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Abstract

The aims of the present study were to examine CD8 function by observing the 

effect of blocking CD8 expression and by looking at CD8 phosphorylation.

Attempts were made to down-regulate expression of murine CD8 at both the 

mRNA and protein levels. The first tactic involved anti-sense RNA, produced by 

plasmid constructs. These were made using fragments of the CD8 cDNA and 

genomic clones, inserted into an expression vector in the 3’ to 5’ orientation. The 

second strategy involved the use of viral retention signals. Hybrids were made 

between mutant coronavirus E l proteins and the membrane external domain of the 

CD8a. The aim was for these hybrids to interfere with native CD8 intracellular 

transport.

Anti-sense and dominant negative mutant constructs were transfected into 

CD8+ murine cell lines. Although the cells were shown to be transfected with the 

appropriate DNA constructs, no reduction in the surface expression of CD8 was 

observed and no anti-sense or dominant negative mutant RNA was detected. 

Possible reasons for this are discussed.

CD8 phosphorylation was studied in order to address the functions of the 

murine CD8 molecule, especially with regard to its potential signalling roles. CD8 

is phosphorylated on cytoplasmic serine residues during T cell activation. Site- 

directed mutagenesis was used to produce CD8 molecules lacking either or both of 

the two cytoplasmic serine residues, at positions 195 and 216. Mutation of serine 

residue 216 completely abolished CD8 phosphorylation in response to PMA. 

However, abolition of CD8 phosphorylation did not affect the ability of CD8 to 

restore the antigen responsiveness of a CD8‘ hybridoma, as measured in several 

| different ways.
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Chapter 1 General Introduction

1.1 Structure and expression of murine CD8 and CD4 molecules

The classical cellular component of the immune system is mediated by T 

lymphocytes. In common with B cells, these lymphocytes are capable of specifically 

recognising foreign molecules using an antigen receptor expressed on their cell 

surfaces. The B cell antigen receptor consists of immunoglobulin (Ig) molecules 

while T cells recognise antigen with the T cell receptor (TcR). The T cell receptor 

consists of two disulphide bonded a and 6 polypeptide chains on most peripheral T 

cells, while a subset of T cells exists expressing a TcR composed of y and 6 chains. 

In both T cell subsets the TcR chains are expressed on the cell surface in association 

with polypeptides of the CD3 complex (reviewed in: Davis, 1990).

In addition to these molecules, T cell antigen recognition involves the CD4 

and CD8 accessory molecules. These molecules are glycoproteins expressed on the 

cell surface of both mature T cells and on thymocyte subpopulations, where their 

pattern of expression has led to them being referred to as differentation antigens. 

Structure o f CD8 and CD4 polypeptides

In early studies mouse CD8 was described as two separate antigens, Lyt-2 and 

Lyt-3 (Cantor and Boyse, 1975). These antigens were found to be coded for by 

separate genes, Ly-2 and Ly-3, which map to chromosome 6 and are closely linked 

both to each other and the IgK light chain locus (Itakura et al, 1972; Gottlieb, 1974; 

Gibson et al, 1978). The Lyt-2 and Lyt-3 antigens were shown to exist on individual 

polypeptide subunits, disulphide-bonded in heterodimeric structures on the surface
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of the cell (Ledbetter and Seaman, 1982; Ledbetter et al, 1981b; Jay et al, 1982). The 

Lyt-2 antigen existed in one of two forms, with molecular weights of 38kD (CD8a) 

and 32-34kD (CD8a’), while the Lyt-3 antigen was shown to be a single polypeptide 

of 28-30kD (CD8B). Mouse CD8 is therefore expressed as a heterodimer consisting 

of CD8a/CD8B or CD8a’/CD8B polypeptides, on the cell surface. Kirszbaum et al 

(1989) have found that the interchain disulphide bond of the CD8 heterodimer occurs 

between cysteine residues located on the extracellular domains of the CD8a,a’ and 

CD8B polypeptide chains. In contrast the murine CD4 molecule was shown to be a 

glycoprotein migrating at 55kD, and expressed on the cell surface as a single 

polypeptide chain (Dialynas et al, 1983a).

More information on the structure and expression of murine CD8 was 

obtained from studies on the CD8 gene. Zamoyska et al (1985) used a human CD8 

cDNA (Littman et al, 1985) to isolate mouse CD8a cDNA clones. The latter were 

then used to isolate mouse CD8a genomic clones. As for the human CD8 molecule 

(Littman et al, 1985), the protein sequence of CD8a (as predicted from the cDNA) 

was predicted to fold into similar structures to Ig V regions (Zamoyska et al, 1985). 

Examination of the predicted protein sequence of CD4 indicated that this molecule 

contained similar homologies to Ig V regions (Tourvieille et al, 1986). Thus, both 

CD4 and CD8 molecules were shown to be members of the Ig gene superfamily. 

Expression o f murine CD8

Transfection of mouse CD8a cDNA clones into mouse L cells was shown to 

result in the expression of both CD8a and CD8a’ polypeptides on the cell surface 

(Zamoyska et al, 1985). Determination of the nucleotide sequence of the mouse 

CD8a genomic clone revealed that the CD8a RNA was alternately spliced to include
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or exclude exon IV, thus generating the CD8a and CD8a’ RNA species, respectively 

(Liaw et al, 1986). Splicing exon IV out of the CD8a RNA to produce the CD8a’ 

RNA species, produces a change in the translational reading frame at the junction 

between exons III and V, resulting in premature termination of translation of the 

CD8a’ messenger RNA (mRNA). The resulting CD8a’ polypeptide only contains 3 

amino acids in the cytoplasmic domain, whereas the CD8a polypeptide contains 28 

(Liaw et al, 1986).

The gene encoding the murine CD8B polypeptide was cloned and cDNA 

clones were shown to have little sequence homology to CD8a cDNA clones (Gorman 

et al, 1988). However, in common with the CD8a cDNA, the CD8B cDNA clones 

showed regions of sequence homology to Ig V regions. Transfection of the CD8B 

gene into mouse L cells revealed that the CD8B protein could only be expressed on 

the cell surface in combination with the CD8a (CD8a’) protein (Gorman et al, 1988), 

unlike the CD8a (CD8a’) polypeptide which did not require the presence of the 

CD8B polypeptide for its surface expression (Zamoyska et al, 1985).

Although produced by the same gene, expression of CD8a and CD8a’ 

polypeptides on the cell surface was found to be differentially regulated during T cell 

development. Walker et al (1984a) have shown that thymocytes express both 

CD8a:CD8B and CD8a’:CD8B heterodimers on the cell surface, and used thymomas 

to show that both molecules could be expressed on the same cell (Walker et al, 

1984b). However, peripheral T cells express mostly CD8a:CD8B dimers on their 

surfaces. Furthermore, mature thymocytes have been shown to express less surface 

CD8a’ protein than more immature thymocytes (Zamoyska and Pames, 1988).

The regulation of CD8a’ protein expression was shown not to be at the
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transcriptional level, as thymocytes, thymomas, cytotoxic T lymphocyte (CTL) clones 

and peripheral T cells were all found to express equivalent levels of CD8a and 

CD8a’mRNA (Zamoyska and Pames, 1988). Thymocytes and peripheral T cells were 

shown to translate equivalent amounts of CD8a and CD8a’ protein and no 

differences were seen in the glycosylation or degradation of the two polypeptides. 

The fact that CD8a’ polypeptides from both thymocytes and mature peripheral T 

cells contain sialic acid residues suggests that the loss of CD8a’ protein on the 

surface of mature T cells is due to its selective retention in the Golgi or post-Golgi 

compartment (Zamoyska and Pames, 1988).

Murine CD8 therefore exists as two heterodimeric forms on the surfaces of T 

cells. The two forms differ in the length of the cytoplasmic domain of the CD8a 

subunit and their expression is developmental^ controlled. Consideration of murine 

CD8 structure and its expression patterns is important in studies on the function of 

this molecule, both in development and in mature T lymphocyte responses.

1.2 CD4 and CD8 function in T cell activation

Pattern o f CD4 and CD8 expression in the periphery

Both the CD4 and CD8 molecules are also crucial to the function of T cells 

in the periphery. Mature thymocytes acquire the expression of either molecule, in 

a mutually exclusive manner, before their exit from the thymus (Reinherz and 

Schlossman, 1980; Reinherz et al, 1980a; Ceredig et al, 1983; Mathieson and Fowlkes, 

1984).

The mutually exclusive expression of CD4 and CD8 on peripheral T cells was
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originally correlated with the function of the respective T cell subset. The subset 

expressing CD4 (60-65%) was found to have an inducer or helper function, while the 

subset expressing CD8 (20-35%) was shown to have cytotoxic activity (Cantor and 

Boyse, 1977; Reinherz et al, 1979a,b, 1980b). However, CTL which express CD4 and 

recognise Major Histocompatibility Complex (MHC) class II molecules, as well as T 

helper cells (Th) which express CD8 and recognise MHC class I molecules, have 

been documented (Swain et al, 1981, 1984; Swain and Panfili, 1979; Biddison et al, 

1982; Krensky et al, 1982a,b). In view of the exceptions found to this functional 

subdivision, the best correlation proved to be the class of MHC antigen recognised 

by the respective T cells. Most CD8 positive T cells recognise MHC class I 

expressing target cells, and most CD4 positive T cells recognise cells expressing MHC 

class II molecules (Swain, 1981; Meuer et al, 1982a,b; Engleman et al 1981).

CD4 and CD8 as receptors for MHC molecules

The strong correlation between the accessory molecule expressed and the class 

of MHC antigen recognised suggested that CD4 and CD8 may be involved in binding 

of the respective MHC molecules. Direct binding of CD8 to MHC class I molecules 

was first shown by Norment et al (1988), who demonstrated cell-cell adhesion 

between human B cell lines expressing MHC class I molecules, and transfected 

Chinese hampster ovary cells expressing high levels of human CD8. Adhesion was 

found to be inhibited by either anti-CD8 or anti-MHC class I monoclonal antibodies 

(mAbs). Rosenstein et al (1989) confirmed this finding by showing that purified CD8 

molecules or MHC class I antigens, incorporated into lipid membranes of artificial 

target cells, could mediate adhesion to either MHC class I positive or CD8 positive 

cells respectively. Furthermore they showed that the respective artificial target cells
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formed conjugates when they were incubated together. Direct binding of CD4 to 

MHC class II molecules was first demonstrated by the fact that human B cells 

expressing MHC class II molecules bound to monolayers of transfected cells 

expressing high levels of CD4 (Doyle and Strominger, 1987). Both anti-CD4 and 

anti-MHC class II mAbs were found to inhibit this binding. These studies 

demonstrate that the CD4 and CD8 accessory molecules interact with MHC 

molecules.

The possible functional significance of such interactions between accessory 

molecules and MHC antigens came from studies on the inhibition of T lymphocyte 

function by antisera and mAbs directed against the accessory molecules. Cytotoxicity 

of targets by T cells has been shown to be inhibited by both anti-CD8 antisera 

(Shinohara and Sachs, 1979; Nakayama et al, 1979) and anti-CD8 mAbs (Evans et al, 

1981; Reinherz et al, 1981; Landegren et al, 1982). Proliferation of CD8 positive T 

cells in mixed lymphocyte reactions (MLRs) could also be blocked by anti-CD8 mAbs 

(Hollander et al, 1980; Engleman et al, 1983). In addition, the class II MHC antigen- 

specific responses of CD4 positive T cells were shown to be inhibited by anti-CD4 

mAbs (Dialynas et al, 1983; Shaw et al, 1985). However, variability was shown in 

efficiency of anti-CD8 mAbs to block cytotoxicity of different CTL clones 

(MacDonald et al, 1982) as well as anti-CD4 mAbs to inhibit the responses of CD4 

positive T cell clones (Dialynas et al, 1983a; Shaw et al, 1985).

These studies led to the hypothesis that the accessory molecules are required 

by T cells during antigen recognition in order to increase the avidity of the TcR- 

MHC antigen interaction by binding to the MHC molecules (MacDonald et al, 1982; 

Swain, 1983; Marrack et al, 1983). Clonal heterogeneity in the effectiveness of anti-
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CD4 or anti-CD8 mAbs to block the responses of T cell clones would then be 

explained by differences in the affinity of their TcRs for MHC antigen and the 

consequently variable dependence of the T cell clones on accessory molecule-MHC 

interactions. In other words, T cells expressing TcRs with high affinity for MHC 

antigen are less dependent on accessory molecule interactions than those expressing 

TcR with low affinity for MHC.

Transfection studies have supported the enhancing role of accessory molecules 

in antigen-induced T cell activation. Dembic et al (1987) transfected a CD8 negative 

recipient cell line with TcR a and 6 chains genes, obtained from a CD8 positive CTL 

specific for fluorescein (FL) in context of H-2Dd MHC molecules. The CTL lysed 

both FL-conjugated fibroblasts and lymphoblasts, which express high and low levels 

of the H-2Dd molecule respectively. However, the transfectant only lysed high level 

MHC expressing FL-conjugated fibroblasts. By supertransfecting the transfectant 

cells with the CD8 gene, recognition of FL-conjugated lymphoblasts was achieved. 

Expression of CD8 molecules on these transfectants therefore served to increase the 

avidity of the interaction between the TcR and MHC molecules.

In a similar study Gabert et al (1987) transfected an MHC class Il-restricted 

CD4 positive T cell hybridoma with the a and 6 chain genes of a TcR from a MHC 

class I-specific, CD8-dependent CTL clone. The TcR was transfected alone or 

together with the murine CD8 gene. MHC class I specificity of the CTL clone was 

only conferred on the hybridoma when it was transfected with both TcR and CD8 

genes. This study shows that CD8 and TcR are the only molecules necessary to 

confer MHC class I-reactivity upon a T cell line.



22

Involvement o f CD4 and CD8 in signalling

However, it became apparent that the function of the CD8 and CD4 molecules 

was not simply to increase the avidity of the interactions between TcR and MHC 

molecules, and that there was another component. Evidence exists that these 

molecules may be involved in signal transduction. Cytotoxic reactions exhibited by 

CTL may be divided into binding (conjugate formation) and postbinding (lytic) 

phases. Anti-CD8 mAbs have been found to inhibit the cytotoxic reaction of CD8 

positive CTL at both the binding and postbinding phases (Van Seventer et al, 1986; 

Blanchard et al, 1987). Cytotoxicity of CD4 positive clones was also found to be 

inhibited, by an anti-CD4 mAb, at the postbinding phase and indeed the mAb only 

marginally affected conjugate formation (Blanchard et al, 1988). Inhibition of 

responses at post-binding phases was interpreted to signify transduction of negative 

signals through CD4 and CD8.

Further evidence suggesting that CD4 and CD8 are involved in signal 

transduction came from experiments in which an anti-CD8 mAb was found to block 

CTL lectin-dependent cellular cytotoxicity of MHC class I negative target cells 

(Hiinig, 1984). Also, anti-CD3 mAb activation of CD4 positive T cells was found to 

be blocked by anti-CD4 mAbs (Bank and Chess, 1985). As inhibition of T cell 

activation in both studies occurred in the absence of MHC molecules (CD4/8 

ligands), this suggested that CD4 and CD8 accessory molecules function, at least in 

part, by transducing negative signals to inhibit T  cell activation. Studies on the 

mobilisation of cytoplasmic free calcium ([Ca2+]j) would appear to support this idea, 

since anti-CD4 mAbs were found to inhibit mobilisation of [Ca2+]j in CD4 positive 

cells stimulated by Concanavalin A (ConA) and antigen (Rosoff et al, 1987) and anti-
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CD3 mAbs (Ledbetter et al, 1988).

On the other hand, studies using hapten-specific CD4+CD8+ T cell clones 

showed that MHC class II-restricted, antigen-induced lymphokine production was 

inhibited by anti-CD4 but not anti-CD8 mAbs (Fazekas de St.Groth et al, 1986). In 

CD8 positive alloreactive CTL clones, cytotoxic for both MHC class I and class II 

expressing target cells, MHC class I-directed cytotoxicity was blocked by an anti-CD8 

mAb. However the mAb had no effect on the MHC class Il-driven cytotoxic 

response (Aparicio et al, 1987). In these studies mAb inhibition appears to function 

solely by blocking the interaction of accessory molecules with MHC antigens, and not 

by transducing negative signals. In contrast Jones et al (1987) found that the antigen 

response of MHC class II-restricted CD4+ CD8+ T cells could be inhibited by mAbs 

against either CD4 or CD8 molecules. However, the anti-CD4 mAb was found to be 

more efficient at inhibition and the inhibition produced by anti-CD8 mAbs was most 

efficient at low antigen doses. It is probable then that in these cells CD4 plays the 

dominant role in recognition of MHC class II molecules, but that CD8 molecules play 

an important additional role in target recognition possibly by strengthening adhesion 

between cells.

Evidence exists for a physical association between the accessory molecules and 

the TcR/CD3 complex during T cell activation. The necessity for such associations 

could explain the inhibitory effects of anti-CD4 and anti-CD8 mAbs on T cell 

activation in the absence of MHC expressing targets. Janeway et al (1988) showed 

that activation of a T cell hybridoma by a mAb specific for one epitope of the TcR 

was inhibited by an anti-CD4 mAb, but that activation produced by mAbs directed 

at other epitopes of the TcR was not affected. As the inhibitory anti-CD4 mAb did
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not detectably alter the binding of the anti-TcR mAbs, and vice versa, a possible 

explanation for the inhibition is that binding of the respective mAbs to their target 

molecules prevents physical association of CD4 and the TcR on the hybridoma.

Other studies also suggest that a CD4(CD8)-CD3/TcR association may exist. 

Anti-TcR mAbs, directed at certain V-region epitopes and able to activate a T cell 

clone at low numbers of molecules bound, have been shown to induce co-capping and 

co-modulation of TcR with CD4 molecules (Saizawa et al, 1987), while this was not 

seen with less efficient activating mAbs. Kupfer et al (1987) have reported co- 

clustering of CD4 with TcR molecules, induced by interaction of Th cells with antigen 

presenting cells. Moreover this coclustering was only seen when the antigen 

presenting cells expressed the appropriate MHC class II molecules and presented the 

relevant antigen. These studies suggest that negative signalling through CD4 and 

CD8 can be explained by anti-CD4 and anti-CD8 mAbs interfering with the 

association between the accessory molecules and the TcR.

The evidence for physical approximation of CD4/8 with TcR molecules during 

T cell activation has led to the idea that the accessory molecules may be involved in 

transduction of positive signals. Support for this idea comes from studies 

demonstrating positive signals using mAb combinations. Heteroconjugate mAbs, 

consisting of combinations of an anti-CD3 mAb and either an anti-CD4 or anti-CD8 

mAb, were very efficient at stimulating the corresponding mouse T cell subpopulation 

under conditions in which the anti-CD3 mAb alone was not stimulatory (Emmrich 

et al, 1988). CD3/CD4 heteroconjugate mAbs were also found to induce mobilisation 

of [Ca2+]j in resting T cells far more efficiently than either CD3/CD3 or CD4/CD4 

homoconjugate mAbs (Ledbetter et al, 1988).
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Both CD4 and CD8 molecules have been further implicated in signalling 

pathways during T cell activation by virtue of their association with p56Ick, a tyrosine 

kinase exclusive to T  lymphocytes (Rudd et al, 1988; Veillette et al, 1988). This is 

discussed in more detail in chapter 7.

In summary, the CD4 and CD8 molecules expressed on the surfaces of T 

lymphocytes are thought to play an important role in T cell activation, both by 

increasing the avidity of the interaction between TcR and MHC molecules and by 

transducing positive signals across the plasma membrane. These functions are 

necessary for both the helper and cytotoxic responses of most T cells.

Do CD4 and CD8 function differently in mature versus immature T  lymphocytes?

In addition to their function as accessory molecules in T cell activation, CD4 

and CD8 also have a role in T cell differentiation in the thymus. It is possible that 

these molecules may have distinct functions at these two stages of development. 

Munakata et al (1988) have described a CTL clone which has lost expression of the 

CD8 molecule on its cell surface. Loss of the accessory molecule renders the cell 

unable to lyse antigen expressing target cells, although the cell is still able to lyse an 

anti-CD3 hybridoma. This finding led to the suggestion that the CD8 molecule on 

effector CTL is only necessary for adhesion in antigen recognition and not for 

activation of the cytolytic machinery (Manukata et al, 1988). However, this study only 

shows that the lytic machinery of the CTL is functional in the absence of CD8 surface 

expression and in no way rules out that the CD8 molecule in association with the 

TcR, is necessary for signal transduction as well as adhesion, during antigen 

recognition.

Cross-linking of mAbs directed against the CD3/TcR complex with those
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against CD4 or CD8, has been shown to stimulate peripheral (resting) T  cells to a 

greater degree than cross-linking the mAbs to themselves (section 1.1; Emmrich et 

al, 1986; Eichmann et al, 1987; Boyce et al, 1988). Eichmann et al (1989) proposed 

that the enhanced stimulus was a result of the increase in association between the 

accessory molecules and the CD3/TcR complex. They also suggest that during 

thymic development the appropriate accessory molecule binds to the same MHC 

antigen as the TcR and that this is the positive signal resulting in the expansion and 

maturation of cells bearing the targeted TcR.

CD4 and CD8 accessory molecules are thus proposed to be "bifunctional" 

molecules capable of interactions with CD3/TcR and MHC complexes and that the 

former function is exploited in resting T cells while the latter is of greater importance 

in activated cells and during T cell differentiation (Eichmann et al, 1989). Although 

it has not been proven that such a functional difference exists between molecules 

expressed on activated and on resting cells, the proposal that CD8 and CD4 

molecules expressed on thymocytes do not function identically to those on mature 

cells is supported by studies showing that immature thymocytes are generally 

immunologically unresponsive (Finkel et al, 1991). Such unresponsiveness may 

indeed involve the adoption of partial CD4 and CD8 function.

1.3 CD4 and CD8 molecules in thvmic development

Thymocyte subpopulations

A role for the CD4 and CD8 in the T cell differentiation process is suggested 

by the heterogeneous and developmentally controlled expression of these molecules
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on thymocytes. Based on the expression of CD4 and CD8, the adult mouse thymus 

has been found to contain four subpopulations: CD4+CD8+ cells (80%), CD4CD8' 

cells (5%), CD4+CD8' cells (10%) and CD4'CD8+ cells (5%). The percentage of 

each subpopulation varies with the age of the mouse and its strain. The CD4'CD8' 

(double negative) thymocytes are thought to include progenitor cells which acquire 

the expression of both CD4 and CD8 (double positives) during differentiation and 

eventually give rise to the CD4+CD8' or CD4'CD8+ (single positive) mature 

thymocytes, which then emigrate from the thymus (Fowlkes and Pardoll, 1989).

The CD3/aBTcR complex first appears on cells in the double positive 

subpopulation, of which approximately half are CD3+. The levels of CD3 expressed 

on the cell surface increase as the double positive thymocytes mature into single 

positive cells (Fowlkes and Pardoll, 1989). However, the CD8 single positive 

subpopulation was found to contain a small group of cells which were CD3/aBTcR 

negative (Crispe et al, 1987). As CD8 single positive cells were shown to precede 

double positive thymocytes in mouse foetal thymus (Ceredig et al, 1983), it is now 

thought that double negative thymocytes pass through a CD8+CD4‘ stage before 

acquiring expression of both molecules and entering the phase of thymic selection. 

T cell differentiation

The idea that generation of the T cell repertoire may involve interactions 

between the TcR and MHC molecules was first proposed by Jerne (1971). 

Zinkernagel and Doherty (1974) showed that MHC compatibility was necessary for 

the recognition of virus-infected target cells by primed T cells and suggested that 

antigen was presented to T lymphocytes by self-MHC molecules. Bevan (1977) 

demonstrated the effect of self-MHC molecules on developing T cells. Using
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radiation bone marrow chimeras he showed that CTL heterozygous for MHC 

haplotype (A/B), which develop in irradiated A host, respond preferentially to 

antigen and MHC of haplotype A. Selection of the T cell repertoire towards self- 

MHC restriction was found to be associated with the thymus (Zinkemagel et al, 

1978). This part of thymic development is generally referred to as "positive 

selection".

The most compelling recent evidence for positive selection comes from the 

study of aBTcR transgenic mice (Teh et al, 1988; von Boehmer et al, 1989). In this 

study mice were made transgenic for the aBTcR obtained from a CD4'CD8+ CTL 

specific for the H-Y antigen in context of the H-2Db MHC class I antigen. Female 

H-2b transgenic mice were found to have an elevated number of CD4CD8+ 

thymocytes and only CD4'CD8+ cells were found to express high levels of the 

transgenic aBTcR (Teh et al, 1988). However, analysis of thymuses from radiation 

bone marrow chimeric H-2d or H-2k mice, reconstituted by H-2b transgenic 

thymocytes, showed no preferential increase in the CD4CD8+ subpopulation. It was 

suggested that the skewing towards the CD8 single positive phenotype in transgenic 

mice was due to the positive selection of cells expressing an MHC class I-specific 

TcR by appropriate MHC class I antigens in the thymus, in the absence of the 

nominal antigen. Engagement of the transgenic TcR and CD8 molecules, by MHC 

class I antigens, results in the selection of an increased number of thymocytes for the 

CD4‘CD8+ phenotype.

Nevertheless it is possible that this is the result of the selection of thymocytes 

expressing the transgenic aBTcR at the immature CD4CD8+ stage, as the transgenic 

TcR is expressed much earlier in development of thymocytes than the endogenous
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TcR, and at levels equal or greater to those found on mature T cells. This would 

result in thymocyte maturation by an alternative pathway, bypassing the CD4+CD8+ 

double positive stage, and would hence not reflect generation of the T cell repertoire 

in non-transgenic mice. However, skewing towards the CD4+CD8' phenotype has 

been shown in mice transgenic for the aBTcR of MHC class II-specific T cell clones 

and expressing the appropriate MHC molecules (Berg et al, 1989). Transgenic mice 

models thus have evidence for positive selection by both MHC class I and MHC class 

II molecules in the thymus.

