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Abstract

This thesis examines immune responses in TCR m utant mice which lack aP T 

cells. Although aP  T cells are the primary regulators of many aspects of 

imm unity, the extent to which other populations, contribute to particular 

immune responses has not been fully characterised. The T cell population in 

TCRa”/“  mice consists of yb T cells and an unusual population of TCRa"P+ 

cells. The lymphoid tissues in TCRa~^“  and TCRP“ “̂  mice undergo extensive 

expansion in response to environmental antigens. This does not occur in 

TCR(p X ô)~/“  animals. None of these strains of TCR m utant mice are able to 

make antibodies to protein antigens. Responses to T independent antigens 

have been characterised and reveal that in some cases yô T cells are able to 

augment the antibody response.

Numerous germinal centres were indentified in TCRa~/“  but not in TCRP“/“  

mice in this study. T cells within the germinal centres were usually CD4+ 

TCRp+, although CD4‘‘" yô T cells were also present. Germinal centres were 

also detected in germfree TCRa~/~ mice, although they were less numerous 

than in TCRa“/“  mice kept in specific pathogen free (SPF) conditions. The 

ability of germinal centre B cells to undergo somatic hyperm utation in 

response to a T independent antigen, phOx-LPS, was investigated. In contrast 

to the response to haptenated proteins, the Ig repertoire was not dominated by 

a particular combination of Ig V genes in TCRa“/” nor TCRa+/“  mice.

In addition, the development of intestinal pathology in TCRa”/~ mice was 

investigated. TCRa~/“  mice kept in SPF but not germfree conditions develop 

inflamm atory bowel disease (IBD). Intestinal pathology was not seen in 

germfree TCRa”/”  mice which were colonised with a limited bacterial flora. 

This suggests that IBD does not occur spontaneously nor does it result form the 

presence of bacteria, per se, but rather it is initiated by a specific organsim or 

group of organisms which have yet to be identified.
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Chapter 1 

Introduction

1.1 Natural and acquired immunity
The immune system of vertebrates is able to respond to an immensely diverse 

range of antigens. This is mediated by specific receptors expressed on T and B 

lymphocytes. The number of different T cell receptors (TCR) on T cells and 

immunoglobulin (Ig) receptors on B cells is larger than the combined number 

of other genes in the genome. This is possible because of the highly unusual 

way in which the TCR and Ig genes are assembled and m odified during 

development. The potential number of different TCR or Ig molecules is far 

greater than the total num ber of lymphocytes in the body. Because the 

repertoire of antigen specific molecules can be altered during the lifetime of an 

animal, either by generation of new specificities or expansion of cells with a 

given receptor, it is unlikely there is any pathogen which could not be 

recognised. As only a small proportion of the different potential TCR and Ig 

molecules can be expressed at one time, a balance m ust exist between the 

ability to respond quickly to infection and the ability to adapt to a changing 

antigenic environment. Other fundamental features of the immune system are 

the ability to distinguish self from non-self and to generate memory responses. 

Both of these characteristics are properties of the lymphocyte population.

The available repertoire of lymphocyte receptors has of course been shaped by 

evolution. In contrast to the ability to diversify, it is equally important for the 

immune system to maintain receptor specificities which are specialised to 

recognise antigens which have been relatively conserved over time. Certain Ig 

V (variable) gene segments, for example, are preferentially expressed and these 

are frequently specific for common structural components of ubiquitous
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microorganisms. Lymphocytes can be divided into subsets based on their 

ability to perform or regulate specific functions and this may include both B 

and T cell subsets which are specialised in defence against different types of 

pathogens.

1.2 Formation of antigen receptors
The TCR and Ig are similar in a number of respects. Both are composed of 

tandem  arrays of genes which contain significant homology at the DNA level 

and share common structural motifs at the protein level. The TCR and Ig are 

encoded by V, D (diversity), J (joining) and C (constant) genes which are 

separated in germline DNA. Each locus comprises a group of V genes which 

range in num ber from less than ten for the m urine TCRô locus to several 

hundred for the IgH locus. D genes range from two to ten and J genes from 

two to fifty. Diversity is generated by the combination of different V gene 

segments with a number of D and J segements. These subunits are joined 

together by deletion of intervening segments of DNA to form a continuous 

coding region. The recombination activating genes RAG-1 and RAG-2 (Schatz 

et al, 1989) are essential to this process. Although the exact function of these 

two proteins remains unknown and other factors are undoubtely involved, 

recent evidence suggests RAG-1 and RAG-2 are sufficient for site specific 

recognition and initial cleavage of DNA (van Gent et al, 1995, McBlane et al, 

1995). Both B and T cells fail to develop in mice lacking either RAG-1 or RAG-2 

(Mombaerts et al, 1992, Shinkai et al, 1992).

