced percentage of CD8 SP 

thymocytes, but the decrease was less severe with just over a 2 fold reduction. 

A slight increase in CD4 SP thymocytes was noted and the CD4:CD8 SP 

thymocyte ratio was increased to 10.7:1 (see Table 5.2). The C D 8a 

expression reflected wildtype levels on both DP and CD8 SP thymocyte 

populations.
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Table 5.2 Percentage of CD4 and CDS T cells in the CDSpaH and CDSpVA 

transgenic mice.

Thvmus 

%of CD4SP 

% of CD8 SP 

CD4;CD8 ratio

Lvmoh Node 

% of CD4 T cells 

% of CD8 T cells 

CD4;CD8 ratio

Spleen

%of CD4 T cells 

% of CD8 T cells 

CD4:CD8 ratio

GD8^/+

6.11 ± 1.87 

2.86 ± 0.84 

2.1:1 

n=10

CD8P-A

7.52 ± 2.42 

0.49 ±0.13  

15.3:1 

n=11

CD8paH.4 CD8pVA.1A

9.08 ± 3.52 

0.58 ±0.15  

15.7:1 

n=10

11.77 ±4.71  

1.10 ± 0.10 

10.7:1 

n=3

40.54 ± 7.81 55.74 ±10.96 59.13 ±7 .17  62.03 ±1 .90

16.09 ± 4.18 3.59 ± 1.21 4.02 ± 0.73 11.2 ± 1.35

2.5:1 15.5:1 14.7:1 5.5:1

n=10 n=11 n=10 n=3

20.70 ±2.50 26.2 ±3.19

7.14 ± 1.19 1.83 ±0.70

28.92 ±2.11 26.03 ±0.25

1.74 ±0.48 7.33 ±0.42

2.9:1

n=7

14.3:1

n=7

16.6:1

n=5

3.6:1

n=3

The decrease in the number of CDS SP thymocytes was reflected in the 

periphery of the CDSpo and CDSpaH mice, with a 4-5-fold reduction in the 

percentage of CDS T cells, and a slight increase in the percentage of CD4 T 

cells in the lymph node (Figure 5.9B+C) and spleen (Figure 5.10B+C) 

compared to wildtype mice (Figure 5.9A and Figure 5.10A). This increased the 

CD4:CDS ratio in the lymph node to 15.5:1 in the CDSpo and 14.7:1 in the 

CDSpaH mice compared to 2.5:1 in wildtype mice (see Table 5.2). The 

CD4:CDS ratio was also increased in the spleen to 14.3:1 in CDSpo and 

16.6:1 in the CDSpaH mice compared to 2.9:1 in wildtype mice (see Table 

5.2). The CDSpVA mice showed a less severe phenotype with just under a 2
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fold decrease In the percentage of CD8 T cells in the lymph node (Figure 

5.9D) compared to wildtype mice (Figure 5.9A) and a similar percantage of 

CD8T cells to wildtype mice in the spleen (Figure 5.10A+D), although in both 

cases a slight increase in the percentage of CD4 could be seen. In the lymph 

node the CD4;CD8 ratio of the CD8pVA mice was 5.5:1 and in the spleen the 

ratio was 3.6:1 (see Table 5.2), again much closer to the wildtype ratio than 

either the CD8p° or CD8paH mice. This suggests expression of the CD8pVA 

transgene could restore T cell numbers in the CD8p° mice, although not to 

wildtype levels. In contrast, expression of the CD8paH transgene could not 

restore CD8 T cell numbers giving a phenotype which appears to mirror the 

CD8po mice. Therefore, although the expression level of CD8p appears to 

affect T cell differentiation giving reduced numbers of CD8 SP thymocytes and 

peripheral T cells, reduced levels of surface protein could not be solely 

responsible for the phenotype of the CD8paH mice.

To examine positive selection during T cell differentiation in the 

CD8paH and CD8pVA transgenic mice, they were backcrossed to F5 TCP 

transgenic mice. Thymocytes from wildtype, CDpaH, CD8pVA and CD8p° 

mice were taken and stained for CD4 (YTA 3.1), and CD8a (KT15-23.1). The 

cells were also stained for CD8p (YTS 156) or the F5 TCP (Vpil). As 

described in Chapter Four, the F5/PAG-ineg/CD8po (Figure 5.1 IB) show a 

defect in positive selection giving a consistent 10 fold reduction in the 

percentage of CD8 SP thymocytes. This is reflected in the periphery by a 9-10 

fold decrease in the percentage of mature CD8 T cells in the spleen (Figure 

5.128) compared to wildtype F5 mice (Figure 5.11 A and Figure 5.12A). 

Introducing the CD8paH.4 transgene to mice expressing the F5 TCP 

marginally improved the recovery of CD8 SP thymocytes compared to the 

CD8po mice, increasing CD8 SP numbers from 1.9% to 3.2% (Figure 5.11C). 

However, in the spleen the percentage of CD8 T cells in the CD8paH.4 mice 

(Figure 5.11C) was comparable with the CD8p° mice. It was possible that the
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inability of the C D8paH  transgene to restore normal selection in CD8po mice 

was due to the lower levels of expression compared to wildtype, or to aberrant 

expression of the transgene from the CD2 promoter. However analysis of the 

CD8PVA.2 mice on an F5/RAG-1"®9/CD8po background suggested this was 

not the case. The wildtype CD8p transgene was able to significantly restore 

CD8 SP cell differentiation in the thymus (Figure 5.11 D) and CD8 I  cell 

numbers in the spleen (Figure 5.12D), despite having lower surface 

expression than the C D 8paH .4 transgene. Again this suggests the more 

severe phenotype shown in the CD8paH mice can not be due to expression 

level alone and may be an effect of the mutated molecule.

5.7 Discussion

The hinge region of CD8a and CD8p is thought to have an extended 

structure due to the presence of 0-glycosylation and proline residues. It is 

believed to be important to allow the correct orientation of the V-like domain in 

its proposed interaction with the MHC class I molecule (Williams et al., 1991). 

The hinge region of CD8p has also been proposed to be uniquely capable of 

interacting with the TCR/CD3 complex (Wheeler et a/., 1998). The sialylation 

of the hinge region of CD8p has been shown to alter on activation (Casabo et 

a/., 1994), which may be important in the function of the CD8 molecule. To try 

to resolve the function of the CD8p hinge region, which is highly conserved 

across species, a mutant CD8p transgene was constructed where the hinge 

region of the molecule was replaced with the corresponding region of CD8a 

to form the CD8paH transgene.

Analysis of blood from the CD8paH transgenic mice on the CD8p° 

background, shows expression of the hybrid molecule on the surface of the 

mature CD8a T cells, but not on the surface of the CD4 T cells where the 

transgene is also being expressed. Therefore in the absence of CD8a, the
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hybrid CDSpaH molecule Is unable to be expressed on the cell surface and is 

maintained intracellularly. This suggests the CDSpaH molecule, like CD8p 

(DiSanto et al., 1988), must form a heterodimer with CD8a in order to be 

expressed on the cell surface, however CD8a can form homodimers on the 

cell surface in the absence of CD8p (Crooks and Littman, 1994). From 

previous studies with the rat CD8a hinge region it appeared that the hinge 

region of CD8a was essential for expression of the GD8a V-like domain in 

OHO cells (Classon et a!., 1992), and could allow the expression of other Ig- 

like domains when expressed as chimeric proteins. The expression of the Ig- 

like domains was dependent on the presence of the two conserved cysteine 

residues which form the di-sulphide bond. They suggested the hinge region 

may be the key to CD8a homodimer expression, playing a role in facilitating 

the transit of the structure through the endoplasmic reticulum. This does not 

appear to be the case in vivo, since although the CD8paH molecule contains 

the CD8a hinge region including these two conserved cysteine residues, it 

was not expressed on the surface of mature CD4 cells. This may be related to 

the presence of CD8a cytoplasmic tail which appears to be necessary for cell 

surface expression of CD8 on peripheral cells. Heterodimers formed with 

CD8a' and CD8p in wildtype mice cannot be expressed on the cell surface of 

mature CD8 T cells but are retained intracellularly. In the absence of CD8p, 

CD8a' can form homodimers with CD8a and is found on the cell surface (see 

Chapter Four). This suggests the cytoplasmic tail on CD8a may be important 

for cell surface expression, although a transgenic CD8a protein truncated at 

the cytoplasmic domain can be expressed on the cell surface of peripheral T 

cells when introduced into CD8a-deficient mice (Fung-Leung et al., 1993). 