The theory of positive selection by MHC antigens maintains that the TcR 

specificity determines the CD4/CD8 phenotype of the selected cells (von Boehmer 

et al, 1989). In other words, MHC class I-restricted T cells express CD8 and not CD4 

molecules, and vice versa for MHC class II-restricted T cells. However, it does not 

discriminate between the possible mechanisms for this process. For example, T cell- 

MHC antigen interactions may instruct the CD4+CD8+ thymocyte to down-regulate 

the. expression of the inappropriate accessory molecule (instructive model). On the 

other hand, loss of expression may be random, and only the thymocytes with the 

appropriate combination of TcR and accessory molecule would be selected to 

differentiate further (stochastic model). In the latter model the non-selected cells 

would presumably die in the thymus. Although generally favoured, the instructive 

model has not been proven.

Whether T cells are selected for recognition of self-MHC or not, they must 

be tolerant to self-antigens presented by MHC molecules. This may be brought 

about by elimination of self-reactive T cells or by their functional inactivation. The 

process of tolerisation, or negative selection, has been shown to occur in the thymus



30

(Robinson and Owen, 1977). Direct evidence for the clonal elimination of MHC 

class II-restricted self-antigen reactive cells comes from studies on mice expressing 

the product of the VB17a allele as part of their aBTcR molecules (Kappler et al, 

1987). T cells expressing the VBl7a as part of their receptor were found to react 

with high frequency to I-E MHC class II molecules. Consequently T cells expressing 

VB17a were found to be eliminated from I-E+ mice during maturation in the thymus 

(Kappler et al, 1987; Fowlkes et al 1988). This was a clear demonstration of negative 

selection operating by clonal elimination. Other VB gene products have now been 

identified with similar effects on the generation of the T cell repertoire (Kappler et 

al, 1988; MacDonald et al, 1988a,b).

It is apparent now that the reactivity of many VB gene products towards MHC 

class II antigens is mediated by superantigen molecules (Marrack et al, 1991; Frankel 

et al, 1991; Woodland et al, 1991; Dyson et al, 1991), and it is likely that this is also 

true for VB17a. Superantigens are not thought to bind MHC molecules in the same 

way as conventional antigens, hence their ability to interact with any TcR which 

contains the appropriate VB gene product, irrespective of the aBTcR specificity. 

Questions therefore arise about the relevance of the clonal elimination pathway, 

described in these studies, for induction of tolerance to more conventional antigens.

Evidence for deletion of MHC class I-restricted T cells, specific for self

antigens, comes from the aBTcR transgenic model outlined previously (von Boehmer 

et al, 1989). In male H-2Db mice, expressing the H-Y antigen, most transgenic TcR 

expressing T  cells were eliminated in the thymus (Kisielow et al, 1988). Transgenic 

TcR T cells were found in the periphery of the mice, but these cells were CD8' or 

expressed very low levels of CD8 on their cell surface (Teh et al, 1989). Deletion was
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proposed to occur at the double positive stage of thymocyte differentiation, 

underlying the importance of the accessory molecules in this process. It is uncertain 

how closely this study parallels selection in non-transgenic animals due to the 

relatively high levels of transgenic TcR expressed early in the development of 

thymocytes. The possibility exists therefore of high affinity or high avidity 

interactions between the TcR and MHC class I antigens at an inappropriate stage of 

differentiation.

Many theories have been proposed to explain the mechanism of intrathymic 

differentiation. Although some maintain that thymocytes are not positively selected 

by MHC antigens but only undergo a tolerisation step (Goverman et al, 1986), most 

incorporate positive selection as a necessary driving force for T cell maturation. The 

paradox that these theories have to contend with is twofold. First, how are T cells 

selected for recognition of foreign antigen in the context of self-MHC molecules by 

interactions with self-antigens in context of self-MHC molecules in the thymus. 

Second, if T cells are selected by self-antigen, in context of self-MHC molecules in 

the thymus, then how are autoreactive T cells tolerised without loss of all the 

positively selected cells.

The "affinity hypothesis" as outlined by Sprent and Webb (1987) assumes that 

T cells capable of interacting with self-MHC molecules and nominal antigens have 

at least some affinity for the MHC molecules alone. Hence thymocytes with high or 

low affinities for self-MHC antigens, expressed in the thymic cortex, will be positively 

selected to expand or escape cell death. Thymocytes would then pass onto negative 

selection in the corticomedullary region. Here, thymocytes with high affinities for 

self-MHC antigens will be deleted, while those with low-to-intermediate affinity will
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pass through into the periphery. It is envisaged that these cells would have high 

affinity for a given foreign antigen in context of self-MHC molecules.

Singer et al (1986) proposed that the interactions during positive and negative 

selection occur between the TcR of thymocytes and self-MHC plus self-nominal 

antigen. Thus thymocytes with low affinity for self-nominal antigens in context of 

self-MHC molecules pass through both selection stages, while those with high affinity 

(autoreactive cells) are deleted during negative selection. This mechanism would 

allow both selective events to occur simultaneously and is consistent with the findings 

that antigenic peptides bind MHC molecules (Buus et al, 1987; Bjorkman et al, 

1987a,b).

Another variant of the affinity model (Nikolic-Zugic, 1991) proposes that the 

density of self-antigen, in context of self-MHC, required for positive selection is less 

than that necessary for tolerisation or peripheral T cell activation. Positive selection 

is thus mediated by self-antigens in context of cortically expressed MHC molecules. 

Only those self-antigens present at high levels, presumably the endogenously 

produced ones, would delete reactive thymocytes. Autoreactive clones would exist 

in the periphery without reacting with self-determinants, because under physiological 

conditions these determinants would never be present at high enough concentrations 

on the cell surface to cause T cell activation.

As an alternative to affinity models, Marrack et al (1988) propose that positive 

selection is mediated by self-MHC molecules in combination with unique thymic 

cortical epithelial peptides not expressed in other parts of the thymus or in the 

periphery of the animal. This hypothesis is based on the proposition that thymic 

epithelial MHC molecules are different to MHC molecules expressed elsewhere in
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the animal. Bone marrow-derived cells, with MHC-peptide combinations similar to 

those found in the periphery, would then mediate negative selection. Negative 

selection would only affect cells reactive with these, more common MHC-peptide 

combinations, a small proportion of the positively selected repertoire.

Guidos et al (1990) have suggested that T cell differentiation occurs as a result 

of the developmentally programmed responses of thymocytes to TcR-mediated 

signals. They propose that engagement of the TcR on CD4+CD8+ thymocytes with 

low levels of TcR on their cell surface, results in a positive signal. TcR engagement 

on positively selected thymocytes, with increased levels of TcR expression, results in 

negative selection of the cells. They also propose that not all positively selected cells 

are deleted by negative selection, because an increase in response threshold occurs 

as the thymocytes progress from expressing low to intermediate levels of TcR.

A possible mechanism where ligation of the TcR on the same cell can have 

different consequences is outlined by Finkel et al (1991). Here the antigen receptor 

is thought to consist of pairs of aBTcR molecules associated through oligomeric CD3 

subunit chains. Interactions between the TcR complex lead to two distinct activation 

pathways resulting alternately in [Ca2+]j mobilisation and activation of protein kinase 

C (PKC). In mature T cells this leads to T cell activation. The importance of the 

C subunit of the CD3 complex in aBTcR signal transduction (Sussman et al, 1988) 

and the increase in its expression during T cell differentiation (Finkel et al, 1991), has 

led to the suggestion that the aBTcR is uncoupled from the CD3 chain in an 

immature thymocyte subpopulation. Ligation of the TcR in this subpopulation does 

not result in [Ca2+]j mobilisation, but only to signals leading to the positive selection 

of the cell. Later, as expression of the C polypeptide increases, the aBTcR becomes
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coupled to the CD3 complex and ligation of the TcR, as in mature T cells, does 

result in [Ca2+]j mobilisation. Any thymocytes interacting with MHC molecules at 

this stage will be deleted, suggested by the finding that increases in [Ca2+]£ in 

immature, but not mature, T cells cause cell death or apoptosis (Smith et al, 1989).

Hence, T cell differentiation may be driven by differential affinities of TcR- 

MHC interactions, unique MHC-peptide combinations or developmental 

programming. Whichever model of T cell differentiation becomes accepted, and 

whatever its mechanism, the importance of the CD4 and CD8 molecules in the 

process is unquestionable. Study of the functions of these molecules, and associated 

signalling events, both in the mature and immature T cell populations will shed more 

light on the generation of the T cell repertoire and its role in the immune system.

1.4 General aims

The following study aimed at further elucidating the role of the murine CD8 

molecule in the function and development of T lymphocytes. Two approaches were 

used. First, an attempt was made to set up a system of down-regulating the 

expression of CD8, that would work both in vitro and in vivo and would allow 

evaluation of the contribution of this molecule to T cell development in the mouse. 

Second, a strategy of site-directed mutagenesis was employed to address the role of 

CD8 phosphorylation during T cell activation.
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Chapter 2. Materials and Methods

2.1 Media

Growth medium, components and mice were obtained from the ICRF cell 

production unit, Clare Hall laboratories. The basic media used in tissue culture was 

RPMI 1640. Supplements were added to this media to produce: 

complete medium: RPMI 1640

10% v/v heat inactivated foetal calf serum (HI FCS),

5x10'5M 2-mercaptoethanol (2-me),

4mM L-glutamine 

standard medium: complete medium with 8% v/v HI FCS

enriched medium: complete medium with 10% v/v CAS (see below)

In some cases Iscove’s modified Dulbecco’s medium (IMDM, Gibco) was used in the 

culture of specific cell lines, with the addition of the following supplements:

25 mM N,-2-hydroxyethylpiperazine-N’-2-ethanesulphonic acid (Hepes), 

4mM L-glutamine,

36mM N aH C03,

penicillin (100 u/ml)/streptomycin (100/xg/ml) (Gibco),

5x10'5M 2-me,

5/xg/ml transferrin,

10% v/v HI FCS

Foetal calf serum was heat inactivated at 560 C for 30 minutes. M EM +H media was 

routinely used to wash cells.
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Preparation o f interleukin-2 (IL-2) containing supernatants:

Rat Con A supernatant (CAS) was prepared from the spleens of between 10 

and 20 rats. Spleens were minced in MEM + H and centrifuged (centrifugation of 

eukaryotic cells was performed at 240g, for 10 minutes at room temperature). Spleen 

cells were resuspended at 5xl06 cells/ml in complete medium with the addition of 

4/ug/ml Concanavalin A (Con A). The culture was grown for 24 hours at 37 ° C, after 

which methyl-a-D-mannopyranoside (a-mM) was added, to a final concentration of 

50pM, and the culture incubated for a further 5 minutes. The cells were centrifuged 

and the supernatant collected, filtered (through a 0.22pm filter) and stored at -20 ° C. 

Activity of the CAS was tested against a previous batch using the IL-2 dependent 

CTLL cell line (Baker et al, 1979) in an MTT cleavage assay (Mossman, 1983).

MLA (Kawakami et al, 1972) hybridoma supernatant was made by the culture 

of MLA cells in IMDM. Cells were centrifuged, the supernatant harvested, filtered 

(through a 0.22pm filter) and stored at -20 ° C. Activity of the MLA supernatant was 

measured as for the CAS.

2.2 Cell culture

All cell culture was carried out in an incubator at 37° C, 5% C 0 2 and 100% 

humidity. Tissue culture plastics were obtained from Falcon. All cells were 

maintained in exponential growth by diluting the cells 1/10 into fresh medium every 

3-4 days.

IL-2 dependent cell lines:

The C6 CTL clone (Tomonari, 1985) was maintained in enriched medium and
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restimulated every 7-10 days with irradiated (3500 rads) CBA male spleen cells 

(25xl06 spleen cells/2xl04 C6 cells), while C6.1 was maintained in enriched medium 

without restimulation. Other CTL lines and clones were also cultured in enriched 

medium and restimulated every 7-10 days with the appropriate irradiated spleen cells 

(25xl06 spleen ce lls^x lO 6 CTL). The IL2-dependent cell line, CTLL, was grown in 

complete medium with the addition of either 5 units/ml human recombinant IL-2 (r- 

IL-2, Cetus) or 10% MLA supernatant.

Trcmsfectants:

VL3.1 (McGrath and Weissman, 1979) and C6.1 transfectants were grown in 

complete or enriched medium, respectively, with the addition of 250/xg/ml G418 

(Gibco). Hybridomas and transfected L cells were grown in standard medium with 

selecting antibiotics. DC27.10 (Gabert et al, 1987) cells were selected with GPT 

(2jLtg/ml mycophenolic acid, 250jig/ml xanthine and 15/ig/ml hypoxanthine) and 

CD8+ L cells with HAT (13.6Mg/ml hypoxanthine, 3.9/xg/ml thymidine and 72ng/ml 

aminopterin), the resulting medium being buffered by the addition of lOmM Hepes 

in both cases. Supertransfectants of both cell lines, were grown with the addition of 

250Mg/ml G418. H-2Kb-transfected L cells (Samberg et al, 1989) were grown in 

standard medium also with 250/xg/ml G418. L cells were harvested by incubation 

with trypsin for 10 minutes, at 4 ° C.

2.3 Cell storage

Cells were frozen by resuspending l-3xl06 cells in 1ml freezing mix (90% v/v 

HI FCS and 10% v/v dimethyl sulphoxide [DMSO]) and leaving them at -70 °C for
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24 hours, before transfer to liquid nitrogen. C6.1 and CTLL cells were frozen in 

freezing mix plus 10% v/v CAS or 5 units/ml r-IL-2 respectively. Cells were brought 

up from freeze by thawing and washing 3x in MEM+H.

2.4 Production of alloreactive CTL lines and clones

Mixed lymhocyte cultures (MLC) were made by incubating 25xl06 responder 

spleen cells with 25x106 irradiated (3500 rads) stimulator spleen cells in 10ml of 

enriched medium. The culture was restimulated after 7-10 days with 25x106 

irradiated spleen cells to produce the alloreactive CTL lines. These lines were 

cloned after 5 restimulations. Cells were plated out at 100 cells, 30 cells and 10 

cells/well with lxlO6 irradiated spleen cells in 0.2ml of enriched medium, in 96 well 

flat bottomed tissue culture plates. After 11 days clones were harvested from plates 

giving 37% or fewer positive wells, and restimulated with irradiated spleen cells 

(lxlO ^xlO 4 clones/SxlO3 spleen cells in 2ml enriched medium) in 24 well flat 

bottomed tissue culture plates.

2.5 CTL assay

Preparation o f target cells:

Targets were set up 3 days in advance of the assay. 25x106 spleen cells were 

incubated with 4/xg/ml Con A in 10ml of enriched medium. On the day of the assay 

amM was added to a final concentration of 50pM and the Con A blasts were 

incubated for 5 minutes at 370 C. The clumps were broken up gently with a pasteur
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pipette. The targets were then spun down gently and resuspended in 100/d of 

M EM +H with 10% v/v HI FCS. 40/d 51Cr (5mCi/ml, Amersham International) was 

added to the targets and they were incubated at 37 ° C for 1-2 hours. The cells were 

then gently washed 2x with warm MEM+H and resuspended at 1x10s cells/ml in 

complete medium.

Preparation o f effector cells:

CTL lines or clones (effectors) were harvested 3 days after restimulation and 

washed once in MEM+H. The cells were resuspended at the appropriate 

concentration. 100/d of each cell type was plated out in triplicate onto a 96 well, 

round bottomed tissue culture plate, and serially diluted in three-fold increments. 

Assay:

100/d of target cells were added to each well, and also to 6 wells containing 

100/d complete media, and 3 wells containing 100/d complete media plus 10% v/v 

Triton X I00. These wells were used to calculate the amount of spontaneous lysis 

(min) and the maximum release (max) of 51Cr, respectively. The plates were then 

spun gently for 1 minute and placed in an incubator at 37 ° C for 4 hours. 100/d of 

supernatant was harvested from each well and counted in a y-counter.

The % cytotoxicity was calculated from the following equation:

% cytotoxicity = 100 x ([experimental - min] cpm)/([max - min] cpm)

2.6 Proliferation assays

Preparation o f responder cells:

Responder cells were harvested, washed and resuspended at lxlO5 cells/ml in
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complete medium. 100/xl of responder cells was plated out in triplicate onto a 96 

well, flat bottomed tissue culture plate, and three-fold serial dilutions were made in 

complete medium.

Assay:

Various combinations of CAS, irradiated spleen cells (3500rads, 5x10s 

cells/well) and the anti-CD8a mAb YTS 169.4 (at 100/xg/ml), were then added to the 

wells, in a total volume of lOOjul complete medium. Plates were incubated at 370 C 

for 3 days.

Proliferation of responder cells was measured by incorporation of 3H- 

thymidine (3HT, Amersham International) or by the 3-(4,5-Dimethylthiazol-2-yl)-2,5- 

diphenyltetraxolium bromide (MTT, Sigma) cleavage assay. 3HT incorporation was 

measured by adding 1/xCi 3HT/well and incubating the plate at 376 C overnight and 

then freezing it. Supernatants were harvested onto filters using a cell harvester. The 

filters were dried and counted in scintillant, on a 6-counter.

M i l cleavage was measured by discarding 100/xl of supernatant from the wells 

and adding 20/xl of 5mg/ml MTT (in PBS) to each well. Plates were incubated for 

4 hours at 37 ° C. 100/xl of 10% w/v sodium dodecyl sulphate (SDS)/0.01M HC1 was 

added to each well and the plates were incubated overnight at 37 ° C. The optical 

density (O.D.), at 570nm-630nm, of each well was calculated using the Vmax kinetic 

microplate reader.
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2.7 IL-2 assay

Preparation o f stimulator cells and mAb:

H-2Kb-transfected L cells were harvested and resuspended in complete 

medium at the appropriate cell numbers. 100/xl was plated in the top row of a 96 

well, flat bottomed tissue culture plate, and the cells were serially diluted in three 

fold increments. 25/xl of the mAb Desire-1 (Hua et al, 1985), in PBS A pH7, was 

added to the top row of a separate 96 well plate. Five 3-fold serial dilutions were 

made and the antibody was left to adhere to the plastic for 1 hour at room 

temperature. After this time soluble antibody was removed by aspiration and 100/xl 

of complete medium was added to each of the wells. A row of media alone was also 

prepared, in order to determine background IL-2 production by the T cell 

hybridomas.

Assay:

Responding DC27.10 transfectants were harvested, washed 3 times in 

M EM +H and resuspended at lxlO6 cells/ml. lOO/xl of each responder cell type was 

plated out onto the prepared plates, and incubated at 37 ° C for 24 hours. After this 

time 180/il of supernatant was taken from each well, transferred to new plates and 

frozen.

Hybridoma supernatants were thawed at 37 °C and titrated on fresh plates. 

45/xl of each supernatant was transferred and two-fold serial dilutions were made, in 

complete medium, so that each supernatant gave an 8 point titration. Complete 

media alone was added to a single well in each plate, to act as a plate blank well to 

zero the machine.
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One day prior to the supernatant titration, a CTLL culture (routinely grown 

in r-IL-2) was washed and resuspended at 1x10s cells/ml in complete medium with 

10% v/v MLA supernatant. On the day of the assay CTLL were harvested, washed 

3 times and resuspended at 2.2x10s cells/ml, in complete medium. 45/xl of CTLL was 

added to each well of the plates containing hybridoma supernatants (lxlO4 

CTLLs/well). Plates were incubated at 37 °C for 24 hours, after which 20/xl of 

5mg/ml M i l (in PBSA) was added to each well.

Plates were treated and read in the same way as in the MTT proliferation 

assay (section 2.6). For each concentration of antibody or stimulatory L cell, the 

reciprocal of the dilution of supernatant giving a half-maximal response was used to 

define the units of IL-2 produced. In some cases units of IL-2 produced were 

calculated from a r-IL-2 standard curve.

2.8 Flow cytometry

Cells were harvested, washed once and counted. A maximum of lxlO6 

cells/sample were centrifuged in sample tubes, at 4°C, and resuspended in 100/il of 

the appropriate antibody (100/xg/ml in cold PBSA) or PBSA alone, as a negative 

control. Samples were incubated on ice for 1 hour, and washed with 2ml of cold 

PBSA/sample. After washing samples were resuspended in lOO/td of the appropriate 

second layer antibody (at a dilution which was independently determined, usually 

1:100 with cold PBSA), and incubated for 30 minutes on ice. After the incubation 

2/xl of propidium iodide (2mg/ml in PBSA) was added to each sample and these 

were left on ice for a further 5 minutes before the second wash with cold PBSA.
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Samples were resuspended in 400/xl of cold PBSA/0.5% w/v bovine serum 

albumin/0.05% w/v sodium azide (filtered through a 0.22/xm filter and stored at 4 ° C) 

and analysed on a FACScan machine using a 488nm lazer (Becton Dickinson).

When using directly-conjugated FITC antibodies, the propidium iodide was 

added before the first wash and the samples analysed after this wash. These mAbs 

were used at a 1/100 dilution.

Antibodies routinely used were the anti-CD8a mAb YTS 169.4 (Cobbold et al, 

1984), the anti-CD4 mAb GK1.5 (Dialynas et al, 1983b), the anti-Thyl mAb 

YTS 154.7 (Cobbold et al, 1983), the anti-IL-2 receptor mAb 7D4 (Ortega et al, 1984) 

and the anti-CD3 mAb 145-2C11 (Leo et al, 1987). Second layer antibodies were 

either fluorescein conjugated affinipure Goat anti-Rat IgG or Goat anti-mouse IgG 

(Jackson Immunoresearch laboratories) or Phycoprobe PE-Avidin (Biogenesis), used 

at a 1/100 dilution.

2.9 Transfection bv calcium phosphate precipitation

L cells were routinely transfected by calcium phosphate precipitation (Wigler 

et al, 1979). 2xl06 CD8+ L cells were seeded into a 75cm2 tissue culture flask and 

grown in standard medium with HAT selection, at 37 ° C overnight. On the day of 

transfection a DNA solution was made up in a 15ml tissue culture tube, comprising 

of 300/xl of DNA (10/xg of vector to be transfected and 20/xg of sonicated salmon 

sperm DNA) and 200^1 of buffer 2. 500/xl of buffer 1 was added slowly, while 

shaking this solution, and the tube was left standing for 30 minutes at room 

temperature.
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The L cell monolayer was then treated as follows:

1. medium was removed and the DNA mixture added

2. flasks were incubated at room temperature for 5 minutes

3. 5ml of standard media was added

4. flasks were incubated for 4 hours at 370 C

5. 1ml of DMSO mixture (56% DMSO/44% standard media) was added

6. flasks were incubated for 25 minutes at 37 ° C

7. medium removed and replaced by 15ml of fresh standard medium

After incubation at 370 C overnight the medium was once again removed and 

selection medium added (standard medium, with HAT selection, plus 300/xg/ml 

G418). The medium was changed every 48 hours until all cells appeared to be dead 

(3-4 medium changes) and the flasks were incubated until the appearance of colonies. 

Colonies were harvested and either grown as bulk trasfections or subcloned in 96 

well, tissue culture plates.

Buffer 1 274mM NaCl,

lOmM KC1,

1.4mM Na2H P 04,

12mM glucose,

42mM Hepes, 

buffer was made to pH7.1 

Buffer 2 625mM CaCl2, pH7.1
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2.10 Transfection by protoplast fusion

DC27.10 hybridomas were transfected by protoplast fusion. Protoplasts were 

made according to Sandri-Goldin et al (1981). Bacteria containing vector DNA were 

grown up in 50ml of liquid broth, with 50/ig/ml ampicillin, at 37° C in a shaking 

incubator. When the O.D.590nm reached 0.6-0.8, chloramphenicol (Sigma) was added 

to a final concentration of 125/xg/ml and cultures were grown for a further 12-16 

hours in the shaking incubator, at 37 °C. 25ml of the bacterial culture was 

centrifuged at 800g for 10 minutes, at 4°C, the supernatant discarded and the 

following procedure followed:

1. the pellet was resuspended in 1.25ml of cold sucrose/tris solution (20% sucrose,

0.05M Tris-Cl pH8)

2. 0.25ml lysozyme (5mg/ml lysozyme in 0.25M Tris-Cl pH8) was added

3. the suspension was incubated for 5 minutes on ice

4. 0.5ml 0.25M EDTA pH8 was added

5. bacteria were incubated for 5 minutes on ice

6. 0.5ml 0.05M Tris-Cl pH8 was added

7. bacteria were incubated at 37 °C for 10 minutes

8. 10ml of warm RPMI/sucrose (RPMI 1640 medium, 10% w/v sucrose and lOmM 

MgCl2) was added

9. the mixture was left at room temperature for 10 minutes

Protoplast formation was examined by microscopically assessing the proportion 

of bacterial cells which changed morphology from rod to rounded shapes.

Cells to be transfected were harvested, washed and resuspended in MEM + H
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to a density of 5xl06 cells/3ml. 5ml of protoplast solution was added to these cells 

and the mixture centrifuged, at 800g for 5 minutes, at 4 ° C. The supernatant was 

discarded and the pellet resuspended in 1ml of warm polyethylene glycol (PEG) 

solution (45% PEG 1500 [BDH] in RPMI 1640 medium, pH8) over 1 minute. 9ml 

of warm RPMI 1640 medium (37 ° C) was added over 2 minutes and the hybridomas 

centrifuged. The supernatant was discarded and the pellet resuspended in 50ml of 

standard medium with GPT selection and 50/xg/ml Gentamycin (Gibco).

Cells were plated out onto 24 well tissue culture plates at lml/well and 

incubated at 37 °C for 48 hours. Medium was removed by aspiration, and lml/well 

of standard medium with GPT selection and 450/xg/ml G418 was added. Medium 

was changed every 48 hours until the cells died (4-5 changes of medium). Plates 

were incubated at 37 ° C until colonies appeared.

2.11 Transfection by electroporation

VL3.1 thymomas and C6.1 CTL were transfected by electroporation using the 

Gene Pulser (Bio-Rad). This method of transfection was first described by Neumann 

et al (1982). 20/xg of CsCl banded, linearised vector DNA (linearised by digestion 

overnight with 40 units of Seal, at 370 C) was mixed with 500/xg of sonicated salmon 

sperm DNA, and ethanol precipitated. The DNA pellet was washed with 70% 

ethanol, dried in a vacuum desiccator and resuspended in 50/d dH20 . Once 

resuspended 750/d of PBSA was added to the DNA.