The substrates for recombination are found in the regions flanking V, D, and J 

genes, known as recombination signal sequencess (RSS). These sequences 

contain a heptam er and a nonamer surrounding either a 12 or 23bp spacer 

which determines which sequences may be joined. Recombination can only 

take place between a sequence with a 12bp spacer and one with a 23bp spacer.
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The arrangem ent of these sequences within a given locus dictates which 

combinations are possible. The TCRp locus, for example, allows a num ber of 

different rearrangements, V-D-J, V-D-D-J and V-J. The Ig loci are more 

constrained, permitting only V-D-J for the heavy chain and V-J for the light 

chain.

V genes encode the first and second complementarity determining regions 

(CDRs), so-called because they are often the regions which contact antigen. 

CDR3 encompasses the 3' end of the V gene plus D (if used) and J genes. V- 

(D)-J genes may be imprecisely joined, resulting in novel amino acid sequences. 

This may occur either by exonuclease digestion or by addition of P nucleotides 

which are complementary to one end of the join. Additional nucleotides, 

know n as N regions, may be added in a template independent fashion by 

term inal deoxynucleotidyl transferase (TdT). This greatly increases the 

variability of CDR3 sequences. This is of particular importance for the TCR as 

it appears that CDRs 1 and 2 contact MHC while CDR3 is probably the most 

im portant region in binding antigen (Davis and Bjorkman, 1988). N regions 

have also been identified in Ig heavy chain but not light chain genes (Desiderio 

et al, 1984). A process known as somatic hypermutation (discussed in Chapter 

5) adds further diversification to Ig V genes. Most evidence suggests that 

somatic mutation of the TCR does not occur (Ikuta et al, 1985). This may reflect 

a more important regulatory role of T cells in maintaining self tolerance.

1.3 aP T cells
1.3.1 Thymocyte development

The vast majority of T cells develop in the thymus (Miller, 1961) which is 

seeded by precursors from the bone marrow or fetal liver. In the thymus, cells 

acquire surface molecules characteristic of the T cell lineage, most important of 

which are the TCR/CD3 complex, CD4 and CD8. The TCR is composed of two
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polymorphic chains, either ap or yô. As described above these components of 

the TCR mediate antigen speificity. They are expressed together with the non- 

polymorphic chains of CD3, y, 8, and £. The CD3 complex may also include an 

addtional com ponent, Ç, which may be expressed as a hom odim er or 

heterodimer paired with another chain, T|. The transmembrane portion of CD3 

Ç shares homology with the y subunit of FceRI. The TCR aP and yô chains 

m ust associate with CD3 in order to be expressed at the cell surface. The e 

(Wegener et al, 1992, Letoumer and Klausner, 1992) and Ç (Irving and Weiss, 

1991,Letourner and Klausner, 1991) polypeptides of the CD3 complex contain 

cytoplasmic domains which transmit signals from the cell surface. This is in 

part mediated by tyrosine activation motifs (ITAMs) which are believed to be 

phosphorylation substrates of protein tyrosine kinases (PTKs) including p59fy^ 

which is associated with CD3 (Samelson et al, 1990) and pSb^^^ associated with 

CD4 and CDS (Barber et al, 1989).

The rearrangement of TCR genes coincides with important stages of thymocyte 

development (Figure 1.1). Rearrangement of the TCRp locus occurs before that 

of the TCRa locus. When a productive rearrangement has been achieved, the 

TCRp chain may then be expressed at the cell surface together w ith a non- 

polymorphic surrogate a  chain, known as pre-Ta, (Groettrup et al, 1993, Saint- 

Ruf et al, 1994) and CD3. Surface expresssion of this complex prevents further 

rearrangem ent of the TCRP loci and therefore ensures allelic exclusion 

(Uematsu et al, 1988). It also permits transition from the double negative (DN) 

to double positive (DP) stage of development when thymocytes express both 

CD4 and CD8. Thymocytes do not develop beyond the DN stage in mice 

which are unable to express TCRp (Mombaerts et al, 1992). Rearrangement of 

the TCRa chain occurs in the DP population. When a TCRa and TCRP chain 

are able to associate and be expressed at the cell surface, the cell is available for 

positive selection and maturation to the single positive stage where only CD4
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or CD8 are expressed. If TCRa cannot be expressed, thymocytes are blocked 

at the DP stage (Philpott et al, 1992). Although allelic exclusion of the TCRp 

locus is tightly regulated, this does not seen to be the case for the TCRa locus.
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Peripheral T cells have been identified which express two different a  chains 

(Padovan et al, 1993) and expression of a transgenic a  chain does not suppress 

endogenous rearrangement of the TCRa locus (Borgulya et al, 1992).

Thymocytes undergo positive and negative selection which ensures that cells 

express a TCR that can recognise self MHC molecules but does not have a high 

affinity for self antigens. The MHC encodes the genes for a highly 

polymorphic group of antigen presenting molecules. The mouse MHC region 

is encoded by the H-2K, D and L loci for MHC I, I-E and I-A for MHC II. MHC 

I molecules are composed of a polymorphic chain which associates w ith a 

monomorphic chain, p2 microglobulin (P2m), encoded outside of the MHC. 