Chimeric CD8p-a molecules containing the V-like domain of CD8p and the 

hinge, transmembrane and cytoplasmic tail of CD8a were able to be 

expressed as homodimers on the surface of Cos cells (Sun and Kavathas, 

1997), but have not been expressed in transgenic mice.
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The reduced numbers of CD8 SP thymocytes and peripheral I  cells in 

the CDSpVA transgenic mice suggest the level of CD8p expression may be 

important in I  cell differentiation. Lower CD8p expression appears to affect 

positive selection in the F5 ICR mice also giving fewer CD8 SP thymocytes 

which is reflected in the periphery in reduced CD8 T cell numbers. The level of 

CD8p expression was also found to be critical for positive selection in CD8p° 

mice carrying a transfected single copy of the CD8p gene (Nakayama et al., 

1994). These mice expressed lower levels of CD8p in the thymus than 

wildtype mice, and although the transfected CD8p gene could increase the 

numbers of CD8 T cells in the periphery relative to the knockout, it could not 

restore wildtype numbers. They found that only thymocytes expressing CD8p 

over a certain threshold were positively selected, resulting in peripheral T 

cells expressing amounts of CD8p near to wildtype levels. This may also be 

the case in the CD8pVA mice since the level of CD8p on the DP thymocytes is 

lower than on the SP thymocytes and peripheral T cells, suggesting only 

those expressing the higher levels of CD8p are being positively selected.

The reduced expression level of the CD8paH transgene on the DP 

thymocytes cannot fully explain the phenotype found in these mice. The 

peripheral CD8 T cells of the CD8paH transgenic mice express slightly higher 

levels of CD8p to the CD8pVA mice, but show a much more severe reduction 

in CD8 T cell numbers. The phenotype of the CD8paH mice mirrors that of the 

CD8po mice, the thymocytes develop normally to the DP stage but do not 

efficiently differentiate further (Crooks and Littman, 1994) giving few 

peripheral CD8 T cells. The CD8p° were found to have defective positive and 

negative selection (Crooks and Littman, 1996), and it was reported in this 

chapter that positive selection of thymocytes expressing the F5 TCP was 

defective in both CD8p° and CD8paH mice. This implies the CD8paH 

molecule cannot function like the wildtype CD8p and restore CD8 T cell 

numbers in the CD8p°. At this time we have insufficient numbers of mice to
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assess whether negative selection is also compromised.

It may be possible that changing the hinge region of CD8p prevents the 

V-like domain folding correctly or interacting with MHC class I. This seems 

unlikely since antibodies specific for two conformation dependent epitopes in 

the V-like domain of CD8p could recognise the CD8paH molecule. Classon et 

al. (1992) found that the chimeric proteins produced with an Ig-like domain 

fused to the rat CD8a hinge, had correctly folded domains. It is therefore 

unlikely that the presence of the CD8a hinge, which is very similar in structure 

to the CD8p hinge, would prevent the V-like domain of CD8p interacting with 

MHC class I. This suggests that there may be some change in the hinge 

region of the CD8paH molecule which prevents the hybrid molecule from 

carrying out the function of CD8p and this will be discussed further in Chapter 

Six.

159



FIGURE 5.1

The amino acid sequence of CD8a and CD8p

The amino acid sequence of the CDSa protein (panel A) and the 

CDSp protein (panel B) showing the position of the Ig V-like domain, hinge 

region, transmembrane region and cytoplasmic domain of the proteins.
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(A)

KPQAPELRIFPKKMDAELGQKVDLVCEVLGSVSQGCSWLFQNSSSKLPQPTFVVYMASSH 60M------------------------------------------------------------------------------------------
Ig V-like domain

NKITWDEKLNSSKLFSAMRDTNNKYVLTLNKFSKENEGYYFCSVISNSVMYFSSVVPVLQKV 122

NSTTTKPVLRTPSPVHPTGTSQPQRPEDCRPRGSVKGTGLDFACDIYIWAPLAGICVALLLSL 185M ^
Hinge region Transmembrane region

lULICYHRSRKRVCKCPRPLVRQEGKPRPSEKIV 220
 ► M-------------------------------------------- ►

Cytoplasmic domain

(B)

LIQTPSSLLVQTNHTAKMSCEVKSISKLTSIYWLRERQDPKDKYFEFLASWSSSKGVLYGESV 63 ^ ------------------------------------------------------------------------------------------------------------
Ig V-like domain

DKKRNIILESSDSRRPPFLSIMNVKPEDSDFYFCATVGSPKMVFGTGTKLTWDVLPTTAPTKKT 126 
--------------------------------------------------------------------------------------------------------------------------► M-------------

TLKMKKKKQCPFPHPETQKGLTGSLTTLSLLWCILLLLAFLGVAVYFYCVRRRARIHFMKQFHK 193 
 ^

Hinge region Transmembrane region Cytoplasmic
domain
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FIGURE 5.2

The DNA and amino acid sequence of the CDSpaH transgene

The DNA sequence of the CDSpaH transgene showing the position of 

the Ig V-like domain, hinge region, transmembrane region and cytoplasmic 

domain of the proteins.
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Leader sequence

ATG GAG CCA TGG CTC TGG CTG GTC TTC AGT ATG AAG CTG GCA GCT CTC TGG AGC AGC TCT GCC CTC 
Met Gin Pro Trp Leu Trp Leu Val Phe Ser Met Lys Leu Ala Ala Leu Trp Ser Ser Ser Ala Leu

Ig V-like domain

ATT CAG ACC CCT TCG TCC CTG CTG GTT CAA ACC AAC CAT ACG GCA AAG ATG TCC TGT GAG GTT AAA 
lie Gin Thr Pro Ser Ser Leu Leu Val Gin Thr Asn His Thr Ala Lys Met Ser Cys Glu Val Lys

AGC ATC TCT AAG TTA ACA AGC ATC TAG TGG CTG CGG GAG CGC CAG GAG CGC AAG GAG AAG TAG TTT 
Ser lie Ser Lys Leu Thr Ser lie Tyr Trp Leu Arg Glu Arg Gin Asp Pro Lys Asp Lys Tyr Phe

GAG TTC CTG GCC TCC TGG AGT TCT TCC AAA GGA GTT TTG TAT GGT GAA AGT GTG GAG AAG AAA AGA 
Glu Phe Leu Ala Ser Trp Ser Ser Ser Lys Gly Val Leu Tyr Gly Glu Ser Val Asp Lys Lys Arg

AAT ATA ATT CTT GAG TCT TCA GAG TCA AGA CGG CGC TTT CTC AGT ATC ATG AAT GTG AAG CCA GAG 
Asn lie lie Leu Glu Ser Ser Asp Ser Arg Arg Pro Phe Leu Ser lie Met Asn Val Lys Pro Glu

GAG AGT GAG TTC TAC TTC TGC GCG ACG GTT GGG AGC CGC AAG ATG GTC TTT GGG ACA GGG ACG AAG 
Asp Ser Asp Phe Tyr Phe Cys Ala Thr Val Gly Ser Pro Lys Met Val Phe Gly Thr Gly Thr Lys

Hinge region

CTG ACT GTT GTT GAT GTG AAC TCT ACT ACT ACC AAG CCA GTG CTG CGA ACT CCC TCA CCT GTG CAC 
Leu Thr Val Val Asp Val Asn Ser Thr Thr Thr Lys Pro Val Leu Arg Thr Pro Ser Pro Val His

CCT ACC GGG ACA TCT CAG CCC CAG AGA CCA GAA GAT TGT CGG CCC CGT GGC TCA GTG AAG GGG ACC 
Pro Thr Gly Thr Ser Gin Pro Gin Arg Pro Glu Asp Cys Arg Pro Arg Gly Ser Val Lys Gly Thr