5xl06 cells were harvested and centrifuged. Supernatant was discarded and 

the pellet resuspended in the DNA solution. The cells were transferred to an
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electroporation cuvette (Bio-Rad) and left on ice for 10 minutes. The cuvette was 

then placed in the electroporation aparatus and the appropriate charge delivered 

(25mF, 900V for C6.1 and 25mF, 550V for VL3.1: the exact settings were determined 

for each cell type in advance by transfection at various settings). The cuvette was 

placed on ice for a further 10 minutes and the cells diluted into 50ml of complete (if 

VL3.1) or enriched (if C6.1) medium. Cells were plated onto 24 well tissue culture 

plates (at lml/well) and incubated at 37 °C for 48 hours. Medium was removed and 

replaced by medium containing 500/xg/ml (if VL3.1) or 350/ig/ml (if C6.1) G418. 

Medium was changed every 48 hours until the cells died (4 medium changes). Plates 

were incubated at 37 ° C until colonies appeared.

2.12 Growth and maintenance of bacterial cultures

Bacteria were grown either in liquid broth or on LB-agar petri-dishes. Liquid 

broth cultures were grown shaking at 37 °C, while bacteria on plates were grown 

inverted at 37 °C. Where bacterial cells contained plasmid DNA, ampicillin was 

added at 50/Lig/ml. Liquid broth cultures were prepared by the inoculation of liquid 

broth with a single bacterial colony, taken from an LB-agar bacterial culture. 

Liquid broth 5g NaCl,

5g yeast extract, 

lOg tryptone,

5ml IN NaOH in 1 litre of dH20  

LB-agar 15g agar/1 litre liquid broth
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Genotypes of the E.coli bacterial strains routinely used are shown below:

HB101 hsd S20 (rB*,mB), supE44, aral4, A,-, galK2, lacYl, proA2,

rspL20, xyl-5, mtl-1, recA13 

TGI K12, tf(lac-pro), supE, thi, hsdD 5/F’traD36, proA +B +,

laclq, lacZA.M15

2.13 Transformation of bacteria with plasmid DNA

Preparation o f competent cells:

100ml of liquid broth was inoculated with 1ml of a liquid broth bacterial 

culture and incubated, shaking, at 37 °C. The O.D.590nm of the culture was 

determined, at various time points, until it reached 0.5-0.6. Cells were centrifuged 

at 1880g for 20 minutes, at 4 ° C (standard settings for the centrifugation of large 

bacterial cultures), and the pellet was resuspended in 20ml solution 1 and incubated 

on ice for 30 minutes. The bacteria were centrifuged at 535g for 10 minutes, at 4 0 C, 

and resuspended in 4ml solution 2. After incubation on ice for 20 hours, 200/ri 

aliquots were prepared and stored at -70 ° C.

Transformation:

A sample of competent cells was thawed on ice and 100/xl added to 50ng of 

plasmid DNA. The mixture was incubated on ice for 10 minutes, followed by 5 

minutes at 37 ° C. 1ml liquid broth was added and the culture incubated at 370 C for 

a further 1 hour. 200/xl of the culture was plated out onto an LB-agar plate 

containing 50/ig/ml ampicillin. Plates were incubated at 37 °C overnight.
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Solution 1 30mM KOAc,

50mM MnCl2, 

lOOmM KC1, 

lOmM CaCl2,

15% w/v glycerol

Solution 2 lOmM 3-morpholineopropanesulphonic acid (MOPS) pH7,

75mM CaCl2, 

lOmM KC1,

15% w/v glycerol

2.14 Small-scale isolation of plasmid DNA

Mini-prep protocol A:

lml of a bacterial culture was transferred to a 1.5ml eppendorf tube,

centrifuged (standard centrifugation of bacterial cultures in eppendorf tubes was

performed at 12000rpm in a microcentrifuge, for 1 minute) and the following

procedure followed:

1. supernatant was removed and the pellet resuspended in 100/d solution 1

2. the tubes were incubated on ice for 10 minutes

3. 200/d solution 2 was added

4. the tube was gently inverted and incubated on ice for 5 minutes

5. 150/d 3M NaOAc pH4.8 was added

6. the tube was vortexed, and incubated on ice for a further 5 minutes

7. the tube was centrifuged for 5 minutes
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8. 400/lxI of supernatant was collected and extracted once with tris-equilibrated 

phenol (Sigma) and once with ether.

DNA was precipitated by adding 1ml ice-cold ethanol and incubating the tube 

at -200 C for 1 hour. The tube was centrifuged in a microcentrifuge at 12000 rpm for 

10 minutes (this was standard centrifugation for DNA or RNA samples in eppendorf 

tubes), the pellet washed with 70% ethanol and dried in a vacuum desiccator. DNA 

was resuspended in 100/xl TE (lOmM Tris-Cl pH8 and ImM EDTA) and stored at 

4°C.

Solution 1 50mM glucose,

25mM Tris-Cl pH8, 

lOmM EDTA pH8,

2.5mg/ml lysozyme 

Solution 2 0.2N NaOH,

1% w/v SDS

Phenol (BRL) was Tris-equilibrated by the addition of 50ml 1M Tris-Cl pH8 to lOOg 

of phenol crystals. After 3 hours at 370 C, 5ml m-cresol, 0.2ml 2-me and lOOmg 8- 

hydroxyquinoline were added. The mixture was shaken and left at room temperarure 

overnight, before use. Tris-equilibrated phenol was stored at room temperature for 

up to 2 months.

Mini-prep protocol B:

A bacterial pellet was obtained as in protocol A. A further 1ml bacterial 

culture was added to the pellet and the tube centrifuged. Supernatant was discarded 

and the pellet resuspended in 200/il STET-lysosyme. The tube was placed in boiling 

water for 45 seconds and centrifuged for 15 minutes. 150/il of isopropanol was added
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to 150^1 of supernatant and the tube placed at -70 ° C for 20 minutes. The tube was 

centrifuged at 12000 rpm for 5 minutes, the pellet washed with 70% ethanol and 

dried in a vacuum desiccator. DNA was resuspended in 100/xl TE and stored at 4 ° C. 

STET-lysozyme 50mM glucose,

5% w/v Triton X100,

50mM Tris-Cl pH8,

8% w/v sucrose,

2mg/ml lysozyme

2.15 Large-scale plasmid isolation

A 200ml bacterial culture was grown overnight. The culture was centrifuged 

and the following steps were performed:

1. the pellet was resuspended in 18ml STE buffer and centrifuged at 2000g for 10 

minutes, at 4 ° C, in a 50ml Falcon tube

2. the pellet was resuspended in 3.2ml solution 1

3. the solution was incubated at room temperature for 5 minutes

4. 4ml solution 2 was added and the solution mixed gently

5. the tube incubated on ice for 10 minutes

6. 4.8ml solution 3 was added and the solution mixed

7. the solution was incubated for 10 minutes on ice

8. the solution was transferred to a 50ml centrifuge tube (Beckman Instruments) and 

centrifuged at 13800g for 20 minutes, at room temperature

9. the supernatant was transferred to a universal tube and 7ml isopropanol added



52

10. the solution was mixed and centrifuged at 2650g for 20 minutes, at room 

temperature.

11. the pellet was washed with 70% ethanol, air dried, and resuspended in 2ml TE

12. 2.2g CsCl was added together with 50/xl 5mg/ml ethidium bromide

13. the solution was split between two 1.5ml eppendorf tubes and centrifuged at 

12000 rpm in a microcentrifuge for 3 minutes

14. supernatants were pooled and placed in a 3ml quick-seal tube (Beckman 

Instruments)

15. CsCl solution (0.742g/ml in TE) was used to fill the tube to the neck

16. the tube was sealed and centrifuged at 80000 rpm in a TI^lOO ultracentrifuge 

(Beckman Instruments) for 18 hours, at 20 °C.

Plasmid DNA was seen as an orange band, l-2cm from the bottom of the 

tube, and was recovered using a syringe and needle. The DNA was dialysed against 

TE for 24 hours at 4 ° C, with several changes of TE, transferred to a 1.5ml eppendorf 

tube and precipitated as mini-prep DNA, with the addition of 250mM NaCl. 

Precipitation was repeated until ethidium bromide was removed, and the DNA was 

resuspended 100/xl TE. Optical density at 260nm was read using a spectrophotometer 

and the concentration of the DNA calculated (1 O.D. unit = 50/ig/ml). DNA was 

stored as 0.5/ig/ml stocks at 4 ° C. 

solution 1,2 as in mini-prep protocol A

STE buffer lOmM Tris-Cl pH7.5,

ImM EDTA,

0.1M NaCl
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solution 3 3M KOAc,

2M glacial acetic acid

2.16 Restriction endonuclease digestion

Restriction endonuclease digestion was performed on DNA obtained by either 

the large-scale or the mini-prep methods, using restriction endonucleases purchased 

from Pharmacia LKB Biotechnology. Unless otherwise stated digestion was carried 

out in a total volume of 25/ri, with a total of 1 unit restriction endonuclease and 1.5/xl 

RNAse (for mini-prep DNA), in a restriction endonuclease digestion (RE) buffer. 

Digestion was carried out for 1 hour at 370 C, and where necessary the endonuclease 

was inactivated by incubation at 65 ° C for 5 minutes. 

lGx RE buffer lOOmM Tris-Cl pH7.5,

lOOmM MgCl2,

lmg/ml bovine serum albumin (BSA),

0-1.5M NaCl (depending on the enzyme used)

2.17 DNA electrophoresis and fragment isolation

Electrophoresis of DNA was performed on standard horizontal electrophoresis 

apparatus. 2.5/xl of DNA loading buffer was added to the DNA sample, and the 

sample was then loaded on an agarose gel (1.2% agarose in lx TAE buffer, 

containing O.lMg/ml ethidium bromide). Electrophoresis was carried out in lx TAE, 

at 80V for 2-3 hours. DNA was visualised with ultra-violet light, and photographed.
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Where DNA fragment isolation was required the DNA was visualised with long 

wavelength ultra violet light. The appropriate band was cut out of the gel and the 

DNA eluted from the agarose with TE, using the Geneclean kit (BIO 101 inc.). 

Molecular weights of DNA bands were estimated by the relative electrophoretic 

mobility of the lkb DNA ladder (BRL) alongside the DNA, and DNA concentrations 

on the gel were estimated using the lamda DNA/Hindlll fragments (BRL).

2.18 DNA manipulation and ligation

DNA fragments were ligated in a total volume of 10/d, with 1 unit of T4 DNA 

ligase, in lx DNA ligase buffer. Samples were incubated at 16 ° C for 18-20 hours. 

Where appropriate, vector DNA was treated with alkaline phosphatase in lx DNA 

phosphatase buffer, prior to ligation with isolated DNA fragments. Phosphatase 

treatment was carried out for 1 hour, at 37 ° C, and the enzyme was inactivated by the 

addition of 5/d 10% w/v SDS and 5/d 5M NaCl.

.Where necessary DNA fragments with staggered ends, produced by restriction 

endonuclease digestion, were blunt ended. The reaction was carried out in a total 

volume of 20/d, with 2.5 units DNA polymerase I Klenow fragment, in lx blunt- 

ending buffer at 12 ° C for 15 minutes. The enzyme was inactivated by incubation at 

65 ° C for 5 minutes, and the DNA was then extracted once with Tris-equilibrated 

phenol, once with ether and then precipitated with 250mM NaCl and 2 volumes 

ethanol. DNA was resuspended in TE. 

lOx ligase buffer 500mM Tris-Cl pH7.6,

lOOmM MgCl2,
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lOmM dithiothreitol (DTT),

25% w/v PEG (6000), 

lOmM ATP 

lQx phosphatase buffer lOmM ZnCl2,

lOmM MgCl2, 

lOOmM Tris-Cl pH8.3 

lQx blunt-ending buffer 50mM MgCl2,

1M dNTPs (dATP, dGTP, dTTP, dCTP) in TE pH8

2.19 M13 transformation and isolation of single stranded DNA

TGI competent cells were made as described above, except the cells were 

grown in 2x TY (1.6% w/v tryptone, 1% w/v yeast extract and 0.5% w/v NaCl). 

50ng M13 plasmid DNA was added to a 5ml sample tube together with 100/ri 

competent TGI cells, and incubated for 40 minutes on ice. 3ml H-top agar (1% w/v 

tryptone, 0.8% w/v NaCl and 0.8% w/v agar) together with 200^1 of an exponential 

culture of TGI cells, was added to the tube which was inverted several times. The 

mixture was plated out onto an H-plate (1% w/v tryptone, 0.8% w/v NaCl and 1.5% 

w/v agar) and allowed to set for 10 minutes. Plates were incubated at 37 °C, 

overnight.

A plaque was removed from the plate and used to inoculate 1.5ml of 2x TY, 

together with 15/xl of a TGI bacterial culture. The resulting culture was incubated, 

shaking at 37 ° C, for 5-6 hours. 1ml of the culture was collected, placed in a 1.5ml 

eppendorf tube and centrifuged for 5 minutes. The following steps were then
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performed:

1. the supernatant was collected, centrifuged again and added to a tube containing 

200m1 PEG/NaCl (20% w/v PEG 6000 and 14.6% w/v NaCl)

2. the tube was vortexed and left at room temperature for 15 minutes

3. supernatant was carefully discarded

4. the pellet was resuspended in 100/xl TE and extracted twice with chloroform

5. 50/il Tris-equilibrated phenol was added

6. the tube vortexed and left at room temperature for 15 minutes

7. after 3 minutes centrifugation, the aqueous layer was removed and extracted twice 

with chloroform

8. lOfil 3M NaOAc pH6 was added, together with 250/xl ethanol, and the DNA 

precipitated and washed

9. the pellet was then resuspended in 35m1 dH20 .

Single stranded DNA was stored at -20 ° C.

2.20 Site-directed mutagenesis and sequencing

Site-directed mutagenesis was performed on the CD8 cDNA, contained in 

M13, using the Amersham in vitro mutagenesis kit (Amersham International) and 

oligodeoxyribonucleotides obtained from ICRF oligonucleotide synthesis unit, Clare 

Hall laboratories. Mutated single strand DNA was sequenced using the Sequenase 

DNA sequencing kit (United States Biochemical company) and (a-^SJthio-dATP 

(10/xCi/ml, Amersham International). Sequenced samples were electrophoresed on 

a 6% acrylamide sequencing gel, made using Accugel 40 acrylamide (40% [19:1]
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acrylamide : bisacrylamide, National Diagnostics). Electrophoresis was carried out 

in lx TBE at 1600V. Gels were fixed, dried and exposed to RX-100 X-ray film (Fuji 

photo film), at room temperature.

5x TBE 0.45M Tris-Cl,

0.45M boric acid,

0.01M EDTA

2.21 Isolation of eukaryotic genomic DNA (Blin and Stafford, 1976)

3xl06 cells were washed in MEM+H and resuspended in protease buffer in 

15ml phenol-resistant tubes tubes (Sarstedt). The solution was incubated at 370 C 

overnight and extracted twice with an equal volume of Tris-equilibrated 

phenol:chloroform:isoamyl alcohol (25:24:1 v/v) mixture and twice with an equal 

volume of chloroform. DNA was precipitated for 1 hour at -20 ° C with 2 volumes 

ethanol and 250mM NaCl and washed once with 70% ethanol. DNA strands were 

transferred to eppendorf tubes, dried in a vacuum desiccator and resuspended in 

100^1 TE. DNA concentration was calculated as for plasmids. Genomic DNA was 

stored at 4 0 C.

protease buffer lOmM Tris-Cl,

25mm EDTA,

75mM NaCl,

0.5% w/v SDS,

O.lmg/ml Proteinase K protease,

15/xg/ml Ribonuclease I "A” (RNAse)
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20xl06 cells were washed three times in M EM+H in a 50ml falcon tube, and 

liquid nitrogen added directly to the cell pellet, which was stored at -70 °C. 8ml 

guanidine thiocyanate solution was added and the pellet was homogenised. The 

solution was centrifuged at 2000g for 5 minutes, at room temperature. The 

supernatant was layered onto 4ml CsCl solution (5.7M CsCl and 25mM NaOAc pH5) 

in a 15ml centrifuge tube (Kontron), and the tube centrifuged at 32000rpm in an 

ultracentrifuge for 18 hours, at 20 °C. The supernatant was aspirated with a pasteur 

pipette and the tube inverted. The base of the tube, containing the RNA pellet was 

cut off and air dried. RNA was resuspended in 300/il RNAse-free dH20 . RNA was 

precipitated with 300/+1 3M NaOAc pH5 and two volumes of ethanol, and washed 

with 70% ethanol. After a second precipitation the RNA was resuspended in lOOjzl 

RNAse-free dH20  and the O.D. taken. RNA concentration was calculated (1 

O.D.2 6 0nm unit = 40/xg/ml) and stocks stored at -700 C.

guanidine thiocyanate solution 4M guanidine thiocyanate (Fluka Chemie AG),

0.5% w/v sodium N-lauroylsarcosine (Fluka 

Chemie AG),

25mM sodium citrate,

0.1M 2-me

2.23 Isolation of eukaryotic cytoplasmic RNA

2xl06 cells were harvested and washed twice in lysis buffer. Cells were
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resuspended in 150/xl lysis buffer and transferred to an eppendorf tube. 150^1 lysis 

buffer, containing 1% Nonidet P-40 (NP-40, Sigma), was added to the tube, the 

solution was mixed and left on ice for 2 minutes. The tube was centrifuged for 6 

minutes, at 4 0 C, and the supernatant extracted with an equal volume of hot Tris- 

equilibrated phenol (50 °C). After centrifugation for 10 minutes the extraction was 

repeated once and the supernatant was extracted once with serag (chloroform:isoamyl 

alcohol, 24:1 v/v). RNA was precipitated with 0.25M NaCl, 0.01M MgCl2 and 800/xl 

ethanol at -70 ° C for 30 minutes. The eppendorf tube was centrifuged for 30 minutes, 

at 4 ° C. After washing with 70% ethanol and drying in a vacuum desiccator, the 

pellet was resuspended in 20/xl sample buffer and stored at -70 ° C. 

lysis buffer lOmM Tris-Cl pH8,

0.14M NaCl,

3mM MgCl2

sample buffer 40^1 10x MOPS buffer (see 2.25),

70^1 formaldehyde,

200/xl formamide

2.24 Preparation of probe for Southern and Northern blotting

Probes were prepared from double stranded DNA fragments. Fragments were 

isolated by digesting the DNA, electrophoresing on an agarose gel and extracting the 

appropriate band using the Geneclean kit. 62ng of DNA in 8/xl was placed in boiling 

water for 5 minutes and transferred to ice. 11.4/xl LS was added to the DNA, 

together with 2.5 units DNA polymerase I Klenow fragment and 5/xl of (a-32P)-dCTP
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(10/iCi/jul, Amersham International). The mixture was incubated at room 

temperature for 3 hours and the probe isolated from unincorporated nucleotides by 

passing it through a Nick column (Pharmacia LKB Biotechnology).

LS 1M Hepes pH6.6 : DTM : OL in the ratio 25:25:7

DTM IOOmM dATP,

100/iM dCTP,

100/iM dTTP,

250mM Tris-Cl pH8,

22mM MgCl2,

50mM 2-me 

OL ImM Tris-Cl pH7.5,

ImM EDTA,

90 O.D. units/ml hexamers

2.25 Northern blotting

RNA electrophoresis:

RNA electrophoresis was performed on an agarose gel, containing 

formaldehyde (Lehrach et al, 1977; Goldberg, 1980; Seed, 1972). 10/xg total RNA 

was made up to 4.5/d with RNAse-free dH20 , and 15.5p\ RNA sample buffer added. 

When using cytoplasmic RNA preparations, the whole 20^1 sample was used. RNA 

was incubated at 70 °C for 5 minutes and 5p\ loading dye added. Samples were 

loaded onto an formaldehyde agarose gel (1.2% agarose, 18% v/v formaldehyde and 

5 p \5mg/ml ethidium bromide, in lx MOPS buffer) and electrophoresed in lx MOPS
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buffer at 50V. Buffer was recirculated during electrophoresis using a peristaltic 

pump. The gel was then photographed.

Blotting:

Northern blotting was performed by conventional capillary blotting (Alwine 

et al, 1977). After soaking in 2Qx SSC for 1 hour the gel was blotted overnight in lQx 

SSC onto Hybond-N nylon membrane (Amersham International). RNA was bonded 

onto the membrane by 3 minutes exposure to U.V. light. The filter was then sealed 

in a plastic bag together with 10ml hybridisation solution and left, gently shaking, at 

42 ° C for between 2 and 20 hours. Probes were prepared as detailed in section 2.24. 

After the addition of 20/l x 1 lOmg/ml sonicated salmon sperm DNA, the probe was 

boiled for 5 minutes and added to the hybridisation solution to a final concentration 

of 106 cpm/ml. Hybridisation was carried out overnight, in a shaking waterbath, at 

42 ° C. The filter was removed from the plastic bag and incubated in wash 1 (2x SSC 

and 0.05% w/v SDS) for 15 minutes, shaking, at room temperarure. This step was 

repeated and then the filter was placed in wash 2 (O.lx SSC and 0.05% w/v SDS) and 

left shaking for 1 hour at 500 C. The filter was covered in Seran wrap and exposed 

to RX-100 X-ray film at -70 °C. 

loading dye 30% w/v ficoll,

ImM EDTA,

0.25% w/v bromophenol blue,

0.25% w/v xylene cyanole 

lOx MOPS buffer 0.4M MOPS,

0.1M NaOAc,

0.01M EDTA
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20x SSC 3M NaCl,

0.3M tri-sodium citrate 

hybridisation solution 50% w/v formamide,

5x Denhardts,

2% w/v SDS,

3x SSC,

33/ig/ml sonicated salmon sperm DNA,

2/xg poly dA and poly dG oligonucleotides

50x Denhardts lOmg/ml bovine serum albumin,

1% w/v ficoll,

30mM polyvinylpyrrolidine

2.26 Southern blotting (Southern, 1975)

10/xg genomic DNA was digested with the appropriate restriction enzyme, in 

a total volume of 40/xl, for 3 hours, at 37 ° C. 4^1 of DNA loading dye was added, 

and the sample loaded on an agarose gel (0.8% w/v agarose in lx TAE buffer) and 

electrophoresed in lx TAE buffer at 80V. The gel was photographed, as for the 

RNA gel, soaked in denaturation buffer for 1 hour and in neutralisation buffer for 

a further hour. After equilibration in 20x SSC, for 15 minutes, the gel was blotted 

overnight, by conventional capillary blotting, in 20x SSC, onto a Hybond-N nylon. 

DNA was fixed to the membrane and the filter hybridised as in Northern blotting, 

with the exception that poly dA and poly dG oligonucleotides were omitted from the 

hybridisation mix.
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loading dye 30% v/v glycerol,

0.25% w/v bromophenol blue,

0.25% w/v xylene cyanole 

5Ox TAE 2M Tris-Cl,

50mM EDTA,

1M glacial acetic acid 

denaturation buffer 0.5M NaOH,

1.5M NaCl

neutralisation buffer 1M Tris-Cl pH7.5,

1.5M NaCl

2.27 Protein electrophoresis

Protein electrophoresis was performed using conventional vertical 

electrophoresis apparatus (Laemmli, 1970). Protein samples were electrophoresed 

on 0.75mm thick, 10%-12.5% polyacrylamide gels. Gels were made in two stages: 

Lower gel. The lower gel was made with 7.5ml lower gel buffer, 12.5ml Protogel 

(30% w/v acrylamide-0.8% w/v bisacrylamide, National Diagnostics) and 10ml dH20 . 

The mixture was degassed by stirring under vacuum for 5 minutes. 100/il 10% w/v 

ammonium persulphate and 10/xl N,N,N’,N’-tetramethylethylenediamine (Temed, Bio- 

Rad) was added. The gel was poured, overlaid with dH20-saturated butanol and 

allowed to set for 45 minutes. After polymerisation, the top of the gel was washed 

with dH20 .

Upper gel. The upper gel was made with 2.5ml upper gel buffer, 1.5ml Protogel, 6ml
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dH20 , 50/d 10% w/v ammonium persulphate and 10/d Temed. The mixture was 

poured on top of the lower gel and the comb inserted. After 15 minutes of 

polymerisation, the gel-comb was removed, the top of the gel was washed with dH20  

and the gel was placed in the electrophoresis tank.

Protein samples were resuspended in either protein reducing buffer or non- 

reducing buffer, boiled for 5 minutes and loaded onto the gel. Electrophoresis was 

performed in lx glycine buffer at 25mA, for 3-4 hours. After electrophoresis the gel 

was removed and fixed for 30 minutes in a 10% acetic acid-30% methanol mixture. 

After a further 30 minutes in dH20  the gel was dried for 2 hours, at 80 °C, and 

exposed to RX-100 X-ray film at -70 °C. 14C Rainbow protein molecular weight 

markers (12nCi/well, Amersham International) were used to estimate molecular 

weights of electrophoresed proteins, 

lower gel buffer 1.5M Tris-Cl,

0.4% w/v SDS,

made to pH8

upper gel buffer 0.5 M Tris-Cl,

0.4% w/v SDS,

made to pH 6.8

5x glycine buffer 2M glycine,

0.5% w/v SDS,

0.25M Tris-Cl

reducing buffer 0.0625M Tris-Cl pH6.8, 

2% w/v SDS,

10% v/v glycerol,
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5% v/v 2-me,

0.01% w/v bromophenol blue 

non-reducing buffer reducing buffer without 2-me

2.28 Western blotting (Towbin et al, 1979)

Cell lysates were prepared by resuspending lxlO6 cells in protein reducing 

buffer and freeze-thawing the mixture 5-6 times. Lysates were electrophoresed on 

a polyacrylamide gel. The gel was soaked in blot buffer for 15 minutes. Two pieces 

of Whatman (1mm) filter paper and 1 piece of Hybond-N nylon were cut out to the 

same size as the gel. The gel and nylon were sandwiched between the two pieces of 

Whatman paper and placed in the blotting aparatus, such that the gel was closest to 

the cathode. The aparatus was assembled and blotting was performed overnight at 

250mA, in blot buffer.