MHC II consists of polymorphic a  and P chains. During thymic ontogeny, T 

cells are selected partly for their ability to recognise the MHC molecules 

expressed in the thymus, a phenomenon described as MHC restriction 

(Zinkemagel and Doherty, 1974).

It is the double positive population which undergoes positive selection. This 

process appears to be mediated by non-heamatopoietic thymic epithelial cells 

in the cortex w hereas negative selection is induced by cells of the 

haematopoietic lineage, such as dendritic cells (DC). There is, however, some 

controversy as to whether positive or negative selection is correlated with the 

type of antigen presenting cell (ARC) or peptide ligand or whether the avidity 

of the TCR is always the determining factor. A num ber of experiments using 

transgenic mice have provided evidence that high affinity receptors are deleted 

as are those w hich are not restricted by host MHC. This has been 

demonstrated using mice transgenic for a single TCR that recognises H-Y (a 

m inor histocompatibility antigen expressed only in males) restricted by H- 

2^(Kisielow et al, 1988a and 1988b). In male mice virtually all of the H-Y 

specific thymocytes were deleted. However, in females and in male mice
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expressing H -2^, the majority of peripheral CD8"^ T cells expressed the 

transgenic receptor. In wild type animals the majority of thymocytes, more 

than 90%, are not positively selected and die by apoptosis (Scollay et al, 1980).

During the selection process, expression of CD4 or CD8 on m ature T cells is 

also determined. This has important consequences in the periphery as T cell 

function is correlated with co-receptor expression. CD4+ T cells, which interact 

w ith MHC II, are predominantly helper T cells while CD8+ T cells, which 

recogonise MHC I, usually have a cytotoxic phenotype. There is disagreement 

as to whether co-receptor expression is mediated by stochastic or selective 

mechanisms. The stochastic model proposes that downregulation of CD4 or 

CD8 is random, only TCRs that have by chance acquired a compatible cor- 

receptor will be positively selected (Chan et al, 1993, Davis et al, 1993). The 

selective model proposes that when a TCR co-receptor complex undergoes 

positive selection this trasmits a signal to down regulate the other co-receptor 

(Borgulya et al, 1991, von Boehmer and Kisielow, 1993). An alternative 

hypothesis suggests thymocytes are pre-comitted to either the CD4 or CD8 

lineage (Crompton et al, 1993).

The ap  T cell repertoire may also be shaped by antigens which interact with the 

TCR complex in a manner distinct from the normal mechanism of peptide 

presentation on MHC molecules. A num ber of superantigens have been 

described which bind MHC II and certain TCRVp familes (Marrack and 

Kappler, 1990). Two major categories of superantigens have been identified in 

mice. The first group consists of bacterial toxins such as Staphlococcal 

enterotoxin A /B  (SEA/B) and the second of proteins expressed on endogenous 

retroviruses such as murine mammary tum our virus (MMTV). Because of 

their reactivity with regions of the TCRp chain which are conserved amongst 

Vp genes of the same family and because some superantigens are able to bind
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to more than one Vp family, the frequency of responding T cells is remarkably 

high, perhaps 1:100 or greater compared with 1:10,000 or less for conventional 

antigens. Activation of such a large number of T cells may have deleterious 

effects including toxic shock which may result in death. Many mouse strains, 

including wild mice, have large deletions of their TCRP loci, including those 

families reactive with superantigens. This phenotype may have been selected 

during evolution because it provides protection from toxic shock induced by 

enterotoxins.

MMTV is a retrovirus which may either be transm itted in the germline or 

through infection via milk (reviewed in Acha-Orbea and MacDonald, 1995). 

Infection of B cells leads to expression of an MMTV superantigen in the 3' long 

terminal repeat which may be expressed at the cell surface together with MHC

II. This induces clonal expansion of the B cell as well as the responding T cell 

population. Expression of MMTV gene products in the thymus can result in 

negative selection of the relevant VP families. In some cases this is incomplete 

and when these antigens are encountered in the periphery specific T cells may 

proliferate but may also, apparently, be deleted. A num ber of different 

endogenous MTVs are carried by various mouse strains. Mixed lymphocyte 

reactions (MLRs) can occur between lymphocytes derived from mice which 

differ in the type of Mtv provirus they carry. Because MTV superantigens 

stimulate such a high frequency of T cells in mice which have the same MHC 

haplotype they have been described as minor lymphocyte stimulatory (Mis) 

antigens.

1.3.2 Phenotype of peripheral ap T cells

A small num ber of cell surface markers have been particularly useful in 

characterising aP T cells in the periphery. These include CD45, CD4 and CDS. 

CD45 is a tyrosine phosphatase w hich m ay regulate  ITAM motifs
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phosphorylated by PTKs. It can be expressed in a num ber of different forms. 