Transmembrane region

GGA TTG GAC TTC GCC TGT GAT CTT ACC ACC CTC AGC CTG CTG GTA GTC TGC ATC CTG CTT CTG CTG 
Gly Leu Asp Phe Ala Cys Asp Leu Thr Thr Leu Ser Leu Leu Val Val Cys lie Leu Leu Leu Leu

Cytoplasmic domain

GCA TTC CTC GGA GTG GCC GTC TAC TTT TAC TGT GTG CGG AGG AGA GCC CGA ATT CAC TTC ATG AAA 
Ala Phe Leu Gly Val Ala Val Tyr Phe Tyr Cys Val Arg Arg Arg Ala Arg lie His Phe Met Lys

CAG TTT CAC AAA TGA 
Gin Phe His Lys
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FIGURE 5.3

The CDSpaH and CDSpVA transgene constructs in the VA expression 

vector

The CDSpaH (panel A) and CDSpVA (panel B) transgenes In the VA 

expression vector under control of the human CD2 promoter, showing the 

position of restriction enzyme sites.
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FIGURE 5.4

Five founder mice are positive for the CDSpaH transgene

DNA was prepared from tail biopsies from 19 founder mice and 

transferred onto nitrocellulose using slot blot apparatus. The DNA was 

probed for the 3' 1er region of the human CD2 present in the VA vector (panel 

B), and for mouse CD2 as a loading control (panel A). Five founder mice, 

numbers 8, 10, 15, 17 and 19 were found to be positive for the CDSpaH 

transgene and are indicated with arrows. Wildtype DNA (BIO, control A) was 

used as a negative control. Two positive DNA controls were used from hCD2 

transgenic mice with known copy numbers, CD2.2b (16 copies, control B) 

and CD2.3 (1 copy, control 0).
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FIGURE 5.5

No rearrangement of the CDSpaH transgene has occurred in the five 

founder mice

DNA was prepared from tail biopsies from the five positive founder 

mice numbers 8, 10, 15, 17, and 19. The DNA was digested with Bgl\\ or 

Bam HI overnight at 37“C to linearise the construct, or Bgl\\ with BamHI to cut 

out the CDSpaH insert from the VA vector. The restriction digests were run 

on a 1.2% agarose gel and southern blotted onto nitrocellulose overnight. 

The southern blot was probed for the 3' 1er region of the human CD2 present 

in the VA vector. Wildtype (BIO) DNA was used as a negative control, and 

two positive DNA controls were used from hCD2 transgenic mice with known 

copy numbers, CD2.2b (16 copies) and CD2.3 (1 copy). A control for the VA 

cassette was used which gave an equal sized band to the CDSpaH 

transgene after Bglll/BamHI double digestion.
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FIGURE 5.6

Three of the four CDSpaH transgenic lines express the CDSpaH protein

A sample of blood was taken from mice from each of the four 

CDSpaH transgenic lines; C D SpaH .I (panel C), C D 8paH .2 (panel D), 

CD8paH.3 (panel E), CD8paH.4 (panel F) and analysed by flow cytometry 

for the surface expression of CD4 (PE-conjugated; YTA3.1 mAb) and C D 8a 

(FITC-conjugated; YTS 169.4v mAb). Gates were set on the CD4 SP and 

CD8 SP populations and surface expression of CD8p (Biotin-conjugated; 

KT112 mAb) analysed. Blood from wildtype (BIO) mice (panel A) was used 

as a positive CD8p control and blood from CD8p° mice (Panel B) as a 

negative CD8p control.
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FIGURE 5.7

Three CDSpVA transgenic lines express the CDSpVA protein

A sample of blood was taken from mice from each of the three 

CDSpVA transgenic lines; CDSpVA.IA (panel C), CDSpVA. 1B (panel D), 

CDSpVA.2 (panel E) and analysed by flow cytometry for the surface 

expression of CDSa (PE-conjugated; KT15-23.1 mAb). Gates were set on 

the CDS SP population and surface expression of CDSp (FITC-conjugated; 

KT112 mAb) analysed. Blood from wildtype (B10) mice (panel A) was used 

as a positive CDSp control and blood from CDSp° mice (Panel B) as a 

negative CDSp control.
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Figure 5.8

The CDSpaH mice have reduced numbers of CDS SP thymocytes

Thymocytes from wildtype mice (panel A), CD8p° mice (panel B), 

CD8paH.4 mice (panel C) and CD8pVA.1A mice (panel D) were analysed by 

flow cytometry for the surface expression of CD4 (biotin-conjugated; YTA3.1 

mAb) and CD8a (PE-conjugated; KY15-23.1 mAb). Gates were set on the 

CD4 SP, CD8 SP and CD4+CD8+ DP populations and surface expression of 

CD8P (FITC-conjugated; 53.5.8 and YTS 156 mAbs) analysed. The 

percentage of cells in each population is indicated.
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Figure 5.9

The CDSpaH mice have reduced numbers of peripheral CDS 

lymphocytes

Lymph nodes from wildtype mice (panel A), CD8p° mice (panel B), 

CD8paH.4 mice (panel C) and CD8pVA.1A mice (panel D) were analysed by 

flow cytometry for the surface expression of CD4 (biotin-conjugated; YTA3.1 

mAb) and C D 8a (PE-conjugated; KT15-23.1 mAb). Gates were set on the 

CD4 SP and CD8 SP populations and surface expression of CD8p (FITC- 

conjugated; 53.5.8 and YTS 156 mAbs) analysed. The percentage of cells in 

each population is indicated.
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Figure 5.10

The CDSpaH mice have reduced numbers of CDS T cells in the spleen

Splenocytes from wildtype mice (panel A), CD8p° mice (panel B), 

CD8paH.4 mice (panel C) and CD8pVA.1A mice (panel D) were analysed by 

flow cytometry for the surface expression of CD4 (biotin-conjugated; YTA3.1 

mAb) and CD8a (PE-conjugated; KT15-23.1 mAb). Gates were set on the 

CD4 SP and CD8 SP populations and surface expression of CD8p (FITC- 

conjugated; 53.5.8 and YTS 156 mAbs) analysed. The percentage of cells in 

each population is indicated.
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Figure 5.11

Positive seiection of F5 TCR transgenic thymocytes is defective in the 

CDSpaH mice.

Thymocytes from F5/RAG-1 mice (panel A), F5/RAG-1 fi®9/CD8po 

mice (panel B), F5/RAG-1'^®9/CD8paH.4 mice (panel C) and F5/RAG- 

ineg/QD8pVA.1A mice (panel D) were analysed by flow cytometry for the 

surface expression of CD4 (biotin-conjugated; YTA3.1 mAb) and CD8a (PE- 

conjugated; KT15-23.1 mAb). Gates were set on the CD8 SP and DP 

populations and surface expression of CD8p (FITC-conjugated; 53.5.8 mAb) 

and F5 TCR (Biotin-conjugated; KT11) analysed. The percentage of cells in 

each population is indicated.

180



o

Counts
0 160 320 480 840 800

Counts
0 240 480 720 880 1200

o X

1.0 1.' V Count*
0 200 400 600 800 1 000

I

3X

. Red 870

00 <
■DO

o Q < o o
o o O O00 CO 00 00
■03 p ■OS S

i r f 1 CJ r  r̂ ▼

Counts
0 100 200 300 400 500

I

Counts
0 230 480 890 920 1150

. Red 87010° 1o’ 10̂ 10° 10̂J * I» jjbHidi
Counts

0 200 400 600 800 1000



Figure 5.12

The CD8paH mice have reduced numbers of peripheral F5 transgenic 

TCR T ceils in the spleen

Splenocytes from F5/RAG-1"®9 mice (panel A), F5/RAG-1"®9/CD8p° 

mice (panel B), F5/RAG-1^®g/CD8paH.4 mice (panel 0) and F5/RAG- 

ineg/CD8pVA.1A mice (panel D) were analysed by flow cytometry for the 

surface expression of CD4 (biotin-conjugated; YTA3.1 mAb) and CD8a (PE- 

conjugated; KT15-23.1 mAb). Gates were set on the CD8 SP population and 

surface expression of CD8p (FITC-conjugated; 53.5.8 mAb) and F5 TCR 

(Biotin-conjugated; KT11) analysed. The percentage of cells in each 

population is indicated.
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Chapter Six

Biochemical analysis of the CDSpaH transgenic mice

6.1 Introduction

As described in Chapter Three, the 0-glycans of CDS are hyposialylated 

during differentiation, and change on activation from a core 1 to a core 2 

structure similar to CD43 (Piller et al., 1988). The O-linked sugars of CDS are 

clustered in the hinge region of the molecules, but unlike CDSa, CDSp appears 

to beomes hyposialylated during T cell activation (Casabo at a!., 1994). The 

hinge region of CDSp is thought to be capable of interacting with the TCR/CD3 

complex, and since this region is dominated by O-linked sugars it is possible 

the change in the glycosylation of these sugars during differentiation and on 

activation may be important for the function of CDSp. To investigate the function 

of the hinge region of CDSp, transgenic mice were produced expressing a 

hybrid CDSp molecule where the hinge region of CDSp had been swapped with 

the corresponding region of CDSa (CDSpa Hinge).