The nylon membrane was washed twice in PBSA, and then soaked in blocking 

buffer for 1 hour. The filter was washed in PBSA and incubated with the anti-SV40 

LT antigen mAb pAb419 (Harlow et al, 1981) diluted 1/100 in blocking buffer, 

overnight at room temperature. The filter was washed once in PBSA, 0.05% NP-40, 

twice in PBSA alone and incubated with 125I-protein A (100/iCi/ml, Amersham 

International) diluted 1/500 in blocking buffer, for 1 hour at room temperature. 

After air drying, the filter was exposed to RX-100 X-ray film, at -70 °C. 

blot buffer 25mm Tris-Cl,

0.2M glycine,

20% v/v methanol



blocking buffer 2% w/v casein in lx PBSA
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2.29 Iodination

Iodination of cells was performed as described by Ledbetter et al (1981b). 

20xl06 cells were harvested and washed three times in lx PBSA. Cells were 

resuspended in 1ml 5mM glucose (in lx PBSA) and placed in a 15ml tube. 10/xl 125I 

(lOOmCi/ml, Amersham International) and 100/il iodination enzyme mix were added, 

and incubated for 10 minutes at room temperature. Labelled cells were washed three 

times with ice-cold PBSA Iodinated molecules were immunoprecipitated. 

enzyme mix 2.5% v/v glucose oxidase (Sigma),

500/xg/ml lactoperoxidase (Sigma) in lx PBSA

2.30 32P-phosphate labelling

32P-phosphate labelling of cells was carried out by a modified version of the 

method described in (Boyer et al, 1987). 40x106 cells were harvested, washed three 

times in E4 (phosphate-free) medium and resuspended in 10ml labelling medium and 

incubated for 30 minutes at 370 C, in humidified 5% C 0 2 air. Cells were centrifuged, 

resuspended in 1ml labelling medium with the addition of 1.5mCi 32P phosphate 

(lOmCi/ml, Amersham International) and further incubated for 3 hours. Labelled 

cells were washed in warm, phosphate-free E4 medium and half were resuspended 

in 1ml labelling medium containing 30ng/ml phorbol 12-myristate 13-acetate (PMA, 

Sigma), the other half in labelling medium alone. Both samples were incubated for



67

a further 20 minutes, centrifuged and labelled molecules were immunoprecipitated. 

labelling medium phosphate-free E4 medium,

2% v/v FCS (dialysed against 0.9% w/v NaCl),

20mm Hepes

2.31 Immunoprecipitation

Cells were resuspended in 1ml lysis buffer and 50/xl 10% v/v Staphylococcus 

A, in a 1.5ml eppendorf tube, and rotated at 4 ° C for 15 minutes. Sample tubes were 

centrifuged for 3 minutes in a microcentrifuge, at 6500 rpm, and the supernatants 

incubated with 50/d Staphylococcus A , as previously. After centrifugation the 

supernatants were divided in two equal samples, and precipitated with either the anti- 

CD8 mAb YTS169.4-sepharose conjugate or control Rat immunoglobulin (Rat Ig)- 

sepharose conjugate. 25/d 10% v/v mAb-sepharose conjugate was added to the 

sample and the tube rotated at 4 ° C for 45 minutes. Samples were centrifuged, as 

before, and the pellets washed sequentially in 1ml high salt buffer, 1ml high salt 

buffer underlayed with 200/d 30% w/v sucrose (in high salt buffer), 1ml SDS buffer 

and 1ml TTE buffer. Immunoprecipitates were stored at -70 ° C. 

lysis buffer 0.5% Triton X I00,

lOmM Tris-Cl,

ImM EDTA,

0.15M NaCl, 

lOmg/ml BSA,

+ inhibitors



inhibitors in- 

Iodination :

32P labelling :

high salt buffer 

SDS buffer 

TTE buffer

2mM phenylmethylsulphonyl fluoride (PMSF), 

5mM iodoacetamide 

2mM PMSF,

5mM iodoacetamide, 

lOOmM NaF,

0.02% w/v NaN3,

ImM Na3V 04 

lysis buffer + 0.5M NaCl 

lysis buffer + 0.1% w/v SDS 

5mM EDTA, 

lOmM Tris-Cl pH7.6,

0.1% Triton X100
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Chapter 3 Anti-sense RNA as a Strategy for Inhibition of CD8 Expression

3.1 Introduction

Anti-sense technology:

The aim of the present study was to produce a system of stably down-regulating 

surface expression of the CD8 molecule, that would be efficient in vivo and had the option 

of being inducible. I chose anti-sense RNA technology as the strategy to achieve this 

aim. Anti-sense technology involves the use of complementary RNA transcripts, or anti

sense RNA, to produce inhibition of gene expression. This approach is based on the 

observed failure of in vitro messenger RNA (mRNA) translation when the mRNA is 

hybridised to a complementary RNA fragment (Paterson et al, 1977). That this method 

of gene inhibition works in eukaryotic cells was first shown by Izant and Weintraub

(1984). In order to use this strategy to inhibit CD8 expression, a method of delivering 

the anti-sense RNA to target cells had to be found.

Methods o f anti-sense delivery:

The methods used to introduce anti-sense RNA into the cell vary widely from 

study to study. Translation of mRNA has been blocked in vivo by direct injection of anti

sense RNA into ffog oocyte cytoplasm (Melton, 1985). Anti-sense 6-globin RNA was 

synthesised in vitro using the SP6 transcription system. When injected in excess, the anti

sense RNA blocked translation of the injected sense RNA by the oocytes. This method 

of anti-sense RNA delivery has been used in other developmental work (Rosenberg et al, 

1985), and overcomes the problems with using DNA vectors in such studies which arise 

from a lack of transcriptional activity in early stages of development in most animals.
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Other studies have used anti-sense oligodeoxynucleotides to inhibit mRNA translation 

(Heikkila et al, 1987). However, the disadvantage of using anti-sense oligonucleotides 

or the direct introduction of anti-sense RNA into the cell is that inhibition of gene 

expression is only transient.

Continuous production of anti-sense RNA in a cell can be achieved by transfection 

of the cell with an anti-sense DNA construct, such as the one used by Izant and 

Weintraub (1984). In this study the HSV thymidine kinase (TK) gene was used to assay 

the level of inhibition of gene expression by anti-sense RNA. The rational behind the 

method used to produce the anti-sense DNA fragments, was to isolate the coding region 

of this gene, together with the polyadenylation sites, and reinsert the fragment back into 

the expression vector in the opposite orientation. The Moloney murine sarcoma virus long 

terminal repeat was used to promote transcription of the gene in the 3’-5’ orientation. The 

RNA produced was complementary to that synthesised by transcription of the gene in the 

original 5’-3’ orientation. TK' mouse L cells were transiently transfected by 

microinjection with either the sense TK construct as a control or the sense construct 

together with an excess of the anti-sense construct. The excess anti-sense construct 

produced a specific 4-5 fold reduction in the number of TK+ cells produced when 

compared with the controls, as judged by the proliferation of the cells under selection.

Stable transfection of cells with anti-sense DNA has been used to produce 

reduction in the expression of target genes in several studies. Kim and Wold (1985) 

transfected TK+ mouse L cells with anti-sense TK gene constructs driven off the 

metallothionein I promoter. In transfected cells high levels of anti-sense RNA were stably 

produced and TK activity was reduced by 80%-90%. In Dictyostelium the level of 

discoidin I-a mRNA translation was reduced by over 90% by anti-sense RNA driven from
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the discoidin I-a promoter (Crowley et al, 1985). In both studies inhibition was stable 

but not complete and the resulting phenotype of transfected cells was hypomorphic rather 

than null.

The longterm aim of abolishing CD8 expression in T cells was to produce 

transgenic mice with the CD8 negative phenotype. This would require stable production 

of anti-sense RNA in the appropriate cells and transmissibility of anti-sense production. 

These two requirements can only be met if anti-sense inhibition is produced by stable 

transfection of cells with a DNA construct, coding for the anti-sense RNA and intergrating 

in the genome of the cell. I therefore decided that transfection of cells with anti-sense 

CD8 DNA constructs was the most suitable approach. The next consideration was which 

part of the CD8 gene to use in the anti-sense DNA constructs.

Parts of the gene used in anti-sense technology:

In constructing anti-sense vectors to down regulate the expression of an 

endogenous gene, it is important to know against which part of the mRNA to target the 

anti-sense sequences. There is no consensus of opinion in the literature on this matter. 

In their original study Izant and Weintraub (1984) used a sequence complementary to the 

whole of the TK mRNA. In more recent work they have found that a 52bp anti-sense 

transcript, complementary to the 5’ untranslated region of the TK mRNA, is more 

efficient in the inhibition of TK expression (Weintraub et al, 1985). This confirms in 

vitro studies (Paterson, 1977; Stephenson and Zamecnik, 1978) which showed that it is 

not necessary to form duplexes with the entire mRNA to inhibit translation. Melton

(1985) also used sequences complementary to the 5’ region of the mRNA, covering the 

initiation codon and 5’ untranslated portion, in his study. He found that sequences 

complementary to the 3’ region of the mRNA were unable to block translation of the B-
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globin RNA. The anti-sense oligomers used by Heikilla et al (1987) were directed at the 

first five codons of human c-myc mRNA.

It would appear therefore that the 5’ region of the gene is the most important for 

anti-sense targetting. There are exceptions however, Kim and Wold (1985) found that an 

anti-sense construct complementary to 3’ region of the TK mRNA was just as efficient 

at inhibiting TK expression as one made by combining sequences complementary to both 

the 3’ and 5’ regions. A 3’ region was also used by Giebelhaus et al (1988), to inhibit 

expression of the membrane skeleton protein 4.1 during development in Xenopus. Taken 

together these studies would indicate that the region of a gene used in anti-sense targeting 

would depend on the particular gene and the method of anti-sense delivery.

Another point to take into account is whether protein binding or mRNA secondary 

structure would limit the availability of RNA regions for base pairing. Such alterations 

of structure would be very difficult to avoid in vivo. However some studies suggest that 

this may not cause a serious problem. For example Kish and Pederson (1977) have 

shown that mRNA-ribonucleoprotein does bind to oligo-dT columns and studies on small 

nuclear ribonucleoprotein (Lemer et al, 1980; Rogers and Wall, 1980) suggest that at least 

some areas of mRNA are available, if only transiently, for RNA hybridisation.

Due to the lack of consensus on the part of a gene to use as the fragment coding 

for anti-sense RNA, I decided to use a panel of DNA constructs made with different CD8 

DNA fragments. Transfection of cells with this panel would identify the most effective 

inhibitory construct. Both 5’, 3’ and full length CD8 cDNA fragments were used. A 5’ 

CD8 genomic fragment was used due to reports of the effectiveness of genomic 5’ 

untranslated regions at producing inhibition of target gene expression (Weintraub et al, 

1985; Melton, 1985). A larger 5’ CD8 genomic fragment was also used to test the
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effectiveness of covering several intron-exon boundaries of the CD8 gene in the anti-sense 

transcript.

Finally it is important to consider the amount of anti-sense RNA that would be 

necessary to produce down-regulation of CD8 expression. In this regard it would be 

useful to understand how anti-sense RNA inhibits target gene expression.

Level of anti-sense expression:

The amount of anti-sense transcript that has to be produced in order to dimerise 

in vivo with endogenous mRNA and inhibit translation is unknown. Ratios of anti

sense :sense transcript necessary for disruption of gene expression vary from study to 

study, and may depend in part on the gene of interest, but more significantly the method 

of anti-sense RNA introduction. Where anti-sense RNA was injected into cells, a ratio 

of 20:1 anti-sense to sense RNA was found to be sufficient (Melton, 1985). However this 

inhibition occurs in the cytoplasm and gives little indication of levels of anti-sense RNA 

necessary in the nucleus for a similar effect. Studies using transient transfection of cells 

with sense and anti-sense gene constructs have found that ratios of anti-sense to sense 

construct necessary for reduction of gene expression vary from 1:1 (Rubenstein et al, 

1984) to 100:1 (Weintraub et al, 1985). However the levels of anti-sense RNA in the 

nucleus of these transfectants were not evaluated and the excess of anti-sense RNA over 

sense can not be established in these studies.

Where cells were stably transfected with an anti-sense construct the ratio of 

nuclear anti-sense:sense RNA necessary for inhibition, was found to be 300:1 (Kim and 

Wold, 1985). The consensus of opinion is that a large excess of nuclear anti-sense RNA 

over sense RNA would be necessary to disrupt the expression of a given gene. A strong 

promoter, with a high level of activity in a wide range of cell types, would therefore be
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necessary in cases where the anti-sense RNA was being transcribed from DNA 

constructs.

Apart from the amount of anti-sense RNA necessary, the mechanism by which 

anti-sense RNA inhibits gene expression in vivo is also unclear. In the study by Kim and 

Wold (1985) cells transfected with anti-sense constructs were found to contain RNA:RNA 

duplexes in their nuclei. They postulated that formation of such duplexes in the nucleus 

of a cell would interfere with RNA processing or transport of the RNA into the 

cytoplasm, while admitting that the failure to detect such duplexes in the cytoplasm could 

be due to degradation or transport of the duplexes back into the nucleus.

In his study, Melton (1985) found that microinjection of anti-sense RNA into the 

cytoplasm of oocytes does result in the formation of RNArRNA duplexes, and that this 

hybridisation causes translational inhibition. Although the inhibition is greater if the anti

sense RNA is injected before the sense RNA, it still occurs if the sequence of injection 

is reversed. The mechanism anti-sense inhibition therefore appears to depend on the 

method of delivery of the anti-sense RNA, although it probably does involve duplex 

formation in either case. It is possible that anti-sense RNA would interfere with any 

biological process requiring base pairing. Bass and Weintraub (1988) have illustrated one 

example as to how this could occur. They have shown an RNA duplex unwinding 

activity in Xenopus which alters the base pairing properties of the RNA, and hypothesise 

that this activity could promote degradation of the RNA or production of non-functional 

protein by the covalent modifications.

These considerations make it difficult to construct a DNA vector, capable of anti

sense RNA production, that would guarantee inhibition of CD8 expression. I decided 

therefore to use a vector containing a highly active promoter to achieve transcription of
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high levels of anti-sense RNA from the panel of CD8 DNA fragments described earlier.

3.2 Expression vector

The human B-actin promoter has a high level of activity in a wide range of cell 

types. This promoter is present in the pHBAPr-l-neo expression vector (Figure 1) 

(Gunning et al, 1987) which also contains the Neomycin phosphotransferase gene (Neo) 

conferring resistance to the antibiotic G418. Gunning et al (1987) have shown that this 

vector can generate y-actin and B-tubulin anti-sense transcripts in human fibroblast cell 

lines, and that these transcripts accumulate to levels comparable with that of the y-actin 

and B-tubulin mRNAs. They also showed that the promoter activity was as least as high 

as the SV40 early promoter in several human and rodent cell lines. The promoter activity 

of this vector made it ideal for the present study.

The vector has the drawback of a limited multiple cloning site (MCS), containing 

only three restriction endonuclease sites. This was a potential problem, as the CD8 

fragments would have to be placed in the 5’-3’ and 3*-5* orientations. Additional 

subcloning steps were thus used to increase the number of restriction sites available for 

the production of these constructs.

3.3 Intermediate cloning vector

Due to the limited number of cloning sites in the pHBAPr-l-neo vector, an 

intermediate vector with several restriction sites in its MCS, was required for the 

subcloning of the CD8 genomic fragments. This was necessary because there were not
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enough restriction sites to subclone the genomic fragments in both 5’-3’ and 3’-5’ 

orientations. As no really suitable vectors were available I decided to modify an existing 

one. Although pUC19 has a large MCS it does not contain an Xho I restriction site, 

useful because of it’s compatibility with the Sal I site contained in the MCS of the 

pHBAPr-l-neo vector. For this reason I constructed a derivative vector called XpUC19, 

by introducing an Xho I restriction enzyme site into the Eco RI site of pUC19, as shown 

in Figure 2.

3.4 CD8 cDNA anti-sense constructs

I decided to use three CD8 cDNA fragments, illustrated in Figure 3, to see which 

was most efficient at generating effective CD8 anti-sense transcripts. These fragments 

were obtained by digestion of the XCD8apUC19 construct, which contained the CD8 

cDNA cloned into the Sma I site of XpUC19. The Sal I and Xho I restriction sites at 

either end of the cDNA made it possible to excise the full length cDNA from 

XCD8apUC19 and to subclone it into the pHBAPr-l-neo expression vector in both 

orientations. Restriction endonuclease digestion confirmed that the constructs were correct 

and in the appropriate orientation (Figure 2).

The CD8 cDNA contains an Eco RI site 340bp from it’s 5’ end. This enzyme site 

was used to cut the cDNA into 3’ and 5’ fragments (Figure 3). However, these fragments 

had to be blunt-ended before they could be inserted in both 3’-5’ and 5’-3’ orientations 

into the pHBAPr-l-neo vector. Figure 4 shows (restriction endonuclease digests of the 

constructs, confirming the presence and orientation of the appropriate CD8 fragments.
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3.5 CD8 genomic anti-sense constructs

CD8 genomic fragments were isolated from the construct HN2pBR322, containing 

the genomic Hind HI fragment of CD8 cloned into the Hind III site of pBR322 

(Zamoyska et al, 1985). The subcloning steps are illustrated in Figure 5. Two fragments 

were used from the 5’ end of the genomic clone. Both fragments contained the 5’ 

untranslated region. In addition, the 760bp fragment contained exon I and part of intron 

I while the 1.64kb fragment contained exon I, II, and III and intron I, II, and part of 

intron El. Because no suitable sites existed in the CD8 genomic clone to subclone these 

fragments directly in both orientations into the pHBAPr-l-neo vector, they were first 

cloned into XpUC19. The resulting constructs were shown to be correct by digestion 

(Figure 6). This step enabled the use of a larger number of restriction sites for the 

subcloning of the genomic fragments into pHBAPr-l-neo in both orientations. Restriction 

endonuclease digests of the constructs can be seen in Figure 6, showing that they are 

correct and that the genomic CD8 fragments are in the appropriate orientation.
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Figure 1 pHBAPr-l-neo expression vector

The pHBAPr-l-neo vector (Gunning et al, 1987) contains a 4.3kb fragment from the 

human B-actin gene, including the promoter element. This fragment contains a cap site, 

5’ untranslated region (UT) and the first intron of the gene (IVS I). The polyadenylation 

signal comes from SV40 and the ampicillin resistance gene (AmpR) from pBR322. The 

vector also contains the neomycin phosphotransferase gene from pSV2-neo (Southern and 

Berg, 1982) and a bacterial origin of replication (Ori).
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Figure 2 Restriction digests of XpUC19 and the full length CD8 cDNA constructs

Restriction endonuclease digestion was performed on mini-prep DNA. Digests were 

electrophoresed on 1.2% agarose gels and DNA visualised by incorporation of ethidium 

bromide. The relevant molecular weight markers are shown and labelled in kb units. 

Actual fragment sizes, as predicted, are indicated below in brackets.

A. Introduction of an Xho I site into pUC19. pUC19 was linearised with Eco RI, blunt 

ended and ligated with 8bp Xho I linkers. XpUC19 was linearised with Xho I to confirm 

the presence of the Xho I site.

lane 1 : lkb ladder

lane 2 : undigested XpUC19

lane 3 : XpUC19 (2.7kb linearised fragment)

B. Full length CD8 cDNA sense (841s) and anti-sense (841as) constructs were digested 

with Bam HI and Xho I to confirm that these constructs were correct, as these enzymes 

cut out CD8 fragments of different sizes from the two constructs.

lane 1 : lkb ladder

lane 2 : 84las (9kb + lkb + 0.84kb fragments)

lane 3 : 841s (9kb + 1.84kb fragments)

C. To confirm that the CD8 cDNA was in the anti-sense orientation in 841as this

construct was digested with Bam HI, as this enzyme would only excise the CD8 cDNA 

from the anti-sense construct.

lane 1 : lkb ladder

lane 2 : undigested 84las

lane 3 : 84las (lOkb + 0.84kb fragments)
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Figure 4 Restriction digests of the 3’ and 5’ CD8 cDNA constructs

Restriction endonuclease digestion was performed on mini-prep DNA. Digests were 

electrophoresed on 1.2% agarose gels and DNA visualised by incorporation of 

ethidium bromide. The relevant molecular weight markers are shown and labelled 

in kb units. Actual fragment sizes, as predicted, are indicated below in brackets.

A. Presence of the 342bp CD8 cDNA fragment in the sense (342s) and anti-sense 

(342as) constructs was confirmed by digesting the constructs with Bam HI and Xho 

I, as this digest cuts out a 1.3kb fragment which contains the 342bp CD8 fragment 

lane 1 : lkb ladder

lane 2 : 342as (9kb + 1.34kb fragments) 

lane 3 : 342s (9kb + 1.34kb fragments)

B. 342s and 342as were digested with Hind III and Sac I to confirm CD8 fragment 

orientation, as this digest cuts out the 342bp CD8 fragment from 342s separately from 

other fragments and as part of a 1.89kb fragment from 342as

lane 1 : lkb ladder

lane 2 : 342as (7kb + 1.4kb + 1.89kb fragments) 

lane 3 : 342s (7kb + 1.55kb + 1.4kb + 0.34kb fragments)

C. Bam HI and Xho I excise the 500bp CD8 cDNA fragment separately from a lkb 

fragment when in the anti-sense construct (500as) and as part of a 1.5kb fragment 

when in the sense construct (500s); this digest was used to confirm CD8 fragment 

orientation in these constructs

lane 1 : lkb ladder

lane 2 : 500as (9kb + lkb + 0.5kb fragments) 

lane 3 : 500s (9kb + 1.5kb fragments)





Figure 3 Schematic diagram of the construction of CD8a cDNA sense and anti-sense 

vectors

Three cDNA fragments were obtained by digestion of the XCD8apUC19 vector with 

Eco RI (a 342bp fragment), Eco RI and Xbal (a 500bp fragment), and Xho I and Sal 

I (a full length 841bp fragment). The pHBAPr-l-neo vector was digested with Sal I 

and either blunt-ended or treated with alkaline phosphatase. The 342bp and 500bp 

fragments were blunt-ended and ligated to the blunt-ended pHBAPr-l-neo in both 

orientations, producing constructs 342s, 342as, 500s and 500as. The 841bp fragment 

was ligated to the phosphatase treated pHBAPr-l-neo in both orientations, producing 

constructs 841s and 84 las.
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Figure 5 Schematic diagram of the construction of genomic CD8 sense and anti-sense 

vectors

Two CD8 genomic fragments were obtained by digestion of the HN2pBR322 vector with 

Pst I and Sau 3A (a 760bp fragment) and Pst I and Bam HI (a 1.64kb fragment). The 

fragments were ligated to XpUC19 (producing constructs X760 and X I.64), digested with 

Pst I and Bam HI. Fragments for sense vector construction, were obtained by digestion 

of X760 and XI.64 with Hind III and Bam HI. These fragments were then ligated to 

pHBAPr-l-neo, digested with Hind III and Bam HI, producing sense vectors 760s and 

1.64s. Fragments for anti-sense vector construction, were obtained by digestion of X760 

and XI.64 with Hind El and Xho I. The fragments were then ligated to pHBAPr-l-neo 

digested with Hind in  and Sal I, producing anti-sense vectors 760as and 1.64as.
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Figure 6 Restriction endonuclease analysis of CD8 genomic constructs
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Restriction endonuclease digestion was performed on mini-prep DNA. Digests were 

electrophoresed on 1.2% agarose gels and DNA visualised by incorporation of ethidium 

bromide. Molecular weight markers are shown and labelled in kb units. Actual fragment 

sizes, as predicted, produced by the digests are indicated below in brackets.

A. CD8 genomic 760bp (X760) and 1.64kb (XI.64) fragments in XpUC19, were excised 

with Pst I and Xho I to confirm their presence in the appropriate construct

lane 1 : XpUC19 (2.7kb fragment) 

lane 2 : lkb ladder

lane 3 : X760 (2.7kb + 0.76kb fragments) 

lane 4 : XI.64 (2.7kb + 1.64kb fragments)

CD8 genomic sense constructs were digested with Hind in  and Bam HI, as this cuts out 

the CD8 fragment, and the anti-sense constructs with Hind III and Xho I, as this excises 

the CD8 fragment as part of a larger fragment; these digest were used to confirm CD8 

fragment orientation in these constructs

B. Digests of the 760bp CD8 genomic sense (760s) and anti-sense (760as) constructs 

lane 1 : lkb ladder

lane 2 : 760as (9kb + 1.76kb fragments) 

lane 3 : 760s (lOkb + 0.76kb fragments)

C. Digests of the 1.64kb CD8 genomic sense (1.64s) and anti-sense (1.64as) constructs 

lane 1 : lkb ladder

lane 2 : 1.64as (9kb + 2.64kb fragments) 

lane 3 : 1.64s (lOkb + 1.64kb fragments)
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Chapter 4 Derivation of CD8 Expressing Cell Lines for Use in Transfection Studies

4.1 Introduction

The long-term aim of down-regulating CD8 expression by anti-sense RNA 

transcribed from DNA constructs, was to produce mice transgenic for the effective DNA 

constructs. Expression of the CD8 molecule in these mice would be inhibited. This 

would give insights into the function of CD8 in vivo during T cell development. 

However, before this step could be undertaken, it was important to define which CD8 

fragment would be most efficient at disrupting CD8 expression when transcribed in the 

3’ to 5’ orientation. An appropriate cell line was therefore necessary in which the 

efficiency of each CD8 anti-sense DNA construct at affecting CD8 expression could be 

assessed by transfection. The cell line would have to have stable expression of CD8 on 

its cell surface and be readily transfectable. A CD8+ mouse L cell line was chosen as the 

recipient cell line, chiefly because it can be efficiently transfected.