In hum ans the low and high molecular weight forms (CD45RO and RA) are 

associated w ith memory and naive cells, respectively (Akbar et al, 1988, 

Merkenschlager et al, 1988). In mice CD45 can also be used to distinguish 

memory and naive populations based on low or high expresseion of the 

CD45RB isoform (Dianzani et al, 1990). Differences in CD45 isoform expression 

correlate with levels of expression of other cell surface molucules such as L- 

selectin. Memory and naive cells are therefore thought to have different 

adhesive propertities. In addition memory cells are more readily activated and 

have a shorter cell cycle than naive cells (Akbar et al, 1991, Michie et al, 1992).

CD8 and CD4 are associated not only with restriction by MHC I, expressed on 

most nucleated cells or MHC II, expressed m ainly on specialised antigen 

presenting cells, but also with effector function. CD8 is usually expressed by 

cytotoxic T lymphocytes (CTL). These T cells contain perforin granules, 

express serine esterases and are specialised for the ability to lyse infected cells 

expressing non-self peptides (McMichael and Askonas, 1978). CD4+ cells are 

the primary regulators of many immune responses and mediate their effector 

functions by secretion of lymphokines. A lthough CD4+ T cells normally 

interact with MHC II expressing AFC such as monocytes, dendritic cells and 

activated B cells. Other cell types may under certain circumstances express 

MHC n. Viral infection can induce IFNy production which elicits expression 

of MHC n. Both types of MHC complexes are specialised for presentation of 

small peptides which are held in grooves created by the three dimensional 

stucture. The source of peptides and processing requirements differ for MHC I 

and II. Endogenously synthesised peptides derived in the endoplasm ic 

reticulum are usually presented in the context of MHC I. Peptides presented 

by MHC II are are in most cases derived from an extracellular source and 

trafficked through an endocytic processing pathway. The distinction between
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endogenous and exogenous peptides is not absolute and presentation of 

endogenous peptides by MHC H, can occur.

CD4+ T cells can be further divided into functional subsets based on the range 

of cytokines they produce (Mosmann et al, 1986). Upon activation, naive 

m urine CD4+ T cells initially secrete IL-2. They may differentiate into cells 

which produce either IFNy, IL-2 and TNFp (Thl) or IL-4, IL-5, lL-6, lL-10 and 

lL-13 (Th2). There is evidence that an intermediate phenotype, ThO, may exist 

in which IL-2, IFNy and IL-4 are produced. However, once differentiation into 

a Thl or Th2 cell type has occurred, the phenotype appears to be stable and is 

even retained by memory Th cells. The cytokine environment which exists 

during the prim ary encounter with antigen may determine w hether a cell 

develops a Thl or Th2 phenotype (Hsieh et al, 1992). IL-4 induces a Th2 

phenotype whereas IL-12 primes cells for production of T hl cytokines. 

Although it appears that the cytokine is the determining factor rather than the 

type of AFC, not all AFC produce the same range of cytokines in equal 

amounts. Activated macrophages and B cells, for example, produce lL-12. In 

vitro experiments have shown that Thl priming can be induced by activated 

macrophages but not dendritic cells (Hsieh et al, 1993).

The predominance of Thl or Th2 cells in a particular immune response has 

im portant consequences. Thl cytokines, becaseuse of their ability to stimulate 

macrophages by IFNy (and CTL by IL-2) are essential for protection against 

intracellular pathogens whereas Th2 responses are most effective in clearing 

extracellular parasites or bacteria because of their ability to induce antibody 

production. Furthermore, the characteristic cytokines associated w ith each 

subset are to some extent antagonistic. IL-4 and IL-10 block the effects of IFNy, 

possibly by downregulating IL-12 production by macrophages. IFNy inhibits 

proliferation of Th2 cells.
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Infection with the intracellular protozoan parasite Leishmania major in different 

strains of mice illustrates the importance of Thl and Th2 subsets in vivo. In 

C57BL/6 mice the response is dominated by Thl cells. Secretion of IFNy by 

these cells facilitates activation of macrophages which are able to rapidly clear 

the infection (Heinzel et al, 1989). BALE/c mice, however, produce high levels 

of IL-4 and are unable to clear the parasite.

Although Thl and Th2 subsets have been more widely characterised in mice, 

there is also evidence that they play an im portant role in hum ans. The 

outcome of infection with M. lej)rae appears to be dependent on the cytokine 

profile. In cases where T cells produce IFNy, individuals usually develop 

tuberculoid leprosy in which the num ber of mycobacteria rem ains low 

(Haanen et al, 1991, Bloom et al, 1992). In contrast, patients which make a 

response dom inated by IL-4 production have very large num bers of 

intracellular mycobacteria and develop lepromatous leprosy.