Mice lacking expression of CDSp show a reduction in the numbers of 

CDS SP thymocytes and mature T cells in the periphery due to defects in both 

positive and negative selection (Crooks and Littman, 1994). By backcrossing 

the CDSpaH transgenic mice with the CDSp° mouse, the effect of the hybrid 

molecule on T cell differentiation could be analysed in the absence of the 

endogenous CDSp molecule. As described in the previous chapter, the 

expression of the CDSpaH molecule on DP and CDS SP thymocytes could not 

increase T cell numbers compared to the CDSpo mice, suggesting the CDSpaH 

could not function as a normal CDSp molecule. It was possible that the 

expression level of the CDSpaH transgene may be having an effect on T cell
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differentiation rather than the hybrid molecule itself, since the transgene was 

only expressed at 60% of wildtype levels. To rule this out a control wildtype 

CDSp transgene in the same expression vector was used (CDSpVA), which 

gave expression at similar levels to the CDSpaH transgene. These CDSpVA 

transgenic mice did show a reduction in T cell differentiation, but the phenotype 

was much less severe than the CDSpaH and C D 8p° mice. This suggested the 

phenotype of the GDSpaH mice could not be simply explained by the 

expression level of the transgene and that there was some defect in the 

CDSpaH molecule which prevented it functioning like wildtype CDSp. To 

investigate the CDSpaH molecule in more detail, the glycosylation and 

biochemistry of the CDS complex in the transgenic mice were studied.

6.2 The CDS complex In the CDSpaH transgenic mice

To order to visualise the CDS complex expressed on the cell surface of 

CDSpaH transgenic mice, thymocytes from wildtype (B10), CDSpaH and 

CDSpo mice were cell surface iodinated, lysed and the CDS complex 

immunoprecipitated using anti-CDS beads. In all cases the wildtype and 

CDSpaH lysates were immunoprecipitated with anti-CDSp (YTS 156) beads to 

precipitate only the CDSap heterodimers, whereas CDSpo lysates were 

precipitated with anti-CDSa (YTS 169.4v) beads since they only express 

CDSaa homodimers. The immunoprecipitates were resolved by SDS-PAGE 

under reducing conditions (Figure 6.1). In the precipitations from wildtype 

thymocytes (CDSp+/+) three bands can be seen corresponding to the CDSa 

(SSkDa), CDSa' (32kDa) and CDSp (27-2SkDa) polypeptides. In the CDS 

precipitations from the CDSpo thymocytes (CDSp-/-) only the two CDSa and 

CDSa' band can be visualised, showing no CDSp protein is expressed in these 

mice. The precipitations from CDSpaH transgenic thymocytes show the CDSa 

and CDSa' bands and do not express the lower band relating to CDSp. This 

shows the anti-CDSp beads can precipitate CDSa and CDSa' confirming that
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the CDSpaH protein is expressed on the cell surface as a heterodimer with 

CDS a. A novel band of approximately 40kDa is present just above the CDSa 

band which may relate to the hybrid CDSpaH molecule. To confirm this, CDS 

immunoprecipitates were western blotted onto nitrocellulose membrane and 

probed with antisera specific for CDSp (Figure 6.2). As expected the wildtype 

thymocytes show a positive CDSp band running at 27-2SkDa, whereas no 

CDSp protein can be detected in precipitates from CDSpo thymocytes. In 

precipitates from two CDSpaH lines, CDSpaH.4 and CDSpaH.1, a positive 

CDSp band can be seen running at 40-41 kDa confirming this higher migrating 

band from the iodinated samples is the CDSpaH protein.

In order to examine the expression of the CDS complex on peripheral I  

cells, it was necessary to label 20 X 10® cells. Given the defect in positive 

selection of CDSpaHinge mice, it was not possible to obtain sufficient material 

from the available mice to visualise the protein clearly. Very faint bands can be 

seen in the CDS immunoprecipitates from the transgenic mice and it was not 

possible to confirm an individual CDSpaH band (Figure 6.3). The precipitation 

of CDS from wildtype thymocytes is described above, and shows the presence 

of the CDS, CDSa' and CDSp proteins (Figure 6.3A, lane 1). Resting wildtype T 

cells show the presence of CDSa (SSkDa) and CDSp (27-29kDa) on the cell 

surface (Figure 6.3A, lane 2). Only very small amounts of CDSa' can be seen 

on the cell surface, since most of the complexes containing CDSa' are retained 

intracellularly in mature T cells (Zamoyska and Fames, 19SS). Two species of 

CDSp can be seen in this precipitate, a predominant higher sialylated species 

(2S-29kDa), and a smaller faster migrating species, which is due to reduced 

sialic acid levels (Casabo et a i, 1994). On activation the CDSa band appears to 

be unaltered, but the CDSp protein shifts to become predominantly the lower, 

faster migrating species (Figure 6.3A, lane 3). In the CDSpaH transgenic the 

CDS precipitation from thymocytes appears slightly smeared, which may be due 

to some protein degradation (Figure 6.3B, lane 1). The resting T cells show a
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faint C D8a band at 38kDa, and a faint band at 32kDa which may be some 

CD8a' protein (Figure 6.3B, lane 2). A distinct CD8paH band cannot be seen 

but may migrate at a similar size to CD8a. In the activated T cells the CD8a 

band can again be seen with a faint CD8a' sized band (Figure 6.3B, lane 3). A 

distinct CD8paH band can again not be distinguished, but may be present just 

above the C D 8a protein. An additional band can be seen at 31 kDa, but this 

could not be identified. The reduction in the number of peripheral T cells in 

these mice made it difficult to precipitate enough protein to be detected 

unambiguously in a western blot with CD8p specific antisera, so the CD8paH 

protein from resting and activated I  cells could not be investigated further at 

this stage until more mice were available.

To confirm the control CD8pVA transgenic expresses a similar sized 

protein to the CD8p protein from wildtype mice, CD8 immunoprecipitates from 

two CD8pVA transgenic lines, CDSpVA.IA and CD8pVA.2, were compared 

with wildtype mice by western blotting and probing with antisera specific for 

CD8p (Figure 6.4). As before the wildtype precipitates show a positive CD8p 

band at 27-28kDa and the CD8p° precipitates is negative for CD8p. Both 

transgenic CD8pVA lines show a positive CD8p band which migrates at the 

same size as CD8p from wildtype mice. This suggests the CD8pVA protein is 

similar to the wildtype CD8p protein.