A second aim of this study was to examine how the function of a cell is affected 

by the down-regulation of CD8 expression. This question could be addressed by the 

transfection of the CD8 anti-sense DNA constructs into a mouse T cell clone. Another 

advantage of transfecting a mouse T cell clone with these constructs is that the expression 

of CD8 in the cell would parallel that in other mouse T lymphocytes, and would be 

; significantly lower than in CD8 transfected L cells. For these reasons it was decided to 

generate a functional mouse T cell clone which was stable in culture with respect to 

growth and CD8 expression.
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4.2 CD8 positive L cell line

Mouse L cells were chosen to test CD8 anti-sense DNA constructs because these 

cells grow to high densities and can be efficiently transfected. A CD8+ line was derived 

by co-transfection of the CD8 genomic clone and the TK gene into this cell line. In this 

transfectant expression of CD8 was promoted by the endogenous CD8 promoter, and 

maintenance of expression was achieved by growth of the cells in HAT selection. This 

transfectant stably expressed high levels of CD8 when grown under HAT selection (Figure 

7).

The CD8 transfected L cell line was transfected with CD8 anti-sense constructs 

by calcium phosphate precipitation.

4.3 Generation of T cell clones

CTL line and clone generation:

T cell lines and clones were generated so that culture adapted recipient cells would 

be available to test the functional significance of disrupting CD8 expression, and 

demonstrate that the anti-sense RNA technique could be used in mouse T lymphocytes. 

Alloreactive CTL lines #2c (CBA/Ca anti-BALB/c), #lb (C57BL/10 anti-CBA), #01 

(DBA/2 anti-CBA/Ca) and #02 (BALB/c anti-CBA/Ca) were generated, by mixed 

leukocyte cultures, and maintained by restimulation with irradiated allogeneic spleen cells 

and rat Concanavalin A supernatant (CAS) as a source of growth factors. Several 

different mouse strains were used in case some combinations might be more efficient at 

CTL clone generation. CTL lines #2c and #lb showed the highest cytolytic activity from
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the lines generated. Cytotoxicity of line #2c over a period of restimulation is shown in 

Figure 8. Line #2c showed 50% cytotoxicity at an effector to target (E:T) ratio of 10:1, 

after the first restimulation (Figure 8A). It maintained this level of activity through five 

restimulations (Figure 8B) but by the thirteenth restimulation the cytotoxicity had 

decreased (Figure 8C). Line #lb behaved in a similar fashion through five restimulations 

but then completely lost cytolytic activity (data not shown).

The cytolytic activity of the other CTL lines generated was not as high, at best 

reaching 30% cytotoxicity at an E:T ratio of 30:1. These lines showed negligible 

cytotoxicity after the thirteenth restimulation. The cytolytic activity of most of the 

generated lines was therefore inadequate. A problem was also encountered in 

maintenance of all CTL lines. The poor viability of the lines made long-term maintenance 

and assaying difficult.

It was hoped that greater stability in the response of CTL lines #2c and #lb could 

be achieved by generating clones from these lines. Clones were established after the fifth 

restimulation, when the CTL lines still showed relatively high cytotoxicity. The various 

clones produced are shown in Table 1. CTL clones were assayed for cytotoxicity after 

the second restimulation. The cell numbers obtained from the restimulation cultures were 

low and even where there were sufficient cells for a reasonable E:T ratio, as with clone 

c2.47a, the cytolytic activity was poor. The clones were re-assayed after the seventh 

restimulation. Again the number of cells obtained was low and their cytolytic activity was 

poor. Although the low cytotoxicity was a problem, more important was poor viability 

as transfection requires large numbers of cells. The problems with the maintenance of 

these clones in culture made them highly unsuitable for transfection studies as cells have 

to be in an exponential growth phase for efficient transfection.
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However, at this time an alternative CTL clone became available. The CTL clone 

C6 was a kind gift from K. Tomonari, CRC, London. It was therefore decided to 

discontinue work on the CTL lines and clones described above.

CTL clone C6:

The CTL clone C6 is an MHC class I restricted CTL produced by the 

immunisation of a CBA/H female mouse with CBA/H male irradiated spleen cells and is 

specific for the H-Y antigen in context of H-2Kk. The cell is stable in long-term tissue 

culture and has been well characterised (Tomonari, 1985).

C6 requires both CAS and stimulator cells (irradiated CBA male spleen cells) for 

a full proliferative response, as shown in Figure 9. The CTL clone responds to 

stimulators alone with a low but titratable proliferation. CAS on its own induces much 

higher C6 proliferation. However, the full response by C6 is only achieved in response 

to both stimuli. Proliferation is significantly reduced when a soluble anti-CD8 mAb is 

added to the culture (Figure 9). This demonstrates the requirement of CD8 interactions 

in the response of C6 to antigen.

Because CTL clones grow at low cell densities and require the addition of 

stimulator cells, they are not readily transfectable. These problems could be avoided if 

the cells were to grow in an antigen independent manner and at high densities. One way 

to achieve this would be to have inducible, and reversible, transformation of the clone into 

antigen independent growth. The retroviral plasmid pZIPSVtsa58 (Jat and Sharp, 1989) 

contains DNA coding for temperature sensitive (tsa) variants of the SV40 large T antigen 

(LT), a potent transforming agent. The tsa SV40 LT is normally expressed at 33°C but 

is thermolabile for LT activity at 39°C, the non-permissive temperature. Cells transfected 

with this construct lose their transformed phenotype when the incubation temperature is
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moved up from 33°C to 39°C. Transforming the C6 clone with such a viral antigen 

would allow routine tissue culture and transfection at 33°C, while the functional assays 

could be performed after a short period of growth at 39°C, when the cell would 

presumably revert from the transformed phenotype.

Retroviral infection was attempted by co-culture of the murine retroviral packaging 

cell line \|/2 and the C6 clone in the absence of stimulator cells, but with 10% CAS at 

33°C. Cells were given fresh media and CAS every 3 days. One week after adding the 

C6 cells to a monolayer of \|/2ZIPSVtsa58 growth of C6 cells was observed. The cells 

were expanded in 10% CAS, and the clone C6.1 established. The clone was stained for 

interleukin 2 receptor (IL-2R), CD3, Thyl and CD8 expression and analysed by flow 

cytometric analysis (Figure 10). The phenotype of the cells with respect to expression of 

these molecules was identical to the parental C6 CTL clone (data not shown).

After one week of culture at 39°C, a temperature sufficiently high to reduce LT 

activity in the transformed \\f2 cells considerably (Jat and Sharp, 1989), C6.1 was tested 

in a proliferation assay (Figure 11). The proliferative response of the cell was equally 

strong in the presence of CAS irrespective of whether the relevant (CBA male) or 

irrelevant (CBA female) stimulator cells were present, and this response was only slightly 

weaker with CAS alone. The addition of soluble anti-CD8 mAb had a small effect on the 

response, but proliferation was significantly reduced in the absence of CAS. This result 

suggested that either the cell was irreversibly transformed or it was not originally 

transformed by the tsa antigen but had become independent of antigen for growth.

To distinguish between the two possibilities C6.1 and control vy2ZEPSVtsa58 cells 

were lysed and the whole cell lysates Western blotted after 48 hours of incubation at 

various temperatures. The LT antigen was visualised by staining the blot with an anti-LT



mAb, and developing with 125I-PAS (Figure 12). Although \|r2ZIPSVtsa58 was seen to 

contain the SV40 LT after culture at 33°C, and a large decrease in the amount of LT was 

seen after culture at 39°C, no corresponding band was seen in the lane containing whole 

cell lysate from the C6.1 clone incubated at 33°C, 37°C or 39°C.

This finding shows that C6.1 was not transformed by the tsa LT but rather that it 

was boosted by CAS into antigen independent growth, and appeared to grow equally well 

at 33°C as 39°C. Although it was impossible to revert this CAS generated clone back 

into an antigen-dependent growth cycle, it was cultured in 10% CAS in high numbers and 

at high densities while not losing expression of T cell markers. These characteristics 

made the cell very useful for transfection and a suitable cell with which to test CD8 anti

sense constructs.
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4.4 Discussion

This chapter describes the selection and production of cell lines to be used as 

transfection recipients for the analysis of anti-sense constructs. The CD8+ mouse L cell 

line was chosen as the recipient for transfection of the CD8 anti-sense DNA constructs. 

This line expresses the CD8 gene promoted by the CD8 endogenous promoter and 

expression can be maintained in the appropriate selection conditions. L cells can be 

efficiently transfected and so are ideal for assaying a number of different anti-sense DNA 

constructs.

In addition attempts were made to produce a CTL clone which could then be be 

used to test whether anti-sense RNA could be used to down-regulate expression of the 

CD8 molecule in T lymphocytes and subsequently in transgenic mice. The functional 

consequences of such down-regulation could also be examined. However, the CTL lines 

and clones produced displayed low cytotoxicity and poor viability. These cells were not 

suitable for transfection studies because I never obtained a sufficient number of viable 

cells.

I therefore decided to use the CTL clone C6 (Tomonari, 1985), which had been 

maintained in culture for a long period of time. In order to obtain a sufficient number of 

cells in exponential growth phase for transfection of the anti-sense DNA constructs, this 

clone was incubated with a transforming virus and CAS. Although the virus DNA was 

not incorporated into the CTL clone, incubation with sustained levels of CAS promoted 

antigen-independent growth of the clone (in general CAS is added to cultures only during 

the restimulation of CTL clones). The resulting clone, C6.1, required CAS for growth and 

could not be induced to revert to antigen-dependent growth.
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Although C6.1 could be of no use in functional assays, as it did not show any 

antigen-dependent increase in proliferation, it was nevertheless useful to test the CD8 anti

sense DNA constructs as this would show the effectiveness of using anti-sense RNA to 

inhibit endogenous CD8 expression in T lymphocytes. The level of CD8 expression by 

C6.1 was similar to that of the parental C6 clone, and presumably other mouse T 

lymphocytes. Hence it was envisaged that mouse L cells could be used to test the 

efficiency of each anti-sense DNA construct and C6.1 to show that this approach would 

work in the mouse T lymphocyte.
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Figure 7 Surface expression of CD8a by the CD8+ L cell line

CD8+ L cells were examined for surface expression of the CD8a molecule. Cells were 

stained with a directly conjugated YTS169.4-FITC anti-CD8a mAb (dotted profile), and 

incubated with PBSA as a control for background fluorescence (solid profiles). The 

profiles depicted were obtained by flow cytometric analysis of stained cells.
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Figure 8 Decrease in the cytotoxicity of CTL line #2c with time

CTL line #2c was generated by CBA/ca anti-Balb/c mixed lymphocyte culture (MLC). 

Cytotoxicity of this line was tested on day 3 after restimulation, using 51Cr labelled Balb/c 

Con A blast spleen cells.

The specific cytolytic activity of CTL line #2c is shown after 1 restimulation (graph A), 

5 restimulations (graph B) and 13 restimulations (graph C).
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Table 1 Specific cytolytic activity of CTL clones

CTL clones C2.2c, C2.7c, C2.14c and C2.47a were established from the CTL line #2c 

(CBA/Ca anti-BALB/c), and clones C1.3c, Cl.lOc, C1.46a and C1.48a from the CTL line 

#lb (C57B1 anti-CBA/Ca). Clones were established after the fifth restimulation of the 

CTL lines. Cytotoxicity of these clones was tested on day 3 after restimulation, usign51 Cr 

labelled Con A blast spleen cells from BALB/c and CBA/Ca mice respectively.



Clones

C2.2c

C2.7c

C2.14c

C2.47a

C1.3c

Cl.lOc

C1.46a

C1.48a

Number of 
restimulations

2
7
2
7
2
7
2
7

2
7
2
7
2
7
2
7

E/T ratio

0.6
0.8
2.2
0.8
1.8
7.5 
8.8
1.5

0.6
0.1
0.8
0.2
2.8
1
0.4
0.2

%Cytotoxicity

6.5
3
12.5
4 
6.2 
<1 
7.4 
4

10
8
20
3
29
15
19
3
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Figure 9 CTL clone C6 requires CAS and antigen for a full proliferative response 

CTL clone C6 was derived by Tomonari (1985).

Proliferation of CTL clone C6, on day 7 after restimulation, is shown in response to 

irradiated CBA male stimulator cells and CAS (■), CAS alone (□), stimulator cells alone 

(#), and to the combination of CAS, stimulator cells and an anti-CD8a mAb (O).
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Figure 10 The T cell clone C6.1 retains expression of T cell markers

106

Surface expression of T cell markers by clone C6.1 was examined by flow cytometric 

analysis of stained cells.

a. Surface expression of CD3. Cells were stained with biotynilated 145-2C11 as the First 

layer mAb, and Phycoprobe PE-Avidin as the second layer (dotted profiles). Non-specific 

flourescence was measured with second layer alone (solid profile).

b. Surface expression of Thy 1. Cells were stained with the directly conjugated YTS154- 

FITC mAb (dotted profile). Background fluorescence was measured by incubating the 

cells with PBSA (solid profile).

c. Surface expression of CD8. Cells were stained with YTS 169.4 as the first layer mAb, 

and fluorescein conjugated Goat anti-Rat IgG as the second layer antibody (dotted profile). 

Non-specific flourescence was measured with second layer alone (solid profile).

d. Surface expression of IL-2 receptor. Undiluted 7D4 hybridoma supernatant was used 

as the first layer mAb, and fluorescein conjugated Goat anti-Rat IgG as the second layer 

antibody (dotted profile). Non-specific flourescence was measured with second layer 

alone (solid profile).
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Figure 11 Clone C6.1 is no longer antigen-dependent

Proliferation of clone C6.1, after one week of culture at 39°C, is shown in response to 

10% CAS (+); CBA stimulator cells (squares); 10% CAS and CBA stimulator cells 

(circles); 10% CAS, CBA stimulator cells and an anti-CD8oc mAb (triangles). 

Proliferation was measured in response to both male (filled symbols) and female (open 

symbols) CBA stimulator cells.
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Figure 12 C6.1 does not express the SV40 LT antigen

110

lxlO6 C6.1 were cultured for 48 hours at either 33°C or 39°C. lxlO6 \y2ZIPSVtsa58 cells

were similarly cultured for 48 hours at 33°C, 37°C or 39°C. Cell lysates were

electrophoresed on a 10% polyacrylamide gel, Western blotted and the blots developed

with the anti-SV40 LT antigen mAb pAb419 (Harlow et al, 1981) and 125I-protein A. The

blot was exposed for 3 days to X-ray film at -70°C. The band corresponding to the SV40

LT antigen is indicated with an arrow.

lane 1,7 : 14C molecular weight markers (in kD units)

lane 2 : y2ZIPSVtsa58 incubated at 33°C.

lane 3 : C6.1 incubated at 33°C.

lane 4 : C6.1 incubated at 37°C.

lane 5 : C6.1 incubated at 39°C.

lane 6 : \|/2ZIPSVtsa58 incubated at 39°C.





112

Chapter 5 Analysis of CD8 anti-sense constructs in transfection studies

5.1 Transfection of the anti-sense panel

In order to assess the effectiveness of each of the CD8 anti-sense DNA constructs 

at producing down-regulation of CD8 expression, the constructs were initially transfected 

into the CD8+ L cell line (described in section 4.2). When CD8 cDNA or genomic sense 

constructs are transfected into cells, flow cytometry can be used to screen the 

transfectants. Due to the fact that the anti-sense RNA technique works at the RNA level 

only and no protein product is expected, successful transfectants had to be screened in an 

alternative manner.

To gain an initial idea of the efficiency of any single transfection experiment, the 

mouse CD4 cDNA clone, contained in the pHBAPr-l-neo vector, was transfected in 

parallel. As all the DNA used in transfection was prepared at the same time, these 

parallel transfections should give an estimate of the efficiency of transfection of the anti

sense construct. An example of a CD8+CD4+ L cell line, produced by such transfection, 

can be seen in Figure 13a. CD4 expression was seen on 75% of antibiotic resistant 

clones. Cells transfected with anti-sense DNA constructs were stained with an anti-CD8a 

mAb and analysed in the same way. If successful, expression of anti-sense constructs 

should produce a fall in CD8a cell surface expression.

For each anti-sense construct, several possible L cell transfectant clones were 

produced and screened in this way. Figure 13 shows the staining pattern of some of the 

transfectants produced. Two transfectant L cell clones showing a significant reduction in 

CD8 surface expression were identified, L500as.2 and L760as.l (Figure 13g and 13h
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respectively). As is evident from analysis of mean fluorescence values expression of the 

CD8 molecule did vary from transfectant to transfectant. Although it was possible that 

this variation was the result of incomplete disruption of CD8 expression, some variability 

in the levels of CD8 expression was also observed in the parental L cell line. It was 

possible, therefore, that this variability was independent of anti-sense DNA transfection.

In view of the equivocal results obtained with the staining, cytoplasmic RNA was 

made from the transfectant cells to confirm that they were expressing anti-sense DNA 

constructs, and that this correlated with any observed reduction of CD8 expression. Blots 

were made of cytoplasmic RNA from several transfectants, including transfectants 

L500as.2 and L760as.l, and probed with a 32P labelled fragment containing the CD8 full 

length cDNA (Figure 14). Expression of mRNA from genomic CD8 clone can be seen 

in the CD8+ parental L cell line (Figure 14, lane 11). Two species of cytoplasmic RNA 

are apparent, of 5kb and 2kb, migrating just below the 28s and 18s ribosomal RNA bands. 

Transfectants L500as.2 and L760as.l, with reduced surface expression of CD8, have little 

detectable cytoplasmic CD8 mRNA (Figure 14, lanes 5 and 6 respectively). This result 

was very encouraging as loss of CD8 cytoplasmic RNA would correlate with anti-sense 

RNA-mediated inhibition of CD8 expression. In addition, CD8 cytoplasmic RNA 

expression appears normal in all the transfectants with unreduced surface expression of 

CD8. Although these cells also show bands corresponding to a low molecular weight 

species of RNA, this is probably an artifact as the band is also present in RNA from 

parental L cells. Control transfectant L841s.l (transfected with a CD8 sense construct) 

can be seen to contain a species of RNA, migrating at 1.9kb, in addition to the CD8 

genomic mRNA bands. This corresponds to the message size produced by transcription 

of the CD8 cDNA in the pHBAPr-l-neo vector. From this it was possible to estimate the
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expected RNA sizes produced by transcription of the anti-sense DNA constructs. Bands 

corresponding to these RNA transcripts should not be masked by the ribosomal RNA 

bands.

Analysis of the anti-sense DNA transfectants revealed no additional bands which 

would correspond with expression of anti-sense RNA in the cytoplasm (Figure 14). This 

correlates with no reduction of CD8 expression on the cell surface of these cells. 

However, this analysis does not distinguish between inability to detect anti-sense RNA 

due to either its retention in the nucleus or lack of expression, and failure in integration 

of the anti-sense DNA constructs. This is especially relevant to transfectants L500as.2 

and L760as.l, where loss of cytoplasmic CD8 expression could be due to either retention 

of a sense-anti-sense RNA complex in the nucleus or to spontaneous loss of the original 

transfected CD8 genomic construct. It was essential to discover whether or not anti-sense 

RNA-mediated gene inhibition was operating in these transfectants. With this in mind, 

genomic DNA was isolated from several transfectants.

Figure 15A shows a blot of the isolated genomic DNA (digested with Bam HI), 

probed with the same CD8 probe used in Northern analysis. The parental CD8+ L cell 

line shows two Bam HI fragments, of 6.2kb and 3.2kb, corresponding to the transfected 

genomic CD8 DNA (Figure 15A, lane 9). This band shows the intensity of the signal 

generated by hybridisation to a single copy CD8 gene. The endogenous CD8a gene can 

be seen also as a band migrating at 9kb in these cells (Figure 15A, lane 9). There is an 

additional 3.3kb endogenous CD8a fragment which comigrates with the internal 3.2kb 

Bam HI fragment from the transfected CD8a DNA. Several other bands can also be seen 

on the longer exposure, however the position and intensity of these indicates that they are 

probably partial digests of the L cell genomic DNA or end fragments from the multiple
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copy transfected CD8 DNA. Transfectants L500as.2 and L760as.l (Figure 15A, lanes 4 

and 5) show greatly reduced signals from the transfected CD8a Bam HI restriction 

fragments. Most copies of the transfected CD8 gene have therefore been lost from these 

cells. This probably accounts for the reduction in surface expression of CD8 and lack of 

CD8 mRNA in the cytoplasm of the cells.

However this analysis does show that several transfectants do contain the CD8 

anti-sense DNA constructs. Bam HI digestion cuts out an internal anti-sense fragment 

from constructs 500as, 841as, 760as and 1.64as (of 500bp, 841bp, 760bp and 1.64kb 

respectively). L cells containing each of these anti-sense constructs can be seen in Figure 

15A, identified by the presence of a CD8 fragment of the appropriate size. Transfectant 

L500as.2 contains the CD8 cDNA anti-sense construct (Figure 15A, lane 4), but as this 

cell has lost the transfected genomic CD8 DNA the reduction in CD8 surface expression 

is unlikely to have resulted from expression of the anti-sense construct. DNA from 

transfectants L342as.3, L342as.4 and L342as.5 was digested with Sac I as this digest cuts 

out a 1.6kb fragment, containing the CD8 fragment. Figure 15B shows that all the 

transfectants contain the 1.6kb fragment excised from the 342as construct, as well as the 

7.1kb transfected CD8a genomic restriction fragment. Several bands can also be seen, 

migrating between 7kb and 4kb, and these probably represent partial digests of the 

genomic DNA.

These results confirm that some of the cells analysed are successfully transfected 

but that reduction in CD8 surface expression on clones L500as.2 and L760as.l is unlikely 

to be due to anti-sense RNA-mediated gene inhibition. Absence of anti-sense RNA in the 

cytoplasm of all of the transfected cells is puzzling. There are several possible 

explanations for this. Anti-sense RNA may not be transcribed in these cells, it may be
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highly unstable, or it may be retained in the nucleus, for example as a sense-anti-sense 

RNA complex. To address the latter possibility, total RNA was made from the 

transfectants. Any nuclear anti-sense RNA species should show up in this preparation. 

RNA was made from four of the seven positive transfectants and the parental L cell, and 

blotted using the same CD8 probe as previously (Figure 16). An additional high 

molecular weight RNA species can be seen in total RNA from the parental CD8+ L cell 

(Figure 16, lane 1), when compared to cytoplasmic RNA from the same line (Figure 15A, 

lane 11). The two main CD8 RNA species are detected, migrating just below the 

ribosomal RNA bands. The additional species probably represent unspliced and partially 

spliced precursors of the CD8 mRNA. The anti-sense DNA transfectants do not show any 

mRNA species additional to those seen in the parent, which would correlate with anti

sense RNA expression in these cells. The absence of the lower CD8a RNA species in 

transfectant L1.64as.2 (Figure 16, lane 5) is probably due to a technical fault in the 

blotting as the upper species is present in this tract.

Analysis of DNA, cytoplasmic and total RNA from the anti-sense DNA transfected 

L cells reveals that although the transfected DNA integrates into the genome of the cells, 

no anti-sense RNA can be detected either in the cytoplasm or the nucleus of the cells. 

It appears therefore that these cells either fail to transcribe the anti-sense DNA constructs 

or that the RNA transcribed is highly unstable and is rapidly degraded.

5.2 Transfection of the CTL clone C6.1

While attempting to resolve which CD8 anti-sense construct was most efficient at 

inhibiting CD8 expression in CD8+ L cells, I decided to begin anti-sense DNA transfection
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of the C6.1 T lymphocyte clone. Since the conditions for T cell clone transfection had 

to be established, I concentrated on transfecting this clone with the full length CD8 cDNA 

anti-sense construct, as the most likely candidate to inhibit CD8 expression. The 

advantage of using C6.1 instead of other T cell clones, is the ability of this clone to grow 

to high cell densities in the absence of antigen. C6.1 was used to establish the conditions 

necessary for transfection by electroporation. Once suitable conditions were determined 

C6.1 was transfected with the CD8 cDNA anti-sense construct in parallel with the CD4 

cDNA containing vector, described earlier, as acontrol for transfection.

Several G418 resistant colonies were obtained from different transfection 

experiments. Resistant colonies had to be harvested as soon as they were identified as the 

transfected cells died before reaching cell densities usual for growth of the C6.1 clone. 

This was not a problem experienced in transfection experiments using other cell types. It 

is unclear whether it was due to toxic effects of dead cells already in the wells, the loss 

of some media components over this period of time or some latent effects of 

electroporation. Colonies were expanded and subjected to flow cytometric analysis with 

an anti-CD8 mAb or anti-CD4 mAb as appropriate (Figure 17). Approximately 75% of 

colonies from the CD4 transfection gave rise to transfectants expressing CD4 (Figure 17a).

Analysis of the anti-sense transfectants did not reveal any significant differences 

in the levels of CD8a expression, when compared to the non-transfected C6.1 cells 

(Figure 17b,c). Cytoplasmic RNA was made from the anti-sense transfected C6.1 cells, 

blotted and probed (as for the L cell transfectants). Figure 18A shows the C6.1 

endogenous CD8a cytoplasmic RNA species of four possible transfectants, migrating at 

5kb and 2kb. However no additional RNA band is present at the appropriate position for 

the anti-sense transcript. To establish that the cells were transfected, their genomic DNA
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was isolated, digested with Bam HI, blotted and probed (as for the L cell transfectants). 

Figure 18B shows the endogenous CD8a gene fragments in the C6.1 cells, migrating at 

9kb and 3.3kb, and it also shows the internal 841bp CD8a restriction fragment of the full 

length CD8 cDNA anti-sense construct in transfectant C841as.l. Therefore, although C6.1 

was transfected with an anti-sense construct, CD8a expression remained unchanged and 

no anti-sense RNA could be detected in cytoplasm of transfected cells, as was the case 

in the L cell transfections.
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5.3 Discussion

Blocking or inhibiting the expression of a given gene can give insights into its 

function. Anti-sense RNA technology offers a means to achieve this inhibition. The aim 

of the present study was to use anti-sense RNA to abolish expression of the CD8a 

molecule on the cell surface of murine T cells. Once this had been achieved in cultured 

T cells the CD8a null phenotype could be conferred on the whole animal by producing 

mice transgenic for anti-sense RNA coding DNA sequences. Some insight into the role 

of the CD8a molecule during T cell development and differentiation could then be gained. 