1.3.3 Unconventional a(3 T cells

Although the vast majority of aP T cells recognise peptide antigens in the 

context of conventional MHC molecules, there are ap  T cells which have very 

different specificities. Human ap  T cell clones have been identified which 

recognise mycolic acid, a lipid derived from Mycobacterium tuberculosis 

presented by CDlb, a monomorphic molecule which is not part of the MHC 

(Porcelli et al, 1992, Beckman et al, 1994). An increased proportion of DN ap  T 

cells have been found in tuberculoid lesions of leprosy patients and it has been 

suggested these cells may be important in a cytolytic response mediated by 

CDl as anti-CDlb antibodies block CTL lysis. CDl molecules may present 

other types of lipid, such as lipoarabinomannan LAM (Sieling et al, 1995). T 

cells responsive to LAM produced IFNy and were not cytolytic. There are two
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are two CD l genes in mice and although these do not include the CDlb 

isotype, they may also be specialised for presenting antigens of microbial 

origin, such a N-formyl peptides.

ap  T cells in the gut include thymically derived and thymic independent 

populations. Both of these populations have phenotypes which differ to some 

extent from other ap T cells. These subsets are described in section 1.5.

1.4 yô T cells
Far less is known about the development and function of y8 than ap  T cells. 

One of the difficulties in characterising yô T cells is that in most tissues they 

make up only a small percentage of the lymphocyte population. In sheep and 

cattle , between 15 and 50% of lymphocytes in the blood are yô T cells. In most 

m urine and hum an tissues, however, less than 3% of lymphocytes express the 

yô TCR. The exception is the gut in which about 50% of the lym phoid 

population in mice and 10% in humans are yÔ T cells. Numbers of yÔ T cells 

increase in a w ide range of infectious diseases and in some autoim m une 

conditions (Holoshitz et al, 1989). Until recently, however, it has not been 

known whether yÔ T cell proliferation is a bystander effect of the activation of 

ap T cells. It has also been diifficult to distinguish the effector functions of yô T 

cells from those of ap  T cells in vivo.

yô T cells can be divided into subsets based on the TCR Vy genes which they 

express and the adult tissue in which they are predom inantly found (Figure 

1.2). These subsets undergo ordered rearrangement (Goldman et al, 1993) and 

arise in temporally distinct waves during ontogeny (Ito et al, 1989). One group 

which expresses Vy7 consists of cells which originate outside the thym us 

whereas the other families are thymically derived. The order in which the
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different families arise has important consequences for the specificity of their 

TCRs. The V75 family found in the skin and V')6 family which colonises the
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Figure 1.2 Origin and anatomical location of y5 T cell Vy subsets. Adapted 

from Allison, 1993. An additional subset Vy9 is found in humans. Both murine 
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reproductive tract and tongue épithélia originate early fetal or perinatal 

thymus and have canonical CDR3 sequences. In addition, they utilise a single 

VÔ chain and therefore express monospecific groups of TCRs (Itohara et al, 

1990). It has been suggested that they may recognise relatively conserved or 

ubiquitous antigens such as heat shock proteins (HSP) (O'Brien et al, 1992). By 

contrast, those yÔ T cells found in lymphoid tissues have a much more varied 

TCR repertoire. This is in part because although most express Vy4, a num ber 

of different Vô chains are used. More im portantly, their TCRs contain 

extensive N region diversity, potentially greater than that of a(3 T cells and 

therefore, theoretically, should be able to recognise a very broad spectrum of 

antigens.

The reason y5 subsets that arise early in ontogeny lack junctional diversity is a 

m atter of some controversy. One hypothesis proposes that this is a result of 

selection rather than a true absence of junctional diversity and that selection 

may differ over the course of ontogeny. When the V75 and Vy6 families were 

analysed in fetal thymic organ cultures after addition of anti-TCR5+ antibodies, 

high levels of junctional diversity were observed (Itohara and Tonegawa, 

1990). As other Vy subsets contain extensive juncitonal diversity, this suggests 

they are subject to different mechanisms of selection which remain unknown.

O ther investigators have reported data which contradict these results. 

Transgenic Vy5 genes, containing a frameshift mutation but able to undergo 

rearrangement, contained canonical sequences even though they were unable 

to produce a functional protein (Asarnow et al, 1993). In expriments using 

transgenic recombination substrates and TdT under the control of the CD2 

promoter, the lack of junctional diversity in the Vy 5 subset was shown to result 

from the rearrangement process and the lack of N regions (Zhang et al, 1995). 

Short homology repeats of two or three nucleotides were found in coding



29

regions or P elements which promote joining of canonical sequences. The 

addition of N nucleotides, however, interferes with this process. When V75 

genes are rearranged TdT is absent or expresed at low levels. Expression of 

TdT at this stage (under the CD2 promoter) results not only in N region 

addition but also increased junctional diversity in the Vy5 subset.

The question of whether MHC molecules act as selecting ligands for yÔ T cells 

remains unresolved as experimental evidence has provided conflicting results. 