To investigate the CD8 complex found intracellularly in the CD8paH 

mice, thymocytes from wildtype, CD8paH, and CD8p° mice were metabolically 

labelled by incorporation of 35g methionine and cysteine. The thymocytes were 

lysed, the CD8 complex immunoprecipitated with anti-CD8 beads and resolved 

by SDS-PAGE under reducing conditions. As shown previously in Figure 3.6, 

the CD8a and CD8a' bands migrate as diffuse bands of approximately 38kDa 

and 32kDa, and bands of these sizes can be identified in the precipitates from 

wildtype, CDSpaH and C D8p° mice (Figure 6.5A). The precipitates from
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wildtype mice also precipitate the CD8p protein as a band of 27-28kDa and the 

26kDa band first described by Casabo (1992). As described in Chapter Four, 

the CD8po mice do not co-precipitate this 26kDa polypeptide suggesting this 

band associates with CD8p. The CD8 precipitation from metabolically labelled 

CD8po thymocytes also showed the presence of two precursor CD8a and 

C D8a' molecules which are N-glycosylated but contained no 0-glycans or sialic 

acid. These precursor bands fall at 29kDa and 35kDa, but only the 29kDa 

C D8a' precursor can be seen since the higher band falls within the diffuse 

C D8a' band. Like the CD8p°, the CD8 precipitates from C D8paH thymocytes 

do not contain the 26kDa polypeptide, and appear to have the 29kDa band. To 

confirm the 29kDa band was similar to the CD8a' precursor found in the CD8p°, 

the immunoprecipitates were western blotted and probed with antisera specific 

for the NH2 -terminal domain of CD8a. As expected the blotting revealed the 

C D8a and CD8a' bands from the wildtype, CD8paH and CD8po mice (Figure 

6.5B), but in addition the 29kDa band from the CD8p° and CD8paH precipitates 

also reacted with the antisera, suggesting the 29kDa in the CD8paH precipitate 

was similar to the CD8a' precursor found intracellularly in the CD8p°. To check 

the CD8 complex from the CD8pVA mice was comparable with wildtype mice, 

CD8pVA thym ocytes were m etabo lica lly labelled and CD8 

immunoprécipitations compared with wildtype and CD8po mice (Figure 6.6). 

The CD8pVA precipitate show the presence of the CD8a, C D 8a ' and CD8p 

bands at similar positions to the wildtype mice, and co-precipitate the 26kDa 

polypeptide showing they are comparable with wildtype mice.

6.3 Glycosylation of the CDSpaH

The CD8paH molecule is migrating at approximately 40-41 kDa in SDS- 

PAGE under reducing conditions, 12-13 kDa larger than the wildtype CD8p. 

This suggest that the change in the hinge region is causing the shift to a
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species with a larger molecular weight. The mature CDSpaH molecule Is 203 

amino adds long compared to the 193 amino acids of the CDSp protein, giving 

an Increase In size of 10 amino acids In the hinge region. The CDSpaH protein 

Is still smaller than CD8a which has 235 amino acids, yet appears higher than 

CD8a on SDS-PAGE. This suggests that the difference In the migration 

between the CD8p and CDSpaH may be due to changes In the glycosylation of 

the hinge region. As decrlbed In Chapter Three, CD8p contains one N-llnked 

sugars In the V-llke domain of the protein, whereas CD8a contains three N- 

llnked sugars. One of the N-llnked sugars of CD8a Is present at the junction of 

the hinge region and Is Included In the CD8paH sequence. Therefore CD8paH 

has two potential N-glycosylatlon sites, which If glycosylated could account for 

some of the Increase In size. The CD8a hinge has 9 serine and threonine 

residues which may be 0-glycosylated, 7 clustered In the NH2 -termlnal region 

of the hinge. In contrast, CD8p has 7 serine and threonine residues, 5 clustered 

In the NH2 -termlnal end of the hinge region. If all these residues are 

glycosylated, the C D 8a hinge would contain more 0-glycans than the CD8p 

hinge. It Is possible that changes In the glycosylation of the hinge region of the 

CD8paH molecule, due to the presence of additional N- and 0-glycosylatlon 

sites, may cause the C D8paH to migrate more slowly than the wildtype CD8p 

molecule.

To Investigate the glycosylation of the CD8paH compared to the CD8p 

protein, thymocytes from wildtype and CD8paH mice were cell surface 

Iodinated and Immunoprecipitated with antl-CD8p beads. The beads were left 

untreated (Figure 6.7, lane 2), or treated with N-glycanase/Endo F to remove N- 

llnked sugars (Figure 6.7, lane 3), neuraminidase to remove slallc acid residues 

(Figure 6.7, lane 4), or neuraminidase and 0-glycanase to remove 0-llnked 

sugars (Figure 6.7, lane 5). After N-glycanase/Endo F treatment the CD8a and 

CD8a' bands drop approximately 9kDa from 38kDa and 32kDa to 29kDa and 

25kDa respectively (Figure 6.7, lane 3). This shows the removal of three N-
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linked sugars which each causes a 3kDa shift in migration. In the wildtype 

precipitate, the CD8p band can be seen at 28-29kDa but does not drop after N- 

glycanase/EndoF treatment even though it contains one N-linked sugar. The N- 

linked sugar of CD8p appears to be résistent to these enzymes unless the 

protein is denatured (see Chapter 4.3). In the CD8paH precipitates, the 

CD8paH protein migrates slightly higher than CD8a at 40-41 kDa and drops 

after removal of N-glycans to 38kDa (Figure 6.7, lane 3). This suggests the 

removal of one N-linked sugars causing a shift in migration of 3kDa. Since the 

N-linked sugar of CD8p, which is present in the Ig-like domain, appears to be 

resistant to the N-glycanase enzymes, it would seem that the sugar removed 

from CD8paH is an additional N-glycan formed on the N-glycosylation site in 

the CD8a hinge region. To confirm the position of the CD8paH band, CD8 

immunopreipitates were western blotted and probed with antisera specific for 

CD8P (Figure 6.8). The wildtype CD8p band can be seen migrating at 

approximately 29kDa, and the CD8paH protein at 40-41 kDa (Figure 6.8, lane 

2). After N-glycanase treatment (Figure 6.8, lane 5), the wildtype band does not 

change its migration, but the CD8paH protein drops to approximately 38kDa 

showing a change in size of 3kDa indicating the removal of one N-linked sugar. 

In addition a fainter band can be seen below the 38kDa band at approximately 

33-34kDa, this is a change in migration of 6-7kDa from the untreated protein 

showing the removal of two N-linked sugars. This suggests the CD8paH protein 

contains two N-linked sugars, one of which is relatively resistant to N-glycanase 

treatment similar to the N-glycosylation of the wildtype CD8p chain.

After neuraminidase treatment the CD8a, CD8a' and CD8p bands in the 

precipitation of wildtype thymocytes all shift to faster migrating species, showing 

all three proteins are sialylated (Figure 6.7, lane 4). The bands all shift slightly 

further after 0-glycanase treatment showing the presence of 0-glycans (Figure 

6.7, lane 5). In the CD8paH precipitations only two bands can be seen after 

neuraminidase and 0-glycanase treatment, which compare with the C D 8a and
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CD8a' bands in the wildtype precipitation. This suggests that the CDSpaH 

protein may migrate at a similar size as either C D 8a or CD8a'. To confirm this 

the immunoprecipitates were western blotted and probed with an antisera 

specific for CD8p (Figure 6.8). After neuraminidase treatment the wildtype 

CD8P protein shifts to a band of approximately 27kDa (Figure 6.8, lane 3), and 

a slightly smaller band after 0-glycanase treatment (Figure 6.8, lane 4), a shift 

of about 1-2kDa. The CD8paH migrates at approximately 36-37kDa after 

neuraminidase treatment (Figure 6.8, lane 3) and again very slightly smaller 

after 0-glycanase treatment (Figure 6.8, lane 4), a shift of about 4-5kDa. This is 

a similar size to the C D 8a band after neuraminidase and 0-glycanase 

treatment suggesting in the iodinated samples (Figure 6.7, lanes 4 and 5) the 

CD8paH protein runs at the same position as C D 8a and therefore cannot be 

distinguished as an individual band. Therefore removal of the 0-glycosylation 

from the CD8paH protein causes a larger shift in the migration of the protein in 

SDS-PAGE than removal of the 0-glycans from the wildtype CD8p or CD8a 

protein. This suggests the glycosylation of the CD8paH is distinct from that of 

CD8p and CD8a, and causes the hybrid molecule to migrate as a much larger 

protein.