The advantage of anti-sense, over other methods of gene inhibition, is the possibility of 

having conditional expression. Using a conditional promoter to drive anti-sense 

expression would allow CD8a expression to be up or down regulated at different times 

in mouse development.

The present study produced T lymphocyte and CD8+ L cell transfectant cells with 

several CD8 anti-sense DNA constructs, in which anti-sense DNA was shown to have 

been incorporated into the genome of the cell. However, the study failed to observe 

transcription of these anti-sense DNA constructs, as no anti-sense RNA could be detected 

in the cytoplasm or nuclei of transfected cells.

It is possible that failure to detect anti-sense RNA in the transfected cells was not 

due to a failure in its transcription, but to expression at low levels. If in addition the CD8 

anti-sense RNA were unstable this would explain failure to detect it. Another possibility 

is that anti-sense RNA was expressed and hybridised to CD8 sense mRNA, but that RNA 

duplex molecules were selectively degraded in the nucleus (Bass and Weintraub, 1988). 

If in addition sense RNA was in excess over anti-sense RNA no reduction in CD8 surface
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expression would be obtained. In this respect anti-sense RNA would only have an 

observable effect on surface expression of CD8a molecules once anti-sense expression 

increased sufficiently so that resulting degradation of hybrid RNA molecules led to 

sufficient depletion the CD8 mRNA pool. It is also possible that the increase in RNA 

duplex formation would permit the detection of at least some anti-sense RNA message, 

as reported in other studies (Kim and Wold, 1985).

However, failure in transcription of the transfected anti-sense DNA constructs 

cannot be ruled out. This could be a result of the presence of cryptic transcript 

termination signals in the inverted CD8a sequence. Such signals could occur early on in 

transcription leading to a complete failure in anti-sense RNA expression. Alternatively 

these signals could occur later on in transcription, where premature transcript termination 

would result in shorter lengths of anti-sense RNA. However, the CD8 probe should have 

been adequate to detect shorter messages. Cryptic termination signals are unlikely to 

explain the failure to detect expression of all five antisense DNA constructs, as they were 

assembled from different parts of the CD8a gene. Premature termination of transcription 

could result also from blockage of RNA polymerase by formation of secondary structure 

in regions of the anti-sense RNA, although CD8 anti-sense fragment sequence analysis did 

not predict the formation of such structures. In this case polyadenylation of the transcript 

may fail to occur. It is thought that addition of poly (A) sequences to the 3’ end of newly 

synthesised mRNA species increases their steady state concentration, as de-adenylated 

transcripts are found to be relatively unstable (Drummond et al, 1985). However, CD8 

sense mRNA should form complementary secondary structures to the anti-sense molecules 

and as sense transcription is not affected by these, it is most unlikely that this could 

explain the failure to detect anti-sense RNA.
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Another possibility is that, although anti-sense RNA was expressed, no effect on 

CD8 cell surface expression was observed as the CD8 gene is not susceptible to anti-sense 

RNA inhibition perhaps because elimination of CD8 mRNA would result in a 

corresponding up-regulation of transcription. In this respect anti-sense technology has by 

no means been universally successful. There is strong evidence however that expression 

of CD8 can be regulated by anti-sense RNA, at least in human T cells. During the course 

of the present study, work was published demonstrating anti-sense mediated gene 

inhibition of CDS expression in a human CTL clone (Hambor et al, 1988a). This study 

used a self-replicating Epstein-Barr virus (EBV) episomal replicon (Yates et al, 1985) as 

the vector in the assembly of the anti-sense DNA construct. This vector self-propagates 

extrachromosomally. Expression of anti-sense RNA was promoted by the Rous sarcoma 

virus 3’ long terminal repeat. A 459bp region of the coding segment of human CD8, 

spanning the region coding for amino acid 9-161 of the 214 total residues, was used as 

the anti-sense fragment. Over 95% reduction in CD8 cell surface expression was 

achieved, as judged by flow cytometry. When transfectants were cultured in the absence 

of the selecting antibiotic, levels of CD8 on the cell surface reverted to their original 

levels. This was explained as being due to the loss of the episomal vector when selection 

pressure was removed. The functional consequences of CD8 loss on the cytotoxic and 

proliferative responses of the T cells were examined in a later study (Hambor et al, 

1988b).

This work demonstrated the feasability of using the anti-sense approach to inhibit 

CD8 expression in human CTL. However, the present study failed to show similar 

inhibition in murine cells. The discrepancy between the two studies has possibly more 

to do with the type of expression vectors used, than the species difference. It is possible
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that the levels of anti-sense RNA produced by the episomal expression vector were far 

higher than that expressed by the pHBAPr-l-neo vector, due to the extrachromosomal 

replication and amplification of the former. Unfortunately the study by Hambor et al 

(1988a,b) gave no information on levels of anti-sense RNA in the transfected cells, and 

indeed no clue as to where the anti-sense inhibition was taking place. The episomal 

vector required the presence of the EBV nuclear antigen 1 for autonomous replication and 

so is resident in the nuclei of transfected cells. Presumably the mechanism of anti-sense 

inhibition would therefore be similar to that of chromosomally intergrated anti-sense 

constructs, occurring in the nucleus and blocking RNA processing or transport.

Successful production of anti-sense from the human CD8 constructs makes failure 

in transcription of all the murine CD8 anti-sense DNA constructs an unlikely explanation 

for why no anti-sense RNA was observed in this study. Run-off transcription assays 

could be used to test whether or not the murine CD8 anti-sense constructs can be 

efficiently transcribed. These assays use whole cell extracts, containing RNA polymerase 

II, to accomplish cell free transcription. Transcription of DNA molecules can be assessed 

by determining the size of the RNA transcribed and identifying the sequences by 

conventional Northern blotting.

If the failure of the anti-sense RNA approach in the present study were due to low 

levels of anti-sense RNA expressed in transfected cells, alternative strategies would have 

to be developed to increase this expression. Amplification of the copy number of anti

sense constructs in the cell is one way to achieve this (Kim and Wold, 1985). In this 

respect multicopy episomal vectors have an advantage over vectors which integrate into 

the genome of the cell and replicate as part of the chromosome. However, as observed 

above, removal of transfected cells from selection leads to the gradual loss of the episomal
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vectors. These vectors would therefore be of little use in the production of a stable CD8' 

phenotype in the absence of selecting antibiotics and hence CD8* transgenic mice. For 

this purpose more stable transfection vectors are necessary. The alternative would be to 

use a vector with a stronger promoter than the human 6-actin promoter of the pHBAPr-1- 

neo vector. The production of a CD8 negative mouse, using anti-sense technology, 

depends on finding such a promoter.

Alternative strategies for elimination of CD8 gene expression do however exist. 

One method is "heteroduplex induced mutagenesis". This technique relies on homologous 

recombination between DNA sequences contained in the chromosome and newly 

introduced DNA sequences. Recombination results in the introduction of DNA sequences 

into the target gene (Smithies et al, 1985; Thomas and Capecchi, 1986) allowing specific 

disruption of gene expression. This technique is very powerful and results in a stable 

phenotype. The only drawback is that no control over gene expression, other than 

complete irreversible disruption, can be achieved. Specifically such reversible disruption 

could not be induced in a transgenic animal.

Another method of gene disruption, of wide application, is that of dominant 

negative mutation. This technique relies on the inhibition of the function of a wild-type 

gene product by an over produced inhibitory variant of the same product. This approach 

is discussed in chapter 6.
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Figure 13 Surface expression of CD8 and CD4 by CD8+ L cell transfectants

CD8+ L cells were transfected with either the CD4 cDNA (a) or CD8 anti-sense DNA

constructs, contained in the pHBAPr-l-neo vector (b to h). Cells were stained with either

anti-CD8 mAb YTS 169.4 (b to h) or anti-CD4 mAb GK1.5 (a) and fluorescein conjugated 

Goat anti-Rat IgG as the second layer antibody (dotted profiles). Mean fluorescence 

values are indicated below each profile. Second layer alone was used to determine non

specific fluorescence (solid profiles). The profiles shown were obtained by analysis of 

stained cells with a FACScan using a 488nm argon lazer.

Figure shows CD8+ L cell clones transfected with:

a. CD4 cDNA

b. construct 340as (L340as.l)

c. construct 500as (L500as.l)

d. construct 841as (L841as.l)

e. construct 760as (L760as.2)

f. construct 1.64as (L1.64as.l)

g. construct 500as (L500as.2)

h. construct 760as (L760as.l)
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Figure 14 Anti-sense CD8+ L cell transfectants do not express detectable anti-sense RNA 

in the cytoplasm

Cytoplasmic RNA was prepared (as described in section 2.23) from 2xl06 transfectant 

CD8+ L cells and the total obtained was electrophoresed on a 1.2% formaldehyde/agarose 

gel. Blots were hybridised (as described in section 2.25) with a 32P-labelled full length 

CD8a cDNA probe (1.5 x 107cpm, made by digesting XCD8apUC19 with Bam HI and 

Xho I) washed at high stringency and exposed to Fuji X-ray film at -70°C for 4 days. 

The positions of the 28s (6.3kb) and 18s (2.4kb) ribosomal RNA species are indicated.

A. CD8 anti-sense DNA transfectants and parental CD8+ L cells 

lane 1 : L841as.l

lane 2 : L841as.2 

lane 3 : L340as.3 

lane 4 : L500as.l 

lane 5 : L500as.2 

lane 6 : L760as.l 

lane 7 : L760as.2 

lane 8 : L1.64as.l 

lane 9 : L1.64as.2 

lane 10 : L340as.4 

lane 11 : CD8+L cell

B. CD8 sense DNA transfectants 

lane 1 : L841s.l
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Figure 15 Anti-sense CD8+ L cell transfectants contain integrated anti-sense construct

DNA

Genomic DNA was isolated from 3xl06 transfectant CD8+ L cells. lOpg of DNA was 

digested overnight with Bam HI (A) or Sac I (B). Blots were hybridised (as described 

in section 2.26) with the full length CD8a cDNA probe, washed at high stringency and 

exposed to Fuji X-ray film at -70°C. Exposures at both 7 days (upper panels) and 2 days 

(lower panels) are shown. Molecular weight markers are indicated in kb units.

A. CD8 anti-sense DNA transfectants and parental L cells 

lane 1 : L841as.l

lane 2 : L841as.2 

lane 3 : L500as.l 

lane 4 : L500as.2 

lane 5 : L760as.l 

lane 6 : L760as.2 

lane 7 : L1.64as.l 

lane 8 : L1.64as.2 

lane 9 : CD8+ L cell

B. CD8 sense DNA transfectants 

lane 1 : L342as.3

lane 2 : L342as.4 

lane 3 : L342as.5
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Figure 16 Anti-sense transfected CD8+ L cells do not contain detectable anti-sense RNA 

in their nuclei or cytoplasm

Total cellular RNA was prepared from 2xl07 transfectants CD8+ L cells (as described in

section 2.22). lOpg of RNA was electrophoresed on a 1.2% formaldehyde/agarose gel and

blotted. Blots were hybridised with a 32P-labelled full length CD8a cDNA probe (2 x

107cpm, as described in section 2.25), washed at high stringency and exposed to Fuji X-

ray film at -70°C for 3 days. The positions of the 28s (6.3kb) and 18s (2.4kb) ribosomal

RNA species are indicated.

lane 1 : CD8+ L cell

lane 2 : L841as.l

lane 3 : L500as.l

lane 4 : L760as.2

lane 5 : L1.64as.2
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Figure 17 Surface expression of CD8 and CD4 by C6.1 transfectants

C6.1 transfectants were stained with either the anti-CD8a mAb YTS 169.4 or the anti-CD4 

mAb GK1.5 as the first layer antibody and with fluorescein conjugated Goat anti-Rat IgG 

as the second layer antibody (dotted profiles). Mean fluorescence values are indicated 

below each profile. Second layer alone was used to determine non-specific fluorescence 

(solid profiles). The profiles shown were obtained by flow cytometry of stained cells. 

The figure shows C6.1 cells transfected with CD4 (a) and the 84las (CD8 anti-sense) 

construct transfectants C841as.l (b) and C841as.2 (c). CD8 expression by untransfected 

C6.1 cells was similar to that of the anti-sense transfectants in several independent 

stainings, with a mean fluorescence of between 540 and 575 (data not shown).
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Figure 18 C6.1 anti-sense transfectants contain integrated DNA constructs but do not 

express detectable cytoplasmic anti-sense RNA

A. Cytoplasmic RNA was prepared from 2xl06 transfected C6.1 cells and blotted.

B. Genomic DNA was isolated from 3X106 transfected C6.1 cells and lOpg was digested 

overnight with Bam HI and blotted.

Blots were hybridised (as described in section 2.25) with a full length CD8a cDNA probe, 

washed at high stringency and exposed to Fuji X-ray film at -70°C for 4 days. The 

positions of the 28s (6.3kb) and 18s (2.4kb) ribosomal RNA species are shown in (A), and 

molecular weight markers in kb units are indicated in (B).

A. Northern blot of CD8 anti-sense DNA C6.1 trasnfectants 

lane 1 : C841as.6

lane 2 : C841as.l 

lane 3 : C841as.2 

lane 4 : C841as.5

B. Southern blot of CD8 anti-sense DNA C6.1 transfectants 

lane 1 : C841as.6

lane 2 : C841as.l 

lane 3 : C841as.2 

lane 4 : C841as.5





136

Chapter 6 Dominant Negative Mutation

6.1 Introduction

Whilst working on the anti-sense approach, an alternative technique of achieving 

disruption of CD8a expression was investigated. Dominant negative mutation is a 

potentially powerful way to regulate CD8a expression. It relies on competition at the 

protein level, of a wild-type subunit and an inhibitory variant, in in the assembly of the 

final molecular complex. As the CD8a molecule appears on the cell surface as a 

disulphide linked dimer with CD86 or as a homodimer, it is susceptible to such a 

technique. The approach used in the present study relies on the trafficking properties of 

a viral protein.

The transport of viral proteins has come under close scrutiny in studies attempting 

to unravel the complex process of intracellular protein trafficking. One such protein, the 

El glycoprotein of the coronavirus Mouse Hepatitis Virus A59, has been used by 

Armstrong et al (1990) as a model to study targeting to various intracellular 

compartments. The El protein is located in Golgi complex of virally infected cells and 

can only reach the surface of the cell as part of the budded virion. The SP6 in vitro 

transcription system was used to produce mRNA coding for the El protein (Armstrong 

et al, 1987) and this RNA was microinjected into Xenopus oocytes and monkey CV1 

cells. In both cell types the expressed protein was localised to the Golgi complex. 

Deletional studies were then used to investigate the signals required for such localisation 

in the absence of the virus (Armstrong et al, 1990).

The El protein has been shown to consist of a short N-terminal domain projecting
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into the lumen, three successive putative trans-membrane domains and a large, 

cytoplasmic domain folded into a proteolytic resistant conformation (Armstrong et al, 

1984; Rottier et al, 1984) (see Figure 19). Mutant El molecules were created by deletion 

of the first and second trans-membrane domains (E1AA), the second and third trans

membrane domains (E1AB) and of 40 amino acids from the cytoplasmic tail (ElAC) 

(Figure 19). When RNA coding for the mutant molecules was microinjected into either 

Xenopus oocytes or CV1 cells, the E1AA and El AC proteins were transported to the 

lysosomal compartment, while the E1AB protein was found localised in the endoplasmic 

reticulum (ER).

In a further study, Armstrong and Patel (in press) made hybrid molecules between 

the external domain of Thyl and the El mutant molecules. The addition of the Thyl 

domain was found not to influence the intracellular compartmentalisation of the parent El 

mutants. This opened up possibilities of redirecting the transport of other cell-surface 

proteins, like CD8, by attaching them to these mutant molecules.

The feasability of such an approach was underlined by studies on viral retention 

signals of the Adenoviral trans-membrane E3/19K glycoprotein by Nilsson et al (Nilson 

et al, 1989). This protein is localised to the ER of infected cells. Nilsson et al (1989) 

showed that the protein contained a retention signal consisting of the last 6 amino acids 

of the cytoplasmic tail, and that this signal was necessary and sufficient for retention of 

the molecule in the ER. This retention signal was then attached to the CD4 and CD8 

molecules by replacement of their cytoplasmic tails with that of the E3/19K protein. 

When transfected into HeLa cells these hybrid molecules failed to be expressed on the cell 

surface and were found to be retained in the ER. This was the first demonstration that 

viral retention signals can be used to redirect CD8 intracellular transport.
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Construction of a hybrid molecule between the external domain of CD8 and the 

mutant El molecules described, would theoretically produce a molecule capable of 

binding endogenous CD8 molecules while retaining the compartmentalisation properties 

of the respective El molecule, if the large El cytoplasmic domain did not sterically hinder 

such an interaction. Such a molecule would probably be retained in the ER or lysosome 

compartment, as appropriate. The dominant negative strategy would only work if such 

a molecule would dimerise with CD8 polypeptides and cause their retention in the 

respective compartment. Over-expresssion of CD8/E1 molecules in a cell would then be 

expected to cause retention of all synthesised CD8 molecules in the ER or lysosomes. If 

that were the case then transfection of a CD8+ cell with a DNA construct coding for such 

an CD8/E1 hybrid molecule would result in a reduction in cell surface expression of CD8 

molecules.
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6.2 Results

Construction o f dominant negative vectors:

Hybrid DNA molecules were made by splicing the external domain of CD8 with 

the truncated El variant molecules (Figure 20). The CD8 portion was obtained from the 

X7-5RVpUC19 plasmid, derived from the X7-5pUC19 plasmid by the introduction of an 

Eco RV restriction enzyme site at the junction between the regions of the cDNA coding 

for the transmembrane and the external domain of CD8 (Zamoyska et al, 1989; Figure 

20). The 200bp region of CD8 coding for the transmembrane and cytoplasmic domains 

was excised from the plasmid by digestion with Eco RV and Sal I. Blunt-end 

complementary ligation was then used to join the remaining CD8 cDNA to El viral DNA 

fragments, producing the CD8/E1 hybrid DNA constructs. These constructs were 

subcloned into the pHBAPr-l-neo expression vector. Restriction endonuclease analysis 

was used to confirm that the constructs were correct (Figure 21).

Transfection into VL3.1:

The constructs generated were tested for their effectiveness at down-regulating 

CD8a expression. This was done by transfection into the CD4+CD8+ thymoma, VL3.1 

(by electroporation) and the CD8+ L cell line (by calcium phosphate precipitation). 

Transfection of VL3.1 cells with these constructs resulted in a reduction in the cell surface 

expression of CD8 in some of the transfectants (Figure 22), while levels of CD4 were 

unaffected. However, a decrease was also seen in the transfections where the pHBAPr-1- 

neo vector was transfected alone. Cytoplasmic RNA was made from these cells and 

blotted to deduce whether the decrease in CD8 levels seen was specific or had an 

alternative explanation (Figure 23). Initially the blots were probed for expression of the
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neo mRNA. The 3.7kb neo mRNA band can be seen in lane number 7, which contains 

RNA from a control CD8 cDNA transfected hybridoma. Only one of the CD8/E1 

transfectants, VCD8/E1A.1, (Figur 23, lane 2) expresses neo mRNA of the correct size. 

However this transfectant did not express message for the CD8/E1 construct as determined 

by probing the blot with a CD8 cDNA probe (data not shown).

The VL3/1 thymoma expresses both CD8 and CD4 molecules on it’s cell surface 

stably in culture, and loss of cell surface expression of these molecules had not been 

observed during their maintenance. From this it was concluded that the thymoma lost 

expression of CD8 as a result of the stress during the transfection procedure. It is 

possible that the CD4+CD8+ thymocyte, from which the thymoma was derived, was 

precommitted to the CD4 single positive lineage and for this reason it lost only CD8 

expression when exposed to stress. Whatever the reason, the non-specific loss of CD8 

made this cell highly unsuitable for further transfection studies.

Transfection into CD8 positive L cells:

Transfection of hybrid constructs into CD8+ L cells produced G418 colonies which 

did not vary greatly in their expression of CD8a, apart from transfectant LCD8/E1C.4 

which expressed markedly reduced levels of CD8 (Figure 24d). Bulk transfections were 

subcloned and several transfectants were then analysed for expression of CD8/E1 RNA 

(Figure 25). Cytoplasmic RNA was isolated, blotted and probed with the CD8 cDNA 

probe. All transfectants apart from LCD8/E1C.4 (lane 5) show expression of the CD8a 

5kb and 2kb mRNA bands, with no additional bands which would correlate with CD8/E1 

mRNA. This was suprising as a parallel transfection of the CD4 cDNA, contained in the 

same vector, gave rise to CD4 expression by 75% of the G418 resistant clones.

Genomic DNA was then prepared from the L cell transfectant clones to see
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whether they had integrated the CD8/E1 constructs. DNA was made from a total of six 

transfectants (Figure 26A), digested with Bam HI, blotted and probed with the full length 

CD8 cDNA fragment. If present the transfected CD8/E1 constructs would migrate as 

bands of approximately 1 lkb. No such bands were seen. The 6.2kb and 3.2kb Bam HI 

fragments of the transfected genomic CD8 DNA were present in all the cells apart from 

LCD8/E1C.4, in which they were completely absent. The loss of CD8a expression was 

obviously due to the loss of the transfected CD8 gene, and not expression of the hybrid 

molecules, as was the case for the anti-sense transfectants (chapter 5).

These results show that the transfectant clones did not contain the transfected 

constructs, even though parallel transfection experiments with CD4 were successful. A 

possible explanation for this is contained in the method of isolation of transfectant clones 

from the CD8+ L cell transfections. Initially the cells were transfected and selected as 

bulk populations, after which they were subcloned and individual clones isolated and 

screened for expression of the transfected construct. However, if the CD8/E1 constructs 

conferred a growth disadvantage on the cells containing them, cells which had not 

incorporated the viral constructs would be preferentially isolated by this technique. This 

possibility could be tested by analysing the DNA of the bulk transfectants, which would 

still be expected to contain the construct DNA molecules.

Genomic DNA was isolated from LCD8/E1A, LCD8/E1B and LCD8/E1C bulk 

transfectant cultures. The DNA was digested with Eco RI, electrophoresed, Southern 

blotted and probed with the CD8 cDNA probe (Figure 26B). The transfected CD8 gene 

gives rise to Eco RI fragments migrating at 2.4kb, 0.88kb and 0.78kb in all the analysed 

transfectants. In addition a 0.35kb Eco RI fragment can also be seen in all three lanes, 

although this band is significantly less intense than the transfected genomic CD8 bands.
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This species correlates with the internal 342bp CD8a fragment contained in all three of 

the hybrid DNA constructs. However, the additional 5.7-5.8kb Eco RI fragment from the 

hybrid DNA constructs is not visible in digested DNA from any of the three transfectants. 

It is possible that multiple clones of cells in the bulk culture contain single copies of the 

transfected construct, and thus only the internal fragment would show up on the blot with 

the observed intensity. The reason for this is that the internal fragment remains constant 

while the size of the flanking fragments would depend on the integration sites of the 

transfected DNA, and the distance from the nearest Eco RI site in the genome. Thus it 

would appear that at least a fraction of the bulk mouse L cell transfectants do contain the 

CD8/E1 hybrid construct DNA integrated in their genome.
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6.3 Discussion

The dominant negative mutation was used as an alternative strategy to anti-sense 

RNA to attempt to down-regulate the surface expression of CD8 molecules. This 

approach relied on the compartmentalisation properties of the mutant El viral proteins and 

in common with the anti-sense strategy, it retained the possibility of being inducible. 

Hybrid molecules were made by splicing together DNA coding for part of the CD8 

molecule and the mutant viral proteins. VL3.1 and CD8+ L cells were transfected with 

these hybrid constructs in the hope that the hybrid protein molecules would dimerise with 

CD8 polypeptides and cause their retention in the ER or lysosomal compartments. VL3.1 

cells proved to be of little use in this study since they non-specifically lost expression of 

the CD8 molecule. Although analysis of bulk L cell transfectants showed that hybrid 

DNA molecules did integrate into the genome of the L cells no decrease in surface 

expression of CD8 molecules was observed.

Examination of transfectant L cell clones, established from the bulk cultures, failed 

to detect genomically integrated hybrid construct DNA or hybrid molecule cytoplasmic 

mRNA. This correlated with the lack of reduction in cell surface expression of CD8 in 

the clones. Although one L cell transfectant clone was shown to have decreased levels 

of CD8 on its cell surface, this was found to be due to loss of the transfected CD8 gene.

Taken together this evidence suggests that the hybrid CD8/E1 molecules may be 

deleterious or lethal to cells expressing them. This would explain why L cell bulk 

transfection cultures could be shown to contain a population of cells with the transfected 

hybrid DNA, and yet this population was lost when clones were established from the bulk 

cultures. The studies on cellular localisation of the El and mutant derivative proteins
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were based on microinjection of viral protein RNA into cells and did not involve 

maintenance of stably transfected cell lines (Armstrong et al, 1987; Armstrong et al,

1990). Hence these studies would not detect any deleterious or lethal effects of viral 

protein expression on cells containing these molecules.