If selection of yô T cells by MHC occurs, it appears that it may only affect a 

minority of yô cells. Numbers of yÔ T cells are not significantly reduced in 

mice (Correa et al, 1992). However, in experiments using trangenic yÔ 

TCRs specific for non-classical MHC molecules there was greatly reduced 

peripheral expression of the transgenes in mice that expressed the specific 

MHC (Bonneville, et al, 1990, Dent et al, 1990) suggesting negative selection 

occurred. It has also been argued that positive selection is also required as 

levels of transgenic yô TCR expression were also reduced in p2na“ “̂  mice 

(Wells et al, 1991, Pereira et al, 1992).

Most yô T cells are double negative or CD8+, with only a small proportion 

expressing CD4. As far as the CD4 and CD8 populations are concerned, they 

appear to be similar to aP T cells in function, in that the CD4 population can 

produce a wide range of lymphokines while the CD8+ population has cytolytic 

activity (Morita et al, 1991, Spits et al, 1991). yô T cells also express many of the 

other cell surface markers found on ap T cells including the alternate forms of 

CD45 associated w ith naive and memory cells and the ligands for B7.1 and 

B7.2 (CD28/CTLA-4) important in interaction with APC. Activated yô T cells 

also express the ligand for CD40 (gp39) which is required for some aspects of T 

cell-B cell collaboration. (Homer et al, 1995).
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1.4.1 Antigen recognition

There is increasing evidence that yô T cells differ from ap T cells not only in the 

types of antigens they recognise but also in their requirements for presentation. 

Recognition of proteins, carbohydrates, phosporylated thymidine compounds 

and alkyl phosphates by yÔ T cells have all been reported (summarised in Table 

1.1). In some cases, for example reactivity to heat shock proteins (HSP), it is 

unclear whether reactivity is to a microbial antigen or a self antigen induced by 

stress. Furthermore, antigen recognition by yô T cells has been reported to be 

associated with classical MHC I and II, non-classical MHC molecules such as 

TL and Qa and non-MHC encoded presenting complexes such as CDl. One 

difficulty in interpreting these observations is that many of the experiments 

have been done using yô clones in vitro and may not be representative of most 

yô T cells in vivo. However, what initially appears to be inconsistency in 

experimental results may in fact reflect genuine diversity amongst yô T cell 

subsets in vivo

It has been suggested that yÔ subsets are selected by different sets of ligands 

depending on when they develop. Expression of the relevant ligands may 

change during ontogeny and this may explain why some subsets arise only in 

the fetal thym us while others require a postnata l/adu lt thym us and may 

account for differences in specificity in the periphery. Since the Vy5 subset can 

only be generated in a fetal thymus, this raises the question of how these cells 

are maintained in the skin throughout life. Though the specific antigens have 

not been clearly identified, Vy5 T cells recognize kératinocytes which have been 

subjected to heat stress (Havran et al, 1991). It is possible that this cell 

population is m aintained by frequent exposure to self antigens that are 

expressed in damaged tissues.
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Analysis of yÔ subsets which contain extensive junctional diversity has shown 

the CDR3 sequences vary considerably in length in the 5 but not y  chains (Rock 

et al, 1994). This is in contrast to CDR3s of ap  T cells which are very similar in 

length, presum ably because of the constraints of binding peptide/M H C  

complexes, yô CDR3s are more similar to those of Ig where CDR3s are also an 

important region of antigen binding but variable CDR3 lengths are found in 

heavy chains but are more uniform in light chains. A lthough there are 

examples of yÔ T cell reactivity with MHC molecules, the nature of recognition 

appears to be fundamentally different from that of aP T cells (Schild et al, 1994). 

In experiments using a yô T cell hybridoma which recognised TL and one 

which recognised classical MHC II, it was revealed that no processing was 

required and that specificity was, in fact, for the presenting molecule rather 

than the peptide. Furthermore, the contact residues in both cases were in parts 

of the presenting molecules predicted to interfere with aP T cell recognition of 

peptide. Some yô T cells may recognise conformational epitopes in a manner 

similar to Ig. Recognition of these MHC molecules may be an example of this 

rather than of MHC restriction. This is consistent with the observation that 

very few yÔ T cells in mixed lymphocyte reactions (MLRs) react with allotypic 

MHCs.