As described in Chapter Three, the CD8 complex from wildtype 

thymocytes can be precipitated with the lectins PNA and SNA, showing the O- 

linked sugars have a core 1 structure and sialic acid joined in an «2-6 linkage to 

GalNAc. To investigate whether the CD8 complex from the CD8paH transgenic 

mice still contain these structures, thymocytes from wildtype and transgenic 

mice were lysed and precipitated with PNA, SNA and MAA lectins and anti- 

CD8p beads as a control. The precipitates were western blotted and probed 

with antisera specific for the NHa-terminal domain of C D 8a to show the 

presence of the CD8 complex (Figure 6.9). As shown previously, the wildtype 

CD8 complex can be precipitated with PNA and SNA, but not MAA. The 

transgenic CD8 complex can also be precipitated with PNA and SNA, but not
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MAA, showing the 0-glycosylation is similar to the wildtype complex with a core 

1 structure and sialic acid joined in an «2-6 linkage to GalNAc. The western blot 

shows that in both cases the complexes containing CD8a appear to be more 

heavily sialylated than those containing C D8a', with C D 8a precipitating 

predominantly with SNA rather than PNA. The sialylation level of C D 8a is 

related to the differentiation of T cells, with PNA binding to CD8 on immature 

DP thymocytes and SNA binding to the sialylated CD8 0-glycans on SP 

thymocytes. CD8a' is expressed on the surface of DP thymocytes but not SP 

thymocytes (Zamoyska and Parnes, 1988) and these data suggest that most 

C D 8a’ is in the hyposialylated form. CD8a is expressed on DP thymocytes but 

to a greater extent on SP thymocytes, and is mainly found in the sialylated form 

recognised by SNA.

6.4 Discussion

6.4.1 Aitered giyocosyiation of the CDSpaH

The CD8p protein is 193 amino acids long and runs on a reducing SDS- 

PAGE at 27-28kDa. It has one N-linked sugar in the V-like domain and is O- 

glycosylated in the hinge region. The CD8paH protein is 203 amino acids long, 

with 10 extra amino acids in its hinge region compared to wildtype CD8p, but 

migrates at approximately 40-41 kDa. The predicted molecular weight of the 

mature unglycosylated CD8p protein is 22kDa, whereas the extra amino acid of 

the CDSpaHinge protein gives a predicted molecular weight of 23kDa. 

Therefore the extra amino acids in the CD8p«H protein do not alter the size of 

the protein to a great extent compared to wildtype CD8p, suggesting that the 

large change in migration of the CD8p«H protein is due to differences in the 

glycosylation of the hinge region. The CD8p«H protein was found to contain an 

additional N-glycosylation site in the hinge region of the protein, since this site 

was included in the region swapped from the CD8a protein. This site was found
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to be glycosylated giving the CDSpaH protein two N-linked sugars, but the 

protein still showed an increased molecular weight after N-glycanase treatment 

compared to C D 8a which is 235 amino acids long, suggesting 0-glycosylation 

may also be affected. Removal of sialic acid and O-linked sugars from the 

CD8a and CD8p proteins cause the bands to shift by 1-2kDa to a faster 

migrating species. When the sialic acid and O-linked sugars were removed 

from the CD8paH, the protein band was found to shift by 4-5kDa, much greater 

than either the C D 8a or CD8p proteins. This suggested the 0-glycosylation of 

the CD8paH was distinct from both C D 8a and CD8p.

Lectin analysis in Chapter Three shows that the wildtype CD8 complex 

from thymocytes has O-linked sugars with the core 1 structure and sialic acid 

joined in only the o2-6 linkage to GalNAc. The increased size of the CD8paH 

molecule, even after N-glycanase treatment, suggested that the protein may 

show distinct or more complex 0-glycosylation structures, or be sialylated or 

glycosylated to a greater extent. The CD8 complex from the CD8paH 

thymocytes could be precipitated with PNA, showing the presence of the O- 

glycan core 1 structure, although these are known to be present on the C D8a 

chain (Wu et a i, 1996). The core 1 structure can have sialic acid joined in either 

an o2-3 to galactose or an o2-6 linkage to GalNAc. CD43 from resting T cells is 

more heavily sialylated than CD8 with sialic acids joined in both linkages to the 

core structure (Filler at a i, 1988). The 0-glycans of the CD8paH molecule may 

be hypersialylated, which would account for the extended drop in size after 

neuraminidase treatment, but could only be precipitated with SNA and not 

MAA, suggesting only the o2-6 linkage to GalNAc was present. Unlike N-linked 

sugar chains, O-linked glycans have few structural rules with eight different 

core regions defined (Hounsell at a i, 1996), four of which can be sialyated in 

the a2-6  linkage to GalNAc. Only one of these four core regions can normally 

be found in membrane glycoproteins, the core 1 structure identified by PNA. 

This would suggest that the complexicity and sialyaltion of the 0-glycans on the
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CDSpaH Is unaltered, and that it Is the extent of the 0-glycosylatlon which 

causes the Increase In molecular weight of the CDSpaH protein. The CDSa 

hinge region has 9 serine and threonine residues, excluding those In the N- 

glycosylatlon site, 7 of which are clustered together In the NH 2 -term Inal region 

of the hinge. The CDSp hinge has 7 serine and threonine residues In the hinge, 

5 of which are clustered In the NHa-reglon. Although CDSa has more serine 

and threonine residues than CDSp they may not all be 0-glycosylated, and 

since on thymocytes both CDSa and CDSp proteins drop by 1-2kDa when the 

slallc acid and 0-llnked sugars are removed. It seems they may have a similar 

number of O-glycans. This Implies CDSp glycosylates a larger proportion of Its 

serine and threolnlne residues than CDSa. The CDSpaH will have a similar 

number 0-glycan sites to CDSa, but may glycosylate a larger proportion of 

these sites similar to CDSp, causing the 4-5kDa Increase In molecular weight. 

This suggests that the peptide sequence of the hinge region does not direct Its 

glycosylation, but that the context of the sequence, particularly the external 

domain, may be Involved In regulating the extent of the glycosylation of the 

hinge region.

The change In the glycosylation of the hinge region of CDSpaH may 

affect the function of this region within the MHC/TCR complex. The addition N- 

llnked sugar and Increased 0-glycosylatlon may Interfere with the Interactions 

between CDS and Its ligands. The V-llke domain of CDSp has been shown to 

Interact with MHC class I (Wheeler et a/., 199S), but It Is unlikely that the V-llke 

domain Is affected by change In the glycosylation of the hinge region. As 

discussed In Chapter Five, the V-llke domain folds Independently of the hinge 

region and can be recognised by two anti-CDSp antibodies which bind to 

conformation dependent epitopes In the V-llke domain. The altered 

glycosylation may affect the flexablllty of the hinge region or the position and 

orientation of the V-llke domain. It would be necessary to check that CDS could 

still bind MHC In the CDSpaH mice, to ensure that this can be disregarded.
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Confocal studies in the laboratory have suggested an interaction 

between the TCR and CD8p which allows CD8p antibodies to co-cap the TCR 

more efficiently than antibodies specific for CD8a (Kwan-Lim et a/., 1998). This 

has also been suggested by Wheeler et al. (1998), who found that CD8p can 

directly interact with MHC class I. If the V-like domains of CD8p contacts MHC 

class I, the hinge region of CD8p would be in the correct position to associate 

with the TCR. Since the hinge region of CD8p is dominated by 0-glycosylation, 

the interaction between CD8p and the TCR may be mediated via the O-

glycans. Arden (1998) proposed the O-linked sugars of CD8, clustered in the 

hinge region, interact with the lateral face of the TCR V a domain. This region of 

the TCR contains a highly conserved motif with striking similarity to sialic acid 

binding motifs in a variety of adhesion molecules. Arden suggested the heavily 

sialylated O-linked sugars in the CD8 hinge region would directly interact with 

this positively charged motif. If the interaction between CD8 and the TCR is 

predominantly mediated through CD8p as suggested, this is unlikely to be the 

case. The 0-glycans of CD8p become hyposialylated on activation and would 

become less negatively charged. This is also true during differentiation where 

both C D8a and CD8p are hyposialylated. These are the situations where the 

interaction between CD8 and the TCR are most likely occurring, suggesting that 

if the interaction is mediated through the 0-glycans on CD8p, it is the 

hyposialylated form which is most important.

The change of the hinge region in the CD8paH would be most likely to 

affect the interaction of the CD8p chain with the TCR. The additional N- and O- 

glycosylation may interfere with these interactions, preventing the coreceptor 

function of CD8 being carried out efficiently. Confocal co-capping studies using 

anti-CD8p antibodes would help to establish whether the interaction between 

CD8P and the TCR has been affected by the replacement of the hinge region. 