The present study could not determine therefore whether the dominant negative 

mutation approach would work using El derived hybrid molecules. It is possible that 

such an approach would be more feasible using smaller parts of a viral protein, such as 

those used by Nilsson et al (1989), sufficient to cause intracellular relocation of molecules 

containing them without deleterious effects on cell viability.
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Figure 19 Schematic representation of Coronavirus E l protein and mutant molecules

The schematic diagram illustrates the Coronavirus E l protein and E1AA, E1AB and 

E l AC mutant derivatives. The E l glycoprotein is located in the Golgi complex of 

virally infected cells or cells injected with E l mRNA (Armstrong et al, 1987). The 

protein molecule consists of a short N-terminal domain, three putative trans- 

membrane domains and a cytoplasmic domain (Armstrong et al, 1984; Rottier et al, 

1984). Deletion mutant molecules were produced lacking the first and second trans- 

membrane domains (El A A), the second and third transmembrane domains (E1AB) 

and 40 amin acids from the cytoplasmic tail (El AC) (Armstrong et al, 1990). The 

cellular localisation of the mutant molecules was shown to be different from the 

parental E l molecule, by mRNA microinjection studies. E l A A and E l AC became 

preferentially localised in the lysosomal compartments and E1AB in the endoplasmic 

reticulum.
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Figure 20 Schematic diagram of the construction of dominant negative vectors

The p8-ElAA, p8-ElAB and pSPT-ElAC plasmids were the kind gift of Dr. J. Armstrong, 

ICRF, London. El fragments were isolated from these plasimds by digestion with Sal I 

and Sea I. The XCD8apUC19 vector was digested with Eco RV and Sal I, to remove the 

200bp 5’ CD8a fragment, and ligated to the El fragments producing the XCD8/E1A, 

XCD8/E1B and XCD8/E1C constructs. The CD8/E1 hybrid DNA fragments were then 

excised from these vectors, by digestion with Xho I and Hind III. These were ligated to 

the Xho I/Hind III digested pHBAPr-l-neo vector, giving rise to the pHBAPr-CD8/ElA, 

pHBAPr-CD8/ElB and pHBAPr-CD8/ElC constructs.
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Figure 21 Restriction endonuclease analysis of dominant negative DNA constructs

Restriction endonuclease digestion was performed on mini-prep DNA. Digests were 

electrophoresed on 1.2% agarose gels and DNA visualised by incorporation of ethidium 

bromide. Molecular weight markers are shown in kb units. Actual fragment sizes, as 

predicted, produced by the digests are shown below in brackets.

A. XCD8/E1A, XCD8/E1B and XCD8/E1C hybrid constructs were digested with Xho 

I and Sal I to confirm that they were correct, as this digest excises the hybrid CD8/E1 

DNA fragment from all three constructs

lane 1 : lkb ladder

lane 2 : XCD8/E1A (2.7kb + lkb fragments) 

lane 3 : XCD8/E1B (2.7kb + 1.2kb fragments) 

lane 4 : XCD8/E1C (2.7kb + 1.3kb fragments)

B. pHBAPr-CD8/ElA, pHBAPr-CD8/ElB and pHBAPr-CD8/ElC hybrid constructs were 

digested with Hind HI and Xho I to confirm that they were correct, as this digest excises 

a fragment containing the hybrid CD8/E1 DNA fragment from all three constructs 

lane 1 : lkb ladder

lane 2 : pHBAPr-CD8/ElA (9kb + 2kb fragments) 

lane 3 : pHBAPr-CD8/ElB (9kb + 2.2kb fragments) 

lane 4 : pHBAPr-CD8/ElC (9kb + 2.3kb fragments)
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Figure 22 Surface expression of CD8 and CD4 by VL3.1 thymoma cells and dominant 

negative transfectant derivatives

VL3.1 transfectants were stained with either the anti-CD8a mAh YTS 169.4 (b to g) or 

the anti-CD4 mAb GK1.5 (a) as the first layer antibody and with fluorescein conjugated 

Goat anti-Rat IgG as the second layer antibody (dotted profiles). Mean fluorescence 

values are indicated below each profile. Second layer alone was used to determine non

specific fluorescence (solid profiles). The profiles shown were obtained by flow 

cytometry of stained cells.

Figure shows VL3.1 cells transfected with:

a. untransfected VL3.1 (CD4 expression)

b. untransfected VL3.1 (CD8 expression)

c. construct CD8/E1A (VCD8/E1A.1)

d. construct CD8/E1A (VCD8/E1A.5)

e. construct CD8/E1B (VCD8/E1B.1)

f. construct CD8/E1B (VCD8/E1B.6)

g. construct CD8/E1C (VCD8/E1C.1)
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Figure 23 Reduction in surface expression of CD8 does not correlate with transfection

of VL3.1 cells with hybrid constructs

Cytoplasmic RNA was prepared from 2xl06 VL3.1 cells, blotted and hybridised (as

described in section 2.25) with a 32P-labelled 760bp neo probe (1.5 x 107cpm), made by

digesting the pSV2-neo vector with Pvu II (Southern and Berg, 1982). The blot was

washed at high stringency and exposed to Fuji X-ray film at -70°C for 4 days. The

positions of the 28s (6.3kb) and 18s (2.4kb) ribosomal RNA species are indicated.

lane 1 : untransfected VL3.1

lane 2 : VCD8/E1A.1

lane 3 : VCD8/E1A.5

lane 4 : VCD8/E1B.1

lane 5 : VCD8/E1B.6

lane 6 : VCD8/E1C.1

lane 7 : H8 control CD8 transfectant (see chapter 7)

9
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Figure 24 Surface expression of CD8 by dominant negative transfected CD8+ L cells

CD8+ L cells transfected with dominant negative constructs, contained in the pHBAPr-1- 

neo vector, were stained with the anti-CD8 mAb YTS 169.4 as the first layer antibody, and 

fluorescein conjugated Goat anti-Rat IgG as the second layer antibody (dotted profiles). 

Mean fluorescence values are indicated below each profile. Second layer alone was used 

to determine non-specific fluorescence (solid profiles). The profiles shown were obtained 

by flow cytometry of stained cells.

Figure shows CD8+ L cells transfected with:

a. construct CD8/E1A (LCD8/E1A.8)

b. construct CD8/E1A (LCD8/E1A.9)

c. construct CD8/E1C (LCD8/E1A.1)

d. construct CD 8/E 1C (LCD 8/El A.4)

e. construct CD8/E1B (LCD8/E1A.1)

f. construct CD8/E1B (LCD8/E1A.2)
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Figure 25 CD8+ L cell transfectant clones do not express dominant negative cytoplasmic 

mRNA

Cytoplasmic RNA was prepared from 2xl06 transfectant CD8+ L cells, blotted and

hybridised (as described in section 2.25) with a full length CD8a cDNA probe. Blots

were washed at high stringency and exposed to Fuji X-ray film at -70°C for 4 days. The

positions of the 28s and 18s ribosomal RNA species are indicated.

lane 1 : LCD8/E1B.1

lane 2 : LCD8/E1B.2

lane 3 : LCD8/E1A.8

lane 4 : LCD8/E1A.9

lane 5 : LCD8/E1C.4

lane 6 : LCD8/E1C.1
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Figure 26 CD84- L cell bulk but not clone transfectants contain integrated dominant 

negative construct DNA

Genomic DNA was isolated from 3xl06 CD8+ transfectant cells. lOpg of DNA was 

digested Bam HI (A) or Eco RI (B) and blotted. Blots were hybridised (as described in 

section 2.26) with a full length CD8a cDNA probe, washed at high stringency and 

exposed to Fuji X-ray film at -70°C for 4 days. Exposures at both 7 days (upper panels) 

and 2 days (lower panels) are shown. Molecular weight markers are indicated in kb units.

A. Dominant negative transfectant subclones 

lane 1 : LCD8/E1B.1

lane 2 : LCD8/E1B.2 

lane 3 : LCD8/E1C.1 

lane 4 : LCD8/E1C.4 

lane 5 : LCD8/E1A.8 

lane 6 : LCD8/E1A.9

B. Dominant negative bulk transfectants 

lane 1 : LCD8/E1A

lane 2 : LCD8/E1B 

lane 3 : LCD8/E1C



1 2 3 4  5 6 1 2  3

I
- 9

- 6
- 4

- 2

B

- 1.6

- 0 . 5

1 2 3 4 5 6 1 2  3

- 0 .5



161

Chapter 7 Functional Studies on Phosphorylation of the CD8 

Cytoplasmic Tail

7.1 Introduction

Evidence supporting a signalling role for the CD8 and CD4 molecules during T 

cell activation has been confirmed by studies on the function of their cytoplasmic domains 

(Zamoyska et al, 1989; Letoumeur et al, 1990). These studies showed that the alternately 

spliced version of the CD8 gene (section 1..1), the "tailless" CD8a’ molecule, was not as 

efficient as the CD8a molecule at restoring antigen responsiveness of a T cell hybridoma. 

In addition the CD4 cytoplasmic domain was able to substitute for the CD8a molecule 

in the restoration of responsiveness (Zamoyska et al, 1989). These data suggest that the 

cytoplasmic domains of CD4 and CD8 play an important role in T cell activation.

Association of the CD4 and CD8 cytoplasmic domains with signal transduction can 

be explained in part by their interaction with the p56,ck tyrosine kinase (Rudd et al, 1988; 

Veillette et al, 1988). Zamoyska et al (1989) showed that the ability of the CD8 

molecules to restore T cell hybridoma responsiveness correlated with its ability to interact 

with p56lck. Furthermore, increased tyrosine kinase activity of p56lck and associated 

phosphorylation of the £ subunit of the CD3 complex, can be induced by antibody cross- 

linking of the CD4 molecule (Veillette et al, 1989; Barber et al, 1989).

Although directly linked to the tyrosine phosphorylation pathway through their 

interaction with p561ck, CD4 and CD8 are not themselves substrates for tyrosine 

phosphorylation. However, both molecules are phosphorylated on serine residues during 

T cell activation by antigen or phorbol esters (Acres et al, 1986; Acres et al, 1987; Blue
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et al, 1987) and are involved therefore in the serine phosphorylation cascade.

Serine phosphorylation cascades play a substantial role in T cell activation and 

involve several protein kinases. For example, serine phosphorylation of CD3 y was 

shown to be mediated by protein kinase C (PKC) (Alexander and Cantrell, 1989; 

Alexander et al, 1989a). C-raf has also been implicated in the serine phosphorylation 

pathway. Siegel et al (1990) found that engagement of the TcR resulted in serine 

hyperphosphorylation of c-raf and an increase in its kinase activity. PKC depletion 

abolished this effect leading to the suggestion that c-raf is phosphorylated by PKC during 

T cell activation. These kinases are probably involved in the cascade resulting in 

phosphorylation of both CD4 and CD8.

The murine CD4 molecule contains three serine residues in its cytoplasmic domain 

and all are phosphorylated in response to phorbol esters, although to varying degrees (Shin 

et al, 1990). Substitution of all three residues resulted in loss of CD4 phosphorylation 

and virtually complete abolition of phorbol ester induced CD4 internalisation (Shin et al,

1990). When mutated in such a way, the CD4 molecule was significantly impaired in its 

ability to restore the antigen responsiveness of a T cell hybridoma (Glaichenhaus et al,

1991), although association with p56lck was not affected. Phosphorylation of the CD4 

molecule is therefore an important part of the T cell activation process and may be a part 

of signal transduction through CD4.

Phosphorylation of the CD8 molecule may also play an important role in T cell 

activation and may be linked to signalling through CD8. The present study sought to 

establish how CD8 phosphorylation relates to the function of CD8 and to characterise the 

phosphorylation event.
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7.2 Results 

CD8a mutagenesis:

The CD8a cytoplasmic tail contains two putative sites of phosphorylation, serine 

residues 195 and 216 (Figure 27A). Site-directed mutagenesis was used to produce amino 

acid substitutions at each of the two positions. Attention was focused primarily on serine 

residue 216, as this amino acid was conserved in mouse, man and rat (Figure 27). Four 

substitutions were made at this position. Mutations to alanine and cysteine residues were 

made as conservative changes, based on size and charge, whilst threonine and tyrosine 

substitutions were made to examine whether CD8 might be able to be phosphorylated by 

different intracellular cascades. A mutant CD8a molecule with a cysteine substitution at 

position 195 was also made, as well as a molecule with cysteine substitutions at both 

positions. The substitutions are illustrated in Figure 27.

Mutagenesis was performed on the CD8a cDNA contained in the M13 vector. 

Products of the reactions were obtained by isolation of single stranded DNA. Mutations 

were confirmed by sequencing the single strand preparations, from the 3’ ends, using the 

M13 universal primer and the Sequenase kit. Sequence analysis identified at least one 

mutated CD8a single strand preparation for each of the mutagenesis reactions, as shown 

in Figure 28.

Mutated CD8a cDNAs were subcloned into XpUC19 using Hind III and Sac I 

polylinker restriction sites and then further subcloned into pHBAPr-l-neo using Hind III 

and Xho I sites. The subcloning procedure was verified by digestion of the resulting 

constructs with Hind III and Xho I as shown in Figure 29. The mutant CD8a constructs 

were then transfected into the T cell hybridoma DC27.10 (Gabert et al, 1987) by
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protoplast fusion. A total of 34 transfectants was obtained of which 19 were found to 

express the mutated CD8a molecule on the cell surface by flow cytometric analysis. 

These transfectants were used in several experiments, together with control transfectants 

H8 and H9, produced by transfection of the DC27.10 hybridoma with wild type CD8a 

(Zamoyska et al> 1989).

Characterisation o f CD8 phosphorylation:

The contribution of each serine residue to the phosphorylation of CD8a, in 

response to PMA stimulation of the hybridoma, was assessed. Transfectants were 

incubated with (32P)phosphate at 37°C and activated with 30ng/ml PMA, at 37°C for 20 

minutes. Labelled hybridomas were lysed and immunoprecipitated with either an anti

murine CD8a mAb directly coupled toSepharose beads or control rat Ig, also coupled 

to sepharose. The immunoprecipitates were then electrophoresed on a 12.5% denaturing 

SDS polyacrylamide gel (Figures 30 and 31).

Figure 30A shows that PMA stimulation of transfectant H8 (wild type CD8a) 

causes rapid phosphorylation of the CD8a molecule, as can be seen by the appearance of 

a characteristically diffuse band in lane 1 migrating at approximately 38kD. The band is 

absent in the control immunoprecipitations. CD8a was not found to be constitutively 

phosphorylated, as no phosphorylated CD8a band was immunoprecipitated from 

unstimualted cells (lane 3). This is in agreement with the study by Boyer et al (1989) and 

may be due to either sub-detectable levels or lack of constitutive CD8 phosphorylation in 

these hybridomas. Figure 30A also shows that the CD8 molecule expressed by OL8.3 (ser 

216 to ala) was not phosphorylated in either the presence (lane 5) or the absence (lane 7) 

of PMA. The substitution of ser 216 by an alanine residue was therefore sufficient to 

abolish phosphorylation of the CD8a molecule in response to activation by PMA.
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Phosphorylation of CD8 molecules, with serine 216 substituted for threonine or 

tyrosine residues, was examined in order to determine whether murine CD8 could be a 

substrate for the threonine or tyrosine phosphorylation pathways (Figure 31). PMA 

stimulation of transfectants OL6.3 (ser 216 to thr) and OL7.1 (ser 216 to tyr) did not 

result in phosphorylation of either mutant CD8a molecule (lanes 5 and 9). In addition 

no constitutive phosphorylation of mutant CD8a molecules was observed (lanes 7 and 11). 

Taken together these results show that murine CD8 phosphorylation can only be achieved 

by a specific serine phosphorylation pathway.

In order to confirm that the CD8a molecule is only phosphorylated on serine 

residue 216, CD8 phosphorylation was examined in transfectants containing CD8a 

molecules mutated at position 195 and at both positions 216 and 195 (Figure 30B). PMA 

stimulation of transfectant OL9.5 (ser 195 to cys) results in phosphorylation of mutant 

CD8a molecules (lane 1). Substitution of the serine residue 195 therefore has no effect 

on CD8 phosphorylation. However no CD8 phosphorylation was observed in PMA 

stimulated transfectant OL10.1 (ser 195 and 216 to cys) as shown in Figure 30B, lane 5. 

These results confirm that murine CD8 phosphorylation occurs solely on serine residue 

216.

The phosphorylated CD8a molecule migrated at a higher molecular weight than 

CD8a molecules precipitated in other studies in our laboratory. This is probably due to 

some alteration in the processing of CD8a in the DC27.10 hybridomas, possibly 

alternative glycosylation of the polypeptide. Iodinated CD8a molecules were 

immunoprecipitated from control transfectant H8 (wild type CD8a) to examine migration 

of CD8a polypeptides synthesised by these hybridomas (Figure 32). Iodinated CD8a 

molecules (Figure 32, lane 3) migrated at the same apparent molecular weight as the 32P
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labelled molecules shown in Figures 30 and 31. Phosphorylation was not found to alter 

the migration of CD8a, as can be seen in the iodinated immunoprecipitates from cells 

stimulated with PMA (Figure 32, lane 1).

Antigen-responsiveness of mutant and wild type CD8a transfectants:

The requirement for CD8a phosphorylation in T cell activation was assessed by 

examining the ability of the mutant CD8a molecules to restore antigen responsiveness of 

the DC27.10 hybridoma. This hybridoma responds to the Desire-1 anti-clonotypic mAb 

by production of EL-2, but requires the expression of CD8a molecules to recognise the 

alloantigen H-2Kb (Gabert et al, 1987). The effect of abolishing CD8a phosphorylation 

on the ability of CD8 transfected DC27.10 cells to respond to H-2Kb expressing L cells 

(Samberg et al, 1989) was assessed.

The response of CD8 transfected DC27.10 cells to antigen has been shown to be 

influenced by the levels of both CD8a and TcR expressed on their surface (Zamoyska et 

al, 1989; Letoumeur et al, 1990). In view of this, levels of surface expression of both 

molecules were taken into account in the response of transfectants to antigen. CD8a cell 

surface expression was measured by flow cytometric analysis of transfectants stained with 

an anti-CD8a mAb, while the response of hybridomas to Desire-1, coated onto plastic, 

was taken as a measure of the levels of the MHC class I-specific TcR. In some instances, 

the latter was confirmed by flow cytometry of cells stained with Desire-1.

IL-2 production by mutant and wild type CD8a transfected hybridomas, in 

response to H-2Kb transfected L cells, was assessed in several independent experiments. 

This analysis was complicated by the large variation in surface expression levels of both 

CD8a and TcR molecules on transfectant hybridomas. Figure 33 shows the mean 

response of four representative transfectants. The transfectant expressing CD8a molecules
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mutated at residue 216, by substituting serine with alanine (OL8.5), responded as well to 

antigen as the wild type CD8a transfected control hybridoma (H9). Although comparable, 

variation in responsiveness of these transfectants was observed, and this correlated with 

the levels of CD8a expressed on the cell surface rather than with the ability of the 

molecules to be phosphorylated. Mutation of CD8a molecules at both residues 216 and 

195 (OL10.1) or at residue 195 alone (OL9.5) similarly did not affect the ability of CD8ot 

to restore antigen-responsiveness of the DC27.10 hybridoma (Figure 33).

Two unusual phenotypes were revealed by this analysis. The first was exhibited 

by transfectant OL8.3 (ser 216 to ala). This transfectant responded well to alloantigen and 

expressed high levels of CD8a, but responded poorly to the Desire-1 mAb, as shown by 

a representative assay in Figure 34B. However, the cell could be shown to express high 

levels of TcR, shown by flow cytometric analysis (Figure 34A). The second unusual 

phenotype was shown by transfectants OL8.2 (ser 216 to ala) and OL9.8 (ser 195 to cys). 

These cells expressed normal levels of CD8a and TcR but showed a significant decrease 

in their ability to respond to alloantigen, compaired to the other transfectants. A 

representative assay showing the response of transfectant OL8.2 to antigen, is shown in 

Figure 35. The decrease in antigen responsiveness was only exhibited by these two 

transfectants and was therefore independent of the mutations at residue 216 or 195. Both 

unusual phenotypes are probably due to uncharacterised mutations in the T hybridomas.

Reports on the ability of the CD8 molecule to transduce negative signals (Hiinig, 

1984) raised the possibility that CD8 phosphorylation is involved in this process. In order 

to investigate this, the ability of an anti-CD8a mAb to block the antigen response of wild 

type or mutant CD8 transfected hybridomas was assessed. Differences in the efficiency 

of the anti-CD8a mAb to block antigen responses of these hybridomas was observed, as
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shown in Figure 36. However these differences correlated with the amount of CD8 

expressed and the magnitude of the response by each transfectant rather than with CD8a 

mutation.

Effects o f CD8 phosphorylation on other parameters of T cell activation:

(Study in collaboration with S. Vukmanovic)

CD8 phosphorylation may be involved in other stages of antigen induced T cell 

activation, apart from IL-2 production. Stimulation of T cell hybridomas with anti-TcR 

mAbs or antigen, results not only in IL-2 production but also to cell death, which can be 

measured by the inhibition of cell growth (Ashwell et al, 1987; Mercep et al, 1988) and 

DNA fragmentation (Ucker et al, 1989; Shi et al, 1990). Induction of apoptosis by anti- 

TcR mAb stimulation of DC27.10 hybridomas and CD8a transfected derivatives has been 

previously studied in detail (Vukmanovic and Zamoyska, 1991). Phosphorylation of CD8 

may play a role in the DC27.10 apoptotic response. The effect of abolishing CD8a 

phosphorylation on antigen induced inhibition of cell growth and DNA fragmentation was 

therefore investigated.

In both assays the response to antigen, H-2Kb transfected L cells, was compared 

to the response to untransfected L cells. Antigen induced significant inhibition of 

spontaneous growth in transfectants expressing both wild type CD8a and CD8a mutated 

at amino acid residue 216, as shown in Figure 37. This was in contrast to the lack of 

growth inhibition shown by cells transfected with CD8ot\ which lacks the CD8a 

cytoplasmic domain, demonstrating the clear requirement for hybridoma expression of 

functional CD8a molecules in this response. DNA fragmentation was also induced by 

antigen in both mutant and wild type CD8a transfected cells (Figure 38). Once more the 

fragmentation was not seen in CD8a’ transfected hybridomas. Loss of CD8a
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phosphorylation therefore does not appear to affect either growth inhibition or DNA 

laddering in response to antigen, although removal of the CD8a cytoplasmic domain 

abolishes these responses.
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7.3 Discussion

Although the CD8 molecule is known to be phosphorylated during T cell 

activation, the significance of this event is not clear (Acres et al, 1987). Stimulation of 

CD8 transfected DC27.10 hybridomas with PMA resulted in phosphorylation of the CD8a 

molecule in the present study. In order to examine the function of this phosphorylation, 

site-directed mutagenesis was used to create amino acid substitutions of the two putative 

phosphorylation residues, serine 195 and serine 216. Substitution of residue 216 resulted 

in the complete abolition of PMA induced CD8a phosphorylation in DC27.10 

transfectants. Amino acid substitution at position 195 did not affect the phosphorylation, 

but substitution of both serine 195 and 216 also resulted in the total loss of 

phosphorylation. Serine residue 216 thus appears to be solely responsible for CD8 

phosphorylation. This is in contrast to CD4 phosphorylation which takes place on all 

three cytoplasmic serine residues, to varying extents (Shin et al, 1990). Substitution of 

residue 216 with either threonine or tyrosine residues also abolished CD8 phosphorylation. 

CD8 phosphorylation cannot therefore be achieved by either threonine or tyrosine kinases, 

but is the result of the activation of a serine specific kinase.

The requirement of a functional CD8a cytoplasmic domain for the full restoration 

of DC27.10 antigen responsiveness, has been well established (Zamoyska et al, 1989; 

Letoumeur et al, 1990). However, the ability of CD8 to be phosphorylated does not 

correlate with this function of the CD8a cytoplasmic domain. This was shown by the 

failure to detect any effect of the substitution of serine residue 216 on the antigen 

responsiveness of transfectant hybridomas. Where differences in the level of response 

were seen, they always correlated with the levels of CD8a and functional TcR expression
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on the cell surface of hybridomas. Removal of any one of the phosphorylated serine 

residues in the CD4 molecule has been similarly shown not to affect antigen 

responsiveness (Glaichenhaus et al, 1991). However when all three CD4 cytoplasmic 

serine residues were removed, significant impairement of hybridoma responsiveness was 

observed (Glaichenhaus et al, 1991). In the present study neither the substitution of 

CD8a cytoplasmic serine residue 216, or both of the CD8a serine residues, had any effect 

on responses of hybridomas to antigen. It therefore appears that there is a clear difference 

between the role of CD4 and CD8 phosphorylation during T cell activation.

It is possible that phosphorylation of CD8 plays a role in the transduction of 

negative signals through the CD8 molecule reported by Hiinig (1984). Differences were 

observed in the ability of an anti-CD8a mAb to block the responses of hybridomas to 

antigen. However, these differences correlated with the magnitude of the hybridoma 

response and level of CD8 expressed rather than any effect of the abolition of CD8 

phosphorylation. These findings suggest that if CD8 molecules are involved in negative 

signalling then it is not by virtue of their ability to be phosphorylated.

Although the responses of most of the hybridomas to alloantigen were comparable, 

two transfectants showed an interestingly different phenotype. Although the cells 

expressed comparable levels of TcR and CD8 to the other transfectants, their response to 

alloantigen was significantly impaired. Since this phenotype was unusual, and occured 

in hybridomas containing CD8a molecules mutated at either position, the impaired 

response was almost certainly independent of CD8a phosphorylation. Most probably the 

abnormal phenotype was accidentally isolated.

In order to examine whether CD8 phosphorylation was important in other stages 

of T cell activation, other antigen specific responses of DC27.10 were studied. Antigen
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induced apoptosis in DC27.10 transfectants also required expression of CD8a molecules 

with full length cytoplasmic domains. Hybridomas expressing CD8a’ molecules did not 

exhibit either growth inhibition or DNA fragmentation in response to antigen. However 

removal of the phosphorylation site on CD8a molecules, had no effect on these responses 

by transfected hybridomas. All hybridomas containing the mutant CD8a molecules gave 

responses similar to those containing native CD8a molecules. CD8 phosphorylation does 

not appear to have a role in any of the stages of T cell hybridoma activation examined 

above.

A possible problem with this study is that although phosphorylation has only been 

detected on serine residue 216, the failure to detect phosphorylation of serine 195 may be 

a result of preferential phosphatase action at this site. This was found to be the case for 

CD3 y phosphorylation (Davies et al, 1987). This molecule contains two serine residues 

in the cytoplasmic domain, at positions 123 and 126. Although phorbol ester-induced 

phosphorylation of CD3 y in human T cells, was detected only at serine 126, in 

permeablised cells serine 123 was preferentially phosphorylated (Alexander et al, 1989b). 