Table 1.1 yÔ T cell specificity

32

Antigen Species Reference

Classical MHC
MHC + tetanus toxoid human Holoshitz et al, 1992 

Kazbor et al, 1989

MHC (+ peptide?) mouse

human

Bluestone et al, 1988 
Matis et al, 1990 
Spits et al, 1990 
Bosnes et al, 1990

MHC (not peptide) mouse Schild et al, 1994

Non-classical MHC 
TL, 110,122

Tla (+ peptide?)
Qa-1 (+ glu-tyr polymer)

CDl-c (■’■ peptide)

mouse Ito et al, 1990
Schild et al, 1994 
Weintraub et al, 1994 

mouse Bluestone et al, 1988
mouse Vidovic et al, 1989

human Porcelli et al, 1989
Faure et al, 1990

Heat shock proteins hum an Holoshitz et al, 1989
mouse Bom et al, 1990

PPD human Haregewoin et al, 1989
mouse Happ et al, 1989

continued....
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Antigen Species Reference

Non-peptide mycobacterial extracts 
Protease resistant, low 

molecular weight human Pfeffer et al, 1990

TUBAg 1-4 (phosphorylated human Constant et al, 1994
uridine or thymidine)*

Alkyl phosphates* human Tanaka et al, 1995

SEA human Rust et al, 1990

HSV glycoprotein 

Tumour cell lines

mouse Sciammas et al, 1994

hum an Visch. et al, 1992
Davodeau et al, 1993**

*also constituents of mammalian cells

**cross reactivity with mycobacterial extracts
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There have been many reports of yÔ reactivity w ith mycobacteria (Janis et al, 

1989, O'Brien et al, 1989). Although the frequency of yô T cells responding to 

mycobacterial extracts is high, this does not appear to be a uniform population. 

O ut of a population of yô T cells derived from hum an blood in which 

approximately half responded to mycobacteria, only a few cells recognised 

purified protein derivative (PPD) or HSP65 while a large proportion responded 

to a protease resistant antigen. Other investigators have also reported yô T cell 

reactivity with non-peptide mycobacterial extracts (Table 1.1).

The majority of hum an yÔ T cells which respond to mycobacteria express 

Vy9/V02, in which there is considerable junctional diversity. It is therefore 

possible the reactivity may be the effect of a superantigen. In mice, a large 

proportion of yÔ T cells were found to repond to HSP65 and many of these also 

recognised PPD. The responding cells expressed Vyl and VÔ6 and contained 

extensive junctional diverisity. Some yô T cells also respond to Staphlococcal 

enterotoxin A (SEA), a superantigen for ap  T cells. Although they do not 

proliferate to this antigen, hum an yô T cells expressing Vy9 lyse cells coated 

with SEA.

Vy9 yô T cells isolated from peripheral blood have also been shown to respond 

to heat inactivated Streptococci (Bender and Kabelitz, 1992). Proliferation was 

induced by streptococci of serogroups A, B and C but not D and F.

1.4.2 y5 T cells in infectious disease

Expermiments in which yô or ap  T cells have been eliminated, either by anti- 

TCR antibody adminstration or targeted gene disruption have revealed that yô 

T cells perform functions which are distinct from and complementary to those 

of aP  T cells in response to a number of infectious organisms. Although only 

ap  T cells appear to provide memory responses to Listeria monocytogenes, either
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yô or ap  T cells alone are sufficient to provide early protection during the 

prim ary response (Mombaerts et al, 1993, Skeen and Ziegler 1993). yÔ T cells 

may play a minor role in secondary responses, however, as listeriosis was even 

more severe in TCR(p x 0)“/”  than in TCRa~/" or TCRp~/“  animals, yô T cells 

may also provide protection against some types of tissue damage as TCR0“/“  

developed unusual liver lesions during infection with L. moncoytogenes which 

were not seen in control mice.

Although ap  T cell deficient mice are unable to clear blood stages of malaria 

infection, yô T cells are sufficient to inhibit parasite development in the liver 

stages of the disease (Tsuji et al, 1994). Evidence in both mice and hum ans 

suggests yô T cells provide an important component in protection from 

mycobacteria. In patients with protective immunity to M. tuberculosis and M. 

leprae, num bers of yô T cells were signifcantly higher than in non-resistant 

patients (Barnes ef al, 1992). In mice, both aP and yô T cells appear to be 

necessary for optimal IFNy production which is essential for protection (Ladel 

et al, 1995).

yô T cells are able to produce a broad range of cytokines (Eichelberger et al, 

1991, Porcelli et al, 1991). A recent report suggests they may exhibit Thl and 

Th2 phenotypes (Ferrick et al, 1995). yô T cells isolated from the spleens and 

peritoneal cavities of mice immunised with L. monocytogenes produced high 

levels of IFNy but not IL-4. In animals immunised w ith Nippostrongylus 

brasiliensis, high levels of IL-4 but not IFNy were found. Although ap  T cells 

contributed to IL-4 production later in the réponse, IL-4 production was almost 

entirely limited to yô T cells during the first thirteen days of the prim ary 

response. The authors suggest that the early cytokine production of yÔ T cells 

m ay influence the development of a Thl or Th2 phenotype in the ap  T cell 

population.
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1.5 Intestinal intra-epithelial lymphocytes (TEL)
A proportion of lEL originate in the thymus and these are usually TCRaP'*', 

CD8aP+, although a few are CD4’’’ or CD4+ CDSaa"*". These cells probably 

migrate to intraepithélial areas of the gut from the Peyer's patches following 

antigenic stimulation (Guy-Grand et al, 1978). Another population of aP lELs 

has been identified which shares a num ber of characteristics w ith yô T cells 

found in the gut (Guy-Grand et al, 1991). Both populations express C D 8aa or 

are double negative. They originate outside of the thymus, possibly in the fetal 

liver, and undergo differentiation w ithin the gut. The population which 

differentiates within the gut may arise from CD3“ TEL precursors in the gut 

which decrease with age. The population of intestinal yô lEL appears to consist 

entirely of cells that differntiate locally.