The ability co-cap the TCR with anti-CD8p antibodies in the C D8paH mice 

would show whether an interaction can still occur. More work in this area in
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required to establish how the CD8paH molecule affects the function of CD8, 

resulting in reduced CD8T cell differentiation similar to the CD8p°.

6.4.2 Role of the CDSp hinge In the biosynthesis and maturation of the 

CD8 complex.

The investigation of the CD8paH transgenic mice has suggested that the 

hinge region of CD8p may have a role in the transport of the CD8 complex 

within the cell. Similar to the CD8p°, precipitation of CD8 complex from 

CD8paH mice shows the presence of the precursor form of CD8a', implying the 

CD8a precursor would also be present. In the CD8p° these precursor 

molecules were found to be N-glycosylated, but not 0-glycosylated or 

sialylated, indicating there is a partial block in the transport of CD8 within the 

cell which appears to occur in the ER or pre-Golgi compartment. This block in 

the transport of CD8 was thought to be related to the reduced levels of C D 8a 

on the cell surface of CD8p° DP thymocytes, which are also found on CD8paH 

thymocytes (see Chapter Five). The presence of these precursor molecules 

may also be related to the absence of the 26kDa protein from the CD8 complex 

in CD8po and CD8paH mice. The 26kDa was first identified by Casabo (1992), 

and was thought to be involved in the assembly and/or transport of the CD8 

complex. In Chapter Four, the 26kDa was found to be associated with CD8p 

and its absence from the CD8paH mice suggests it may specifically interact 

with the hinge region of the molecule. Since this region of CD8p is dominated 

by 0-glycosylation and the 26kDa protein is thought to reside in an intracellular 

compartment prior to the medial Golgi (Casabo, 1992), it is possible that this 

protein may involved in the glycosylation of CD8p. The glycosylation of CD8p 

may itself be involved in the transport and maturation of CD8, since 

experiments blocking the 0-glycosylation of CD8 using monensin and BFA 

treatments cause the accumulation of precursor forms of the molecule and an 

arrest in the maturation of the complex (Pascale etal., 1992b). The identity of
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the 26kDa is currently being investigated in the laboratory using mass 

spectrometry and protein sequencing, in order to determine its role in the 

assembly of the CD8 complex.
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FIGURE 6.1

Precipitation of the CDS complex from CDSpaH transgenic thymocytes

Thymocytes from wildtype (CD8P+/+), CDSpaH.4 transgenic and 

CDSpo (CDSp-/-) mice were cell surface labelled with '•25|_shpp, lysed and 

precipitated with anti-CDSp beads (YTS 156), or in the case of CD8p° anti- 

CD8a beads (YTS 169.4v). Rat Ig beads were used as a precipitation control. 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE. 

Molecular weight markers and individual polypeptide chains are indicated.
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FIGURE 6.2

The CDSpaH protein migrates at approximately 40-41 kDa

Thymocytes from wildtype (Lane A), CD8p° (Lane B), and CD8paH.1 

(Lane C) and CD8paH.4 (Lane D) transgenic mice were lysed and 

precipitated with anti-CD8p beads (YTS 156), or in the case of CD8p° anti- 

CD8a beads (YTS 169.4v). Rat Ig beads were used as a precipitation control. 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE, 

blotted onto nitrocellulose membrane and probed with rabbit antisera specific 

for CD8p, R280. Proteins were visualised using the ECL detection system. 

Molecular weight markers and individual polypeptide chains are indicated.
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FIGURE 6.3

The CD8 complex from resting and activated T cells from CDSpaH 

transgenic mice

Thymocytes (lane 1), lymphocytes (lane 2) and lymphocytes activated 

in vitro for three days with ConA (lane 3) from wildtype (panel A) and 

CD8paH.4 (panel B) mice were cell surface labelled with ‘•25|_shpp, lysed 

and precipitated with antl-CDSp beads (YTS 156). Rat Ig beads were used as 

a precipitation control. Precipitates were run under reducing conditions on a 

12.5% SDS-PAGE. Molecular weight markers and Individual polypeptide 

chains are Indicated.
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FIGURE 6.4

The CDSpVA protein migrates at approximateiy 27-28kDa

Thymocytes from wildtype (CD8P+/+), CD8po (CD8p-/-) and 

CD8pVA.1 and CD8pVA.2 transgenic mice were lysed and precipitated with 

anti-CD8p beads (YTS 156), or in the case of CD8p° anti-CD8a beads (YTS 

169.4V). Rat Ig beads were used as a precipitation control. Precipitates were 

run under reducing conditions on a 12.5% SDS-PAGE, blotted onto 

nitrocellulose membrane and probed with rabbit antisera specific for CD8p, 

R280. Proteins were visualised using the ECL detection system. Molecular 

weight markers and individual polypeptide chains are indicated.
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FIGURE 6.5

The CDS complex from CDSpaH transgenic mice lack the p26 

polypeptide, but express a 29kDa CDSa polypeptide

Thymocytes from wildtype (CD8P+/+), CD8paH.4 transgenic, and 

CD8po (CD8p-/-) mice were labelled with ^^s-met/cys for 90 minutes (panel 

A), or left unlabelled (panel B). In both cases the cells were lysed and 

precipitated with anti-CD8p beads (YTS 156), or in the case of CD8p° anti- 

CD8a beads (YTS 169.4v). Rat Ig beads were used as a precipitation control. 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE, and 

the unlabelled samples (panel B) were blotted onto nitrocellulose membrane 

and probed with rabbit antisera specific for the N-terminus of CD8a, 2320. 

Unlabelled proteins were visualised using the ECL detection system. 

Molecular weight markers and individual polypeptide chains are indicated.
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FIGURE 6.6

The CDS complex from CDSpVA transgenic mice contains the 26kDa 

polypeptide

Thymocytes from wildtype (CD8p+/+), CD8pVA.2 transgenic and 

CD8po (CD8p-/-) mice were labelled with ^^s-met/cys for 90 minutes, lysed 

and precipitated with anti-CD8p beads (YTS 156), or in the case of CD8po 

anti-CD8a beads (YTS 169.4v). Rat Ig beads were used as a precipitation 

control. Precipitates were run under reducing conditions on a 12.5% SDS- 

PAGE. Molecular weight markers and individual polypeptide chains are 

indicated.
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FIGURE 6.7

The CDSpaH protein contains N- and 0-iinked sugars

Thymocytes from wildtype (CD8P+/+) and CD8paH.4 transgenic mice 

were cell surface labelled using ‘•^Sj-SHPP, lysed and precipitated with anti- 

CD8P beads (YTS 156). CD8p precipitates were treated with N-Glycanase 

(lane 3), neuraminidase (lane 4), neuraminidase plus 0-Glycanase (lane 5) 

overnight at 37°C or left untreated (lane 2). Rat Ig beads were used as a 

precipitation control (lane 1). Precipitates were run under reducing conditions 

on a 12.5% SDS-PAGE. Molecular weight markers and individual 

polypeptide chains are indicated.
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FIGURE 6.8

The CDSpaH protein Is more heavily N- and 0-glycosylated than the 

wildtype CDSp protein

Thymocytes from wildtype (CD8P+/+) and CD8paH.4 transgenic mice 

were lysed and precipitated with anti-CD8p beads (YTS 156). CD8p 

precipitates were treated with neuraminidase (lane 3), neuraminidase plus O- 

Glycanase (lane 4), N-Glycanase (lane 5) overnight at 37“C, or left untreated 

(lane 2). Rat Ig beads were used as a precipitation control (lane 1). 

Precipitates were run under reducing conditions on a 12.5% SDS-PAGE, 

blotted onto nitrocellulose membrane and probed with rabbit antisera specific 

for CD8p, R280. Proteins were visualised using the ECL detection system. 

Molecular weight markers and individual polypeptide chains are indicated.
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FIGURE 6.9

The 0-glycans of the CDS complex from CDSpaH transgenic mice have 

a core 1 structure and slallc acid joined In an a2-6 linkage to GalNAc

Thymocytes from wildtype (CD8p+/+) and C D8paH.4 transgenic mice 

were lysed and precipitated with anti-CD8p beads (YTS 156), biotinylated 

PNA, SNA or MAA lectins plus steptavidin (S/A) agarose, or streptavidin 

agarose alone. Rat Ig beads were used as a precipitation control. Precipitates 

were run under reducing conditions on a 12.5% SDS-PAGE, blotted onto 

nitrocellulose membrane and probed with rabbit antisera specific for the N- 

terminus of CD8a, 2320. Proteins were visualised using the ECL detection 

system. Molecular weight markers and individual polypeptide chains are 

indicated.