This was probably due to the removal of cytosolic phosphatases in permeabilised cells, 

and correlates with previous in vitro studies showing that PKC preferentially 

phosphorylates serine 123 and that phosphatases act preferentially at this site (Davies et 

al, 1987).

PMA induced CD8a phosphorylation would have to be studied in permeabilised 

cells to determine whether serine residue 195 is phosphorylated in vivo. However, even 

if this were true, substitution of this residue did not have any functional consequences on 

antigen responsiveness of transfectant hybridomas. On the other hand, if phosphorylation 

of CD8 is important, then phosphorylation at serine 216 would correlate well with the
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conservation of this residue between mouse, man and rat.

A functional role for CD8 phosphorylation has been suggested by a study 

examining the interaction between CTL and non-antigenic MHC class I molecules 

immobilised on plastic (O’Rourke et al, 1990). Binding of CTL to these MHC molecules 

was only seen when the T lymphocytes were stimulated with soluble anti-TcR mAbs. In 

this case binding was blocked by the addition of soluble anti-CD8 mAb, leading to the 

sugestion that the enhanced adhesion was mediated by CD8 molecules. It was suggested 

that perturbation of the TcR with antibodies generates a signal resulting in CD8 binding 

to the MHC class I molecules. Furthermore since protein kinase inhibitors also inhibited 

this phenomenon, it was suggested that phosphorylation may be responsible for the 

conversion of CD8 from a low-affinity to a high-affinity state on TcR signalling.

The DC27.10 hybridomas require expression of at least the CD8a external domain 

in order to make any response to antigen (Zamoyska et al, 1989; Letoumeur et al, 1990). 

Presumably this is due to adhesion between MHC class I molecules and the CD8a 

external domain. Therefore if CD8 phosphorylation played a role in TcR-MHC adhesion, 

then removal of CD8 phosphorylation sites would be expected to significantly impair the 

antigen response of hybridomas expressing the mutant CD8a molecules. The present 

study did not find such impairement. As transfectants with varying levels of CD8a 

expression were analysed it is improbable that this role of CD8 phosphorylation was 

missed due to overexpression of CD8a by transfectants. A possible explanation for this 

inconsistency is that the density of MHC class I molecules immobilised on plastic 

(O’Rourke et al, 1990) may be significantly higher than that expressed on the stimulator 

cells in the present study. If this were true enhanced TcR-MHC interactions produced by 

mAb stimulation of the TcR would not necessarily occur in vivo, and the relevance of
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CD8 phosphorylation to such interactions would have to be questioned.

It may be that phosphorylation of CD8 is important as a down-regulatory signal, 

rather than as part of the activation signal. In this respect mutation of the serine residues 

in CD4 has been shown to virtually abolish PMA induced CD4 internalisation (Shin et 

al, 1990). Furthermore, the extent of phosphorylation on each serine residue correlated 

well with the contribution of that residue towards internalisation of the mutant molecules. 

CD4 internalisation upon stimulation of CD4+ cells may be a mechanism of regulating the 

T cell response. It is possible that CD8 phosphorylation may also be involved in down- 

regulation of T cell activation. Although most studies agree that CD8 is not internalised 

in response to PMA (Kaldjian et al, 1988; Acres et al, 1987; Rudd et al, 1989), antigen 

or PMA induced phosphorylation of CD8 may part of a post-activation down-regulatory 

signal. Whether it is involved in regulation T cell activation or not, more detailed study 

of the role of CD8 phosphorylation will rely on examination of the intracellular 

phosphorylation cascades.

The CD4 and CD8 molecules have been linked to the tyrosine phosphorylation 

cascade by virtue of their association with the tyrosine kinase p56,ck (Rudd et al, 1988; 

Veillette et al, 1988). The tyrosine kinase activity of p56lck can be increased by mAb 

cross-linking of the CD4 molecule (Veillette et al, 1989; Barber et al, 1989). However, 

it is unlikely that phosphorylation of CD4 is involved with p56,ck function as CD4 

molecules mutated at all three serine residues, and with a decreased ability to confer 

antigen responsiveness, do not show any differences to wild type CD4 in p56lck association 

(Glaichenhaus et al, 1991). This is also probably true for CD8 as loss of CD8 

phosphorylation does not affect antigen responsiveness but loss of p56,ck association does, 

shown by the inability of CD8a’ molecules to fully restore the antigen response of
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DC27.10 cells (Zamoyska et al, 1989). Restoration of full hybridoma antigen 

responsiveness could be achieved by expression of the CD8a molecule or a hybrid 

CD8a/CD4 molecule containing the CD4 cytoplasmic domain. This is in contrast to the 

study by Glaichenhaus et al (1991) who showed that the CD8a cytoplasmic domain was 

not able to substitute for the CD4 cytoplasmic domain in conferring enhanced antigen 

responsiveness of an MHC class II specific T hybridoma. It is possible that this is due 

to a difference between the function of CD4 and CD8 molecules during T cell activation.

It is also possible that the role of p56lck in CD8 function is not analogous to that 

in CD4 function. Evidence for this comes from the finding that although p56,ck dissociates 

from CD4 as a result of T cell activation, it does not dissociate from CD8 molecules 

(Hurley et al, 1989). Indeed the fraction of total cellular p56lck associated with CD8 is 

much lower than that associated with CD4 (Veillette et al, 1988; Hurley et al, 1989; 

Glaichenhaus et al, 1991). This may be due to the association of other kinases with the 

CD8 molecule and suggests that p56,ck may contribute to different degrees in the 

activation of CD4+ and CD8+ T cells. If this were true then the effect of CD8 

phosphorylation on kinase activity of another, as yet unidentified kinase molecule, would 

have to be investigated. One way to examine this would be to immunoprecipite 

phosphorylated molecules with phosphotyrosine antibodies, from activated hybridomas 

expressing wild type and mutant CD8a molecules.

The possibility remains, however that the functional consequences loss of CD8 

phosphorylation have been missed or overlooked because they were examined in DC27.10 

hybridomas. In view of this, more detailed analysis of CD8 phosphorylation could be 

carried out using either hybridomas derived from MHC class I-reactive T cells or CD8 

negative T cell clones. The latter could be used to study the effect of CD8
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phosphorylation on the cytotoxicity as well as IL-2 production.

Lastly CD8 phosphorylation, although occuring on CD8a, may play a role in 

signalling through the CD86 molecule. CD8B may in this way be involved in the 

enhanced recognition of MHC molecules by the CD8 heterodimer, although CD8B does 

not appear to enhance the antigen responsiveness of DC27.10 cells expressing CD8a 

molecules (Letoumeur et al, 1990). The present study only examined antigen 

responsiveness of hybridoma transfectants expressing CD8aa homodimers. MHC class 

I binding by hybridomas expressing both CD8B and CD8a molecules could be used to 

examine the effect of CD8 phosphorylation on possible CD8B function.

It remains unclear what role CD8 phosphorylation plays in T cell activation, or 

indeed at which stage of activation to look for such a role. The most promising approach 

to this problem is the study of the intracellular phosphorylation cascades that mediate T 

cell activation. It is most probable that CD8 phosphorylation is an important part of these 

cascades.
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Figure 27 Mutagenesis of the two serine residues in the mouse CD8a cytoplasmic 

domain

A. Amino acid sequence of the CD8 cytoplasmic domain from mouse, rat and man. 

Stars represent identical residues. Murine CD8a serine residue 216 is conserved in all 

three species.

B. Site-directed mutagenesis of CD8a cDNA resulted in the amino acid substitutions, at 

residues 195 and 216, shown in the diagram. Oligodeoxyribonucleotide sequences used 

in the mutagenesis reactions are shown along side the appropriate substitutions. Codons 

specifying amino acid substitutions are shown in upper case.



A

Cytoplasmic Domain

195 216
Mouse C D 8 a  -  h r s r k r v c k c p r p l v r q e g k p r p s e k i v

Human C D 8 a  -  * * n * r * * * * * * * * v * k s g d * * s l * a r y *

Rat C D 8 a  -  * *N*R** * * * * * * * *

B

residue
_____________________  oligonucleotide

mutant 195 216 sequence

oL5 - Ser to Cys a a t t t t c t c A C A a g g t c t g g
oL6 - Ser to Thr a a t t t t c t c T G T a g g t c t g g
oL7 - Ser to Tyr a a t t t t c t c A T A a g g t c t g g
oL8 - Ser to Ala a a t t t t c t c T G C a g g t c t g g
oL9 - - a c g c t t t c g A C A c c t g t g g t a

o L I O  Ser to Cys Ser to Cys a c g c t t t c g A C A c c t g t g g t a
+

a a t t t t c t c A C A a g g t c t g g
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Figure 28 Confirmation of mutagenesis reactions by DNA sequence analysis

Complementary CD8a sequences of mutated cDNAs are shown. Single stranded DNA 

was isolated from M l3 plaques and sequencing reactions were carried out with the 

Sequenase DNA sequencing kit and the Ml 3 universal primer. The sequence gel was 

dried and exposed to Fuji X-ray film at room temperature for 4 days. Sequences are read 

from left to right as GATC. Codons specifying residues 195 and 216 are indicated by 

vertical bars. The wild type TCG sequence at position 195 is mutated to ACA in mutants 

ol9 and ollO. At position 216 the wild type AGT sequence is mutated to: ACA in ol5, 

TGT in ol6, ATA in ol7, CGT in ol8 and ACA in mutant ollO. Mutant cDNAs were 

generated at frequencies of 1/4 (ol5), 1/2 (ol6), 3/4 (ol7), 1/6 (ol8) and 5/6 (ol9 and ollO).



C
D

8a
 

w
il

d
se

qu
en

ce
 

ty
pe

 
0L

8 
oL

5 
0L

6 
oL

7 
oL

9 
oL

10 i i
mi it t n ii

I II ill M l I. I I
m . , | ! | ; j f

I
I f II I

#  *

I ill I H I 11
I I  I I I HI III I I
II. I I I  II

I I I  I 1 1  I 111 ll I

m m j j p u  j i

ui. I Hi
1 j 11 11

  B I J,I ML Jill ,
II II f .  I III

I !  ! I ! I I I  IE ! a

I ..LI

l i l i l l l i !  H I M  I I I  I I  l ; l  I I  I I
HI J  I - Hi A t  Jill IIIIJ H
L W 1 W I !  t " V : "  : , L

■ H  I I I  II.. .1 J l» l I f l h f j ]  ,, ^ . T T J

1

, l l !  H  m ' i n i 1 1 11 i ' W Y *

mi 111 11 1 111 I 1
D I  1 1 1 1I 1 i I i 1 I i fii 1 ji r

1 1 l l l l l l  1 1 1 1  1 .  „  I I ,  I 1,1,1
m in i  1 1  m m i  n i m  
. . .  1 1 1  11 1 1 1 1 1

■ i n  1 1 1 1 1 ( 3 1 . 1 1  i t  i i n  n

LO
<J) CD

C\j



181

Figure 29 Restriction endonuclease analysis of mutant CD8a constructs

Restriction endonuclease digestion was performed on mini-prep DNA. Digests were 

electrophoresed on 1.2% agarose gels and DNA visualised by incorporation of ethidium 

bromide. The molecular weight markers are shown in kb units. Actual fragment sizes, 

as predicted, produced by the digests are shown below in brackets.

Mutant CD8a cDNAs were excised from the pHBAPr-l-neo vector by digestion of 

constructs with Hind ID and Xho I, in order to confirm that the constructs were correct 

lane 1 : lkb ladder

lane 2 : pHBAPr-l-neo (only 9kb fragment shown)

lane 3 : ol5 (9kb + 1.84kb fragments)

lane 4 : ol6 (9kb + 1.84kb fragments)

lane 5 : ol7 (9kb + 1.84kb fragments)

lane 6 : ol8 (9kb + 1.84kb fragments)

lane 7 : ol9 (9kb + 1.84kb fragments)

lane 8 : ollO (9kb + 1.84kb fragments)



1 2 3 4 5 6 7 8
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Figure 30 Phosphorylation of murine CD8a occurs solely on serine residue 216

Mutant and wild type CD8a DC27.10 transfectants were labelled with (32P)phosphate and 

CD8a immunoprecipitated with the YTS 169.4 mAb (lanes 1, 3, 5 and 7). Samples were 

electrophoresed on a 12.5% polyacrylamide gel and exposed to Fuji X-ray film at -70°C 

for 5 days. The band corresponding to CD8a is indicated by an arrow. 

Immunoprecipitates with control Rat Ig are shown in lanes 2, 4, 6 and 8. The appropriate 

protein molecular weight marker bands are shown in kD units.

A. CD8 phosphorylation in transfectants H8 (wild type CD8a) and OL8.5 (ser 216 to 

ala):

lane 1,2 : H8 stimulated with PMA 

lane 3,4 : H8 unstimulated 

lane 5,6 : OL8.5 stimulated with PMA 

lane 7,8 : OL8.5 unstimulated

B. CD8 phosphorylation in transfectants OL9.5 (ser 195 to cys) and OL10.1 (ser 195 and 

216 to cys):

lane 1,2 : OL9.5 stimulated with PMA 

lane 3,4 : OL9.5 unstimulated 

lane 5,6 : OL10.1 stimulated with PMA 

lane 7,8 : OL10.1 unstimulated



A 1 2 3 4 5 6 7 8

PMA + + -  -  + + - -

4 6 -

3 0 -

B 1 2 3 4 5 6 7 8

P MA + + - - + + - -
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Figure 31 Murine CD8a  is phosphorvlated by a serine-specific pathway

Mutant and wild type CD8a DC27.10 transfectants were labelled with (32P)phosphate and 

CD8a immunoprecipitated with the YTS 169.4 mAb (lanes 1, 3, 5, 7, 9 and 11). Samples 

were electrophoresed on a 12.5% polyacrylamide gel and exposed to Fuji X-ray film at - 

70°C for 5 days. The band corresponding to CD8a is indicated by an arrow. 

Immunoprecipitates with control Rat Ig are shown in lanes 2, 4, 6, 8, 10 and 12. The 

appropriate protein molecular weight marker bands are shown in kD units.

CD8 phosphorylation in transfectants H8 (wild type CD8a), OL6.3 (ser 216 to thr) and

OL7.1 (ser 216 to tyr):

lane 1,2 : H8 stimulated with PMA

lane 3,4 : H8 unstimulated

lane 5,6 : OL6.3 stimulated with PMA

lane 7,8 : OL6.3 unstimulated

lane 9,10 : OL7.1 stimulated with PMA

lane 11,12 : OL7.1 unstimulated
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Figure 32 Iodinated CD8a migrates at the same molecular weight as the phosphorvlated 

band from DC27.10 transfectants

Iodinated wild type CD8a was immunoprecipitated from H8 transfectants with the 

YTS 169.4 mAb. Samples were electrophoresed on a 12.5% polyacrylamide gel and

exposed to Fuji X-ray film at -70°C for 8 days. The band corresponding to CD8a is

indicated with an arrow and the appropriate protein molecular weight marker bands are 

shown in kD units. Immunoprecipitates with control Rat Ig are shown in lanes 2 and 4. 

lane 1 : H8 stimulated with PMA (2 x 106 cells) 

lane 3 : H8 unstimulated (2 x 107 cells)



1 2  3 4

3 0 -
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Figure 33 Abolition of CD8a phosphorylation does not affect antigen responsiveness

A. Mutant and wild type CD8a transfectants were stained with the directly conjugated 

FITC-YTS 169.4 mAb. Background fluorescence was measured by incubation of cells in 

PBSA (profile e). The profiles shown were obtained by flow cytometry of stained cells, 

profile a : OL8.5 (ser 216 to ala)

profile b : OL10.1 (ser 195,216 to cys) 

profile c : OL9.5 (ser 195 to cys) 

profile d : H9 (wild type CD8a)

B. The graphs show IL-2 production by CD8a mutant transfectants OL8.5 (■),

OL9.5 (A) and OL10.1 (O), and wild type CD8a transfectant H9 (•) in response to the 

anti-clonotypic mAb Desire-1 or to H-2Kb transfected L cells. Units of IL-2 were 

calculated from a recombinant IL-2 standard curve. The graphs represent an average of 

at least four independent experiments. Standard deviations are not shown so as not to 

obscure the response curves but these were <30% in each case.
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Figure 34 Response of transfectnat OL8.3 to Desir6-1 does not correlate with TcR 

expression

A. Transfectants H8 (wild type CD8a) and OL8.3 (ser 216 to ala) were stained with the 

anti-clonotypic TcR mAb Desire-1 (i), or the anti-CD8 mAb YTS 169.4 (ii) and fluorescein 

conjugated Goat anti-mouse IgG second layer. Non-specific fluorescence was measured 

by incubation of cells with second layer alone (profile c). The profiles shown were 

obtained by flow cytometry of stained cells.

profile a : H8 

profile b : OL8.3

B. The graphs show IL-2 production by CD8a mutant transfectant OL8.3 (O) and wild 

type transfectant H8 (□) in response to the anti-clonotypic mAb Desire-1 or to H-2Kb 

transfected L cells. Units of IL-2 were calculated from a recombinant IL-2 standard 

curve. The graphs represent an average of five independent experiments. Standard 

deviations are not shown so as not to obscure the response curves but these were <30% 

in each case.
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Figure 35 Antigen-responsiveness of transfectant OL8.2 is severely impaired

A. Transfectants H8 (wild type CD8a) and OL8.2 (ser 216 to ala) were stained with the 

anti-CD8 mAb YTS 169.4 and fluorescein conjugated Goat anti-Rat IgG second layer. 

Non-specific fluorescence was measured by incubation of cells with second layer alone 

(profile c). The profiles shown were obtained by flow cytometry of stained cells, 

profile a : H8

profile b : OL8.2

B. The graphs show representative IL-2 responses, of CD8a mutant transfectant OL8.2 

(O) and wild type transfectant H8 (□), to the anti-clonotypic mAb Desire-1 or to H-2Kb 

transfected L cells. For each concentration of antibody or stimulatory L cell, the 

reciprocal of the dilution of hybridoma supernatant giving a half-maximal response was 

used to define the arbitrary units of IL-2 produced.
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Figure 36 Antigen responses by mutant and wild type CD8a transfectants is equivalently 

blocked by an anti-CD8 mAb

A. Mutant and wild type CD8a transfectants were stained with the directly conjugated 

FITC-YTS 169.4 mAb. Background fluorescence was measured by incubation of cells in 

PBSA (profile e). The profiles shown were obtained by flow cytometry of stained cells, 

profile a : OL8.5 (ser 216 to ala)

profile b : OL9.5 (ser 195 to cys) 

profile c : OL10.1 (ser 195,216 to cys) 

profile d : H9 (wild type CD8a)

B. Mutant CD8a transfectants OL8.5 (■), OL9.5 (▲) and OL10.1 (O), and wild type 

transfectant H9 ( • )  were incubated with H-2Kb transfected L cells in the presence of 

various concentrations of soluble anti-CD8a mAb. Results are expressed as the 

percentage of control responses in the absence of mAb.
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Figure 37 Antigen induced growth arrest does not require CD8 phosphorylation (study 

by S. Vukmanovic)

Mutant or wild type CD8a transfectants were cocultured for 16 hours with equal numbers 

of irradiated mouse L cells (open symbols) or H-2Kb transfected L cells (filled symbols). 

Results are expressed as percentage of mean cpm obtained in cultures with transfectant 

hybridomas alone. Standard deviations of triplicates were alwaya <15%. The values 

obtained in cultures with irradiated control or H-2Kb transfected L cells alone were <1% 

of those found in cultures containing transfectant hybridomas. 

graph A : H8 (wild type CD8a) 

graph B : OL6.3 (ser 216 to thr) 

graph C : A 1.1 (CD8a5)
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Figure 38 Antigen induced DNA fragmentation is not affected by CD8 phosphorylation

(study by S. Vukmanovic)

Mutant and wild type CD8a transfectant hybridomas were cocultured with equal numbers

of normal mouse L cells (lanes A) or H-2Kb transfected L cells (lanes B) for 16 hours.

Genomic DNA was isolated from nonadherent cells and electrophoresed on a 2% agarose

gel. DNA was visualised by incorporation of ethidium bromide.

group 1 : H6 (wild type CD8a)

group 2 : A 1.1 (CD8a’)

group 3 : A 1.4 (CD8a’)

group 4 : OL7.1 (ser 216 to tyr)

group 5 : OL8.3 (ser 216 to ala)



1 2 3 4 5
A B A B A B A B A B
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Chapter 8 General Discussion 

Aims

The aims of the present study were to examine CD8 function by observing the 

effect of blocking CD8 expression and by looking at CD8 phosphorylation. Abolition of 

CD8 expression in cell lines and in transgenic mice, would allow the further 

characterisation of the function of murine CD8 in T cell development and T cell activation 

of MHC class I-reactive T cells. The study of CD8 phosphorylation directly addressed 

the possible functions of the CD8 molecule, especially with regard to it’s potential 

signalling roles.

Inhibition o f CD8 expression

Two strategies were undertaken in order to achieve down-regulation of CD8 

expression, anti-sense RNA and dominant negative mutation. Several CD8 anti-sense 

DNA constructs were made, containing fragments from both the murine CD8 cDNA and 

genomic DNA. In addition three dominant negative constructs were made. These 

constructs were transfected into three different CD8+ cell lines. However, no reduction 

in cell surface expression of CD8 was seen in any of the transfectants that could be 

correlated with expression of anti-sense RNA or the dominant negative constructs. 

Indeed, although cells were shown to be transfected with the appropriate constructs, no 

anti-sense or hybrid molecule RNA was detectably transcribed in these cells.

The inability to detect anti-sense RNA transcripts in transfected cells may have 

been due to efficient duplex formation with CD8 mRNA. It is likely that such duplexes 

could be rapidly degraded. In this case the inability to decrease expression of CD8 

molecules would be due to insufficient levels of anti-sense RNA. This explanation could
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be tested by transfecting the panel of anti-sense DNA constructs into a CD8' cell, such 

as the parental L cell line. Anti-sense RNA transcription should then be detected, as there 

would be no sense CD8 transcript with which to hybridise. One anti-sense DNA 

transfectant L cell was isolated which had reduced levels of CD8 surface expression, due 

to spontaneous loss of copies of the transfected genomic CD8 DNA. No anti-sense RNA 

expression was detected in this cell either. However, the cell did retain partial CD8 

expression, the mRNA for which could have led to the formation of sense-anti-sense RNA 

duplexes. Transfection of CD8' L cells with each member of the anti-sense DNA panel 

and analysis of RNA transcribed in these transfectants may yet be very revealing.

CD8 transfected L cells were chosen as suitable candidates to test the anti-sense 

constructs as they were the most easily transferable cell line. However, they contain a 

large number of copies of the CD8 gene and CD8 expression in these cells may therefore 

be more difficult to inhibit than in CD8+ murine T lymphocytes. In view of this the 

antigen-independent CD8+ T cell clone C6.1 was transfected with one of the anti-sense 

constructs. Failure to observe inhibition of CD8 expression in these transfectants was 

most probably due to expression of insufficient levels of anti-sense RNA. However, the 

other anti-sense constructs which were not tested may be more effective at inhibiting CD8 

expression in the C6.1 clone.

It is possible therefore that the anti-sense approach would be more successful if 

sufficient levels of RNA were expressed. This would require the use of an expression 

vector with higher level transcription than the human 6-actin promoter. The C6.1 T cell 

clone would be ideal for assaying new anti-sense constructs, as it stably expresses CD8 

in culture and the conditions required for its transfection have been established in the 

present study.
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Disruption of CD8 gene expression has been recently demonstrated in transgenic 

mice using homologous recombination (Fung-Leung et al, submitted). Transgenic mice 

were found to lack expression of the CD8 molecule in the periphery and peripheral T cells 

were unable to mount cytotoxic responses. These mice will be very useful to study the 

developmental role of CD8, but the drawback exists that expression of CD8 molecules has 

been irreversibly lost in these animals. The advantage of the techniques explored in this 

thesis is that both anti-sense RNA and dominant negative mutation allow for the 

development of an inducible system of CD8 gene inhibition.

CD8 phosphorylation

Phosphorylation of murine CD8 was examined by performing site-directed 

mutagenesis of the two putative phosphorylated residues in the CD8 cytopolasmic domain, 

serine 195 and serine 216. Phosphorylation of the CD8 molecule was demonstrated to 

occur solely on serine residue 216, in response to phorbol ester stimulation of CD8 

expressing T hybridomas. However, abolition of CD8 phosphorylation was not found to 

affect any antigen induced response of the hybridoma cells. Both findings suggest that 

CD8 phosphorylation is different from phosphorylation of the CD4 molecule, as in this 

case all three cytoplasmic residues are phosphorylated (Shin et al, 1990) and abolition of 

phosphorylation markedly impaires antigen responsiveness of transfected hybridomas 

(Glaichenhaus et al, 1991). The present study therefore succeeded in characterising CD8 

phosphorylation and in demonstrating that this event is very different from CD4 

phosphorylation, but it failed to establish a function for the phosphorylation of CD8 

during T cell activation.

The CD8' mice established by Fung-Leung et al {submitted) would be very useful 

in the study of CD8 phosphorylation. These could be used to generate double transgenic
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mice using the mutant CD8a constructs, which code for CD8 polypeptides unable to be 

phosphorylated. This approach would be a direct way to assess the importance of CD8 

phosphorylation to CD8+ T cell function in development and T cell activation in vivo. 

The transgenic mice would also be useful if MHC class I-specific T cell lines could be 

established from them, which could then be used to examine the effectiveness of mutant 

verses wild type CD8a molecules at enhancing T cell MHC class I-reactivity. Although 

Fung-Leung et al Csubmitted) were unable to generate MHC class I-specific CTL from the 

transgenic mice, it nevertheless remains possible that these mice could be used to establish 

CD8' MHC class I-reactive cell lines. Transfection of these lines with wild type and 

mutant CD8 genes may be a more sensitive way of investigating CD8 phosphorylation and 

would allow examination of the role of this event in the cytotoxic and proliferative 

response, as well as in IL-2 production. These cells could be used to examine p56lck 

association with CD8 during the process of T cell activation and in addition to study the 

effects of other tyrosine kinases with phosphotyrosine antibodies.
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