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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 ¢DNA 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 E1 proteins and the membrane external domain of the
CD8a. The aim was for these hybrids to interfere with native CDS 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 CDS8 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 8 polypeptide chains on most peripheral T
cells, while a subset of T cells exists expressing a TcR composed of y and § 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 of 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 ef al, 1982). The

Lyt-2 antigen existed in one of two forms, with molecular weights of 38kD (CD8a)
and 32-34kD (CD8«’), while the Lyt-3 antigen was shown to be a single polypeptide
of 28-30kD (CD88). Mouse CD8 is therefore expressed as a heterodimer consisting
of CD8a/CD88 or CD8a’/CD88 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
CD85 polypeptide chains. In contrast the murine CD4 molecule was shown to be a
glycoprotein migrating at S5kD, 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
c¢DNA (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 of 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 CD8«’
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
CD8«a’ 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 CD88 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 ¢DNA, the CD88 ¢cDNA clones
showed regions of sequence homology to Ig V regions. Transfection of the CD88
gene into mouse L cells revealed that the CD88 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
CD83s polypeptide for its surface expression (Zamoyska et al, 1985).

Although produced by the same gene, expression of CD8a and CD8«’
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:CD88 and CD8a’:CD88 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:CD88 dimers on their
surfaces. Furthermore, mature thymocytes have been shown to express less surface
CD8cq’ protein than more immature thymocytes (Zamoyska and Parnes, 1988).

The regulation of CD8«’ 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 Parnes, 1988). Thymocytes and peripheral T cells were
shown to translate equivalent amounts of CD8a and CD8c’ 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 Parnes, 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 CD8«a
subunit and their expression is developmentally 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 CDS8 function in T cell activation

Pattern of CD4 and CDS 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 1
expressing target cells, and most CD4 positive T cells recognise cells expressing MHC
class IT 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 I 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 mADbs 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 ef 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 8 chains genes, obtained from a CD8 positive CTL
specific for fluorescein (FL) in context of H-2D? MHC molecules. The CTL lysed
both FL-conjugated fibroblasts and lymphoblasts, which express high and low levels
of the H-2D? 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 II-restricted
CD4 positive T cell hybridoma with the a and 8 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.
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Involvement of 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 CDS8.

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
(Hunig, 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 ([Ca®*],) would appear to support this idea,
since anti-CD4 mAbs were found to inhibit mobilisation of [Ca2*]; 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 II-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 T¢R 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 (198'7) 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
mAD, 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 [Ca®*}; 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 p56', 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 CDS 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 (Maﬁukata 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 CDS8, 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 CDS8 function.

1.3 CD4 and CD8 molecules in thymic 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%), CD4 CD§
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 CD4CD8* (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
subpopulaﬁon, 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/aB8TcR
negative (Crispe et al, 1987). As CDS8 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 (Zinkernagel 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 aB8TcR 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-2D® MHC class I antigen. Female
H-2" 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-2¢ or H-2X mice, reconstituted by H-2" transgenic
thymocytes, showed no preferential increase in the CD4°CD8* 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 Qf 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 CD4'CD8* 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 a8TcR of MHC class II-specific T cell clones
and expressing the appropriate MHC molecules (Berg ef 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
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(Robinson and Owen, 1977). Direct evidence for the clonal elimination of MHC

class Il-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 VB17a 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 V8 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 V8 gene products towards MHC
class IT 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 VB8 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-2D" 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



33

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 [Ca®*], mobilisation and activation of protein kinase
C (PKC). In mature T cells this leads to T cell activation. The importance of the
{ subunit of the CD3 complex in aBT¢R 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 [Ca?*], mobilisation, but only to signals leading to the positive selection

of the cell. Later, as expression of the { polypeptide increases, the aBTcR becomes



34

coupled to the CD3 complex and ligation of the TcR, as in mature T cells, does
result in [Ca®*]; mobilisation. Any thymocytes interacting with MHC moleculgs at
this stage will be deleted, suggested by the finding that increases in [Ca’*]; 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°M 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:
25mMN,-2-hydroxyethylpiperazine-N’-2-ethanesulphonicacid (Hepes),
4mM L-glutamine,
36mM NaHCO,,
penicillin (100 u/ml)/streptomycin (100ug/ml) (Gibco),
5x10°M 2-me,
Sug/ml transferrin,
10% v/v HI FCS
Foetal calf serum was heat inactivated at 56 ° C for 30 minutes. MEM+H media was

routinely used to wash cells.
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Preparation of 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 5x10° cells/ml in complete medium with the addition of
4pg/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
50uM, and the culture incubated for a further 5 minutes. The cells were centrifuged
and the supernatant collected, filtered (through a 0.22um 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 ef 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 0.22um 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% CO, 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

(25x10° spleen cells/2x10* 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
(25x10° spleen cells/25x10° 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.

Transfectants:

VL3.1 (McGrath and Weissman, 1979) and C6.1 transfectants were grown in
complete or enriched medium, respectively, with the addition of 250ug/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
(2pg/ml mycophenolic acid, 250ug/ml xanthine and 15pg/ml hypoxanthine) and
CD8+ L cells with HAT (13.6ug/ml hypoxanthine, 3.9ug/ml thymidine and 72ng/ml
aminopterin), the resulting medium being buffered by the addition of 10mM Hepes
in both cases. Supertransfectants of both cell lines, were grown with the addition of
250ug/ml G418. H-2K’-transfected L cells (Samberg et al, 1989) were grown in
standard medium also with 250ug/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 1-3x10° 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 25x10° responder
spleen cells with 25x10° irradiated (3500 rads) stimulator spleen cells in 10ml of
enriched medium. The culture was restimulated after 7-10 days with 25x10°
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 1x10° 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
(1x10%-5x10* clones/5x10° spleen cells in 2ml enriched medium) in 24 well flat

bottomed tissue culture plates.

2.5 CTL assay

P;eparation of target cells:

Targets were set up 3 days in advance of the assay. 25x10° spleen cells were
incubated with 4ug/ml Con A in 10ml of enriched medium. On the day of the assay
amM was added to a final concentration of 50uM and the Con A blasts were

incubated for 5 minutes at 37°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 100ul of
MEM +H with 10% v/v HI FCS. 40ul°'Cr (SmCi/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 1x10° cells/ml in
complete medium.

Preparation of 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. 100yl 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:

100ul of target cells were added to each well, and also to 6 wells containing
100u! complete media, and 3 wells containing 100ul complete media plus 10% v/v
Triton X100. These wells were used to calculate the amount of spontaneous lysis
(min) and the maximum release (max) of *'Cr, respectively. The plates were then
spun gently for 1 minute and placed in an incubator at 37°C for 4 hours. 100ul 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 of responder cells:

Responder cells were harvested, washed and resuspended at 1x10° cells/ml in
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complete medium. 100ul 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, 5x10°
cells/well) and the anti-CD8a mAb YTS169.4 (at 100xg/ml), were then added to the
wells, in a total volume of 100ul complete medium. Plates were incubated at 37°C
for 3 days.

Proliferati»on of responder cells was measured by incorporation of *H-
thymidine (*HT, Amersham International) or by the 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetraxolium bromide (MTT, Sigma) cleavage assay. HT incorporation was
measured by adding 1uCi *HT/well and incubating the plate at 37°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 B8-counter.

MTT cleavage was measured by discarding 10041 of supernatant from the wells
and adding 20ul of Smg/ml MTT (in PBS) to each well. Plates were incubated for
4 hours at 37°C. 100u! of 10% w/v sodium dodecyl sulphate (SDS)/0.01M HCl 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.























































































































































































































































































































































































































































