214



rs)
Ü1

o O
D D
CO CO

00 P p

?  I ' 1
G)
I

Control

Anti-CD8p
S/A Agarose

PNA

SNA

MAA

Control
Anti-CD8p

S/A Agarose 
PNA

SNA
MAA

O
D
00-03
+

O
o
CO
-03
P
%



Concluding remarks and future directions

The aim of this thesis was to look in more detail at the role of the CD8p 

polypeptide in the CD8 complex, and in particular the specific changes shown 

previously to occur to the 0-linked sugars in the hinge region of the molecule 

during I  cell differentiation and on activation (Casabo et ai, 1994).

In thymocytes, the 0-glycans of the CD8 complex were found to have a 

core 1 structure as described by Wu et a i (1996), which become sialylated as 

the I  cells differentiate due to increased sialyltransferase activity (Despont et 

ai, 1975). Both CD8f% and CD8p appear to be hyposialylated on immature T 

cells, similar to other cell surface glycoproteins such as CD43 and CD45 which 

are also heavily 0-glycosylated. The core 1 structure of 0-glycans can be 

sialylated in both the «2-3 linkage to galactose and the «2-6 linkage to GalNAc, 

but lectin analysis has shown only the «2-6 linkage is present on the CD8 O- 

glycans from mature T lymphocytes. Therefore each 0-linked sugar contains 

only one negatively charged sialic acid. The hyposialylation of CD8p during 

differentiation appears to be a general change found to occur to many O- 

glycosylated membrane glycoproteins, including CD8«, CD43 and CD45 (Wu et 

ai, 1996). The reason for this change in sialylation during differentiation is not 

known, but it has been suggested that it may regulate the movement of T cells 

from the thymic cortex to the medulla (Sharon, 1983), or be involved in thymic 

selection by regulating signal transduction (Gillespie etal., 1993).

The change in the sialylation of the CD8p chain on T cell activation 

appears to be more specific. The 0-glycans of CD8p were found to become 

hyposialylated, causing the protein to change to a faster migrating species on 

SDS-PAGE. No change in the migration of CD8« was noted, and CD8« 

remained sensitive to neuraminidase treatment showing it continued to stay
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sialylated. Changes in the biosynthetic pathway of 0-glycans have been noted 

upon T cell activation and have been shown to cause the 0-glycans of CD43 to 

shift from a core 1 structure on resting T cells, to a core 2 structure on activated 

T cells. This is due to a reduction in a2-6 sialyltransferase activity and an 

increase in p i-6 N-acetylglucosaminyltransferase activity (Piller et al., 1988). 

CD8 may also be affected by these changes, since on resting I  cells it has O- 

glycans with a core 1 structure and sialic acid joined in an «2-6 linkage to 

GalNAc. Lectin analysis showed the CD8 complex from activated I  cells could 

be precipitated with EGA, which is specific for the 0-glycan core 2 structure. 

The core 1 structure was also found to be present on CD8 from activated T 

cells, suggesting only some of the 0-linked sugars were altered. The core 2 

structure can only be sialylated in an «2-3 linkage to galactose, but only the 

presence of the «2-6 linkage was found. Therefore if CD8« remains sialylated 

on activated T cells with the «2-6 linkage to GalNAc, it indicates CD8« must 

remain with a core 1 structure. This implies that the hyposialylated form of the 

CD8p chain may be associated with a specific change in its glycosylation, with 

a switch from a core 1 structure on resting T cells to the core 2 structure on 

activated T cells. Further lectin analysis of the individual CD8« and CD8p 

chains is required to confirm this observation, but since this specific change in 

the CD8P chain occurs on activated peripheral T cells where functional 

association between CD8 and its ligands are occuring, the alteration in 

glycosylation may be important for the function of CD8p.

Several groups have suggested that the CD8p chain may uniquely 

interact with the TCR/CD3 complex (Sun and Kavathas, 1997; Kwan-Lim etal., 

1998; Wheeler et al., 1998). Since the V-like domain of CD8p interacts with 

MHO Class I (Wheeler et al., 1998), the highly 0-glycosylated hinge region of 

GD8P would be in the vicinity of the TGR suggesting this interaction may be 

mediated via the hinge region of the molecule. To look at the role of the hinge 

region of GD8p in more detail GD8p«H transgenic mice were constructed
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where the hinge region of CD8p was swapped with the corresponding region of 

CD8a. When backcrossed onto the CD8po mice, the transgenic CD8paH mice 

showed an 80% reduction in peripheral CD8 T cell numbers due to a block in T 

cell differentiation subsequent to the DP stage. Use of the F5 TCR transgenic 

mice showed this block was due to defective positive selection. This phenotype 

was very similar to the phenotype of the CD8p°, suggesting the CD8paH 

molecule could not function as a wildtype CD8p protein. Biochemical analysis of 

the CD8paH showed the protein was more heavily 0-glycosylated than either 

CD8a or CD8p, and contained an extra N-linked sugar compared to CD8p 

incorporated in the C D 8a hinge sequence. The presence of the CD8a hinge 

region, or the additional glycosylation, may affect the function of the CD8paH 

interferring in the interaction with the TCR/CD3 complex. This could be 

investigated further using confocal microscopy techinques, to show whether 

anti-CD8p antibodies can induce co-localization of the TCR molecules as 

efficiently in the CD8paH transgenic mice as in wildtype mice (Kwan-Lim et al., 

1998). Co-capping studies after enzyme treatment of cells to remove the O- 

glycosylation from the hinge region of wildtype CD8p would also allow us to 

show whether the interaction between CD8p and the TCR was via the O- 

glycans. Although the changes in the hinge region are not expected to affect 

the association of the V-like domain of CD8p with MHC class I, this needs to be 

examined in more detail before it can be disregarded. Further studies to ensure 

MHC class I molecules can associate with heterodimers containing the 

CD8paH must be carried out.

While examining the changes in CD8p on activation, a 14kDa 

polypeptide was identified which associated with the CD8 complex on the 

surface of resting T cells, but was not present on activated T cells. This 

suggested that the presence of this protein may be related to the changes 

occurring to the 0-glycosylation of CD8p on activation. Galectin-1 was 

proposed as a candidate for the 14kDa protein, since it is a carbohydrate
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binding protein known to interact with other 0-glycosylated proteins such as 

CD43 and CD45. However the 14kDa protein was found not to react with an 

anti-galectin-1 specific antibody and could associate with the CDS complex 

even after enzymatic treatment to remove the N- and 0-glycans. This 

suggested it was not a lectin-like protein and the availability of the CDSpo mice 

allowed us to show the 14kDa protein did not specifically associate with CDS p. 

To investigate the identity of the 14kDa polypeptide further it would be 

necessary to use mass spectrometry and protein sequencing analysis, but my 

initial studies suggest the 14kDa protein has sialylated 0-linked sugars and 

appears to associate with the CDS complex via the CDSa chain.

Precipitation of the CDS complex from metabolically labelled CDSpo 

thymocytes revealed the absence of a 26kDa polypeptide, previously shown to 

associate with the CDS complex (Casabo, 1992). In these mice, the absence of 

CDSp and the 26kDa protein was associated with the presence of precursor 

CDSa and CDSa' bands. The precursor bands contained N-glycosylation, but 

no 0-glycosylation or sialic acid, indicating a block in the cellular transport of 

CDS in the ER or pre-Golgi compartment. The presence of these precursor 

CDSa and CDSa' molecules was also found in the CDSpaH transgenic mouse, 

again associated with the loss of the 26kDa polypeptide. This suggests the 

26kDa polypeptide may interact with the hinge region of CDSp and be involved 

in the glycosylation of this domain, or the transport of the CDSpaH 

heterodimers to the cell surface. Further studies using mass spectrometry and 

protein sequencing to identify the 26kDa polypeptide are underway to 

investigate the role of this protein in the assembly of the CD8 complex.
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