CD3 molecules expressed by ap  lEL may be similar to thymically derived T 

cells, containing ÇTj chains or alternatively may express FceRly which is not 

found on thymically derived peripheral T cells, yô lEL also express Ç and 

FceRly (Guy-Grand et al, 1994). Further evidence that lEL utilise different 

signalling pathways was obtained from mice transgenic for a yô TCR

(Perminger et al, 1993). Normal numbers of both yô and aP lEL were present, 

however the transgenic TCR was absent in other peripheral lymphoid tissue.

The TCR p repertoire of lELs is oligoclonal and appears not to share common 

sequences with thymically derived cells (Regnault et al, 1994). The range of 

observed TCRp chain sequences varies considerably, even am ongst litter 

mates. This may indicate selection of this population occurs in the gut and the 

repertoire of dom inant clones is shaped by local antigens. The TCRs of yÔ 

intestinal lEL are unlike yô lEL found in the skin in that they contain extensive 

juncitional diversity and N  regions.
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The function of lEL remains unclear although a num ber of studies have 

reported cytolytic activity for ap  and yô lEL, both of which contain perforin 

and granzymes. Although cytolytic activity has been demonstrated in vitro, 

lEL respond poorly to stim ulation by anti-CD3 in proliferation assays 

(Gramzinski et al, 1993). This may be because they are already in an activated 

state as they are, for example, CD69'*' (Guy-Grand et al, 1991). Differences in 

the repertoire of thymic dependent and thymic independent TEL may reflect 

specialisation for different types of antigen. There is evience that organisms 

which -are not ordinarily found in the gut, such as reovirus, are recognised and 

cleared by thymically derived lEL (Cuff et al, 1993). This is in contrast to lEL 

which differentiate locally. Such cells may recognise organisms which are 

predominantly found in the gut and may be responsible for preventing their 

spread beyond the epithelium.

Although the mechanisms of selection in the gut remain unclear, it is likely that 

unconventional APC are involved. The gut contains neither epithelial cells of 

ectodermal origin nor the bone marrow derived population which mediates 

selection in the thymus. MHC I is required for selection of aP  lEL as this 

subset is absent in p2m“/~ mice (Schleussner andCeredig, 1993). Non-MHC 

encoded presenting molecules such as TL and CDl have been identified in the 

intestine but their role remains unknown. If selection is significantly different 

in the gut than in the thymus, extrathymically derived lEL m ay have TCRs 

with autoreactive specificities. Potential pathology may be avoided because 

lEL which differentiate in the gut do not usually recirculate to other areas 

(Poussier et al, 1992). Homing receptors or other mechanisms which prevent 

systemic recirculation are apparently acquired in the gut. Engraftment of fetal 

intestine under the kidney capsule of an irradiated host results in repopulation
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of not only the gut but other peripheral lymphoid organs (Mosley and Klein,

1992).

The gut is unusual in that it contains a huge number of bacteria as well as food 

antigens. A very different system of immune regulation is required from that 

of other anatomical sites. Tolerance to beneficial flora must be maintained but 

not at the cost of allowing microorganisms to penetrate the epithelial barrier. 

In healthy individuals cell mediated immune responses are fiot evident and in 

some cases tolerance can be induced by oral adm inistration of antigens 

(Weiner, 1994). Evidence suggests that a CD4+ CD45RB1o population is 

required to inhibit cell mediated responses in the gut. Transfer of CD45RB^i 

cells into SCID mice induces intestinal pathology (Powrie et al, 1993, 1994). 

This can be prevented by co-transfer of the CD45RB1o population. Inhibition of 

cell mediated responses are probably dependent on the production of IL-10 

and TGPP as mice which lack these cytokines also develop bowel disease (Shull 

et al, 1992, Kuhn et al, 1993). The inability to synthesise IL-10 and TGFp may 

contribute to the development of a predominantly Thl phenotype of lEL. An 

inflammatory condition may result because of increased levels of TNFa and 

IFNy. However, if the regulatory population consists of Th2 cells, the 

development of this phenotype may differ in the gut from that of other Th2 

populations in regard to IL-4 dependence. There is no evidence of intestinal 

inflammation in IL-4 deficient mice (Kuhn et al, 1991). The fact that bowel 

disease develops in mice carrying a wide variety of targetted gene disruptions 

gives an indication of the complexity of regulation necessary for m aintaining 

normal mucosal immunity. This is discussed further in Chapter 6.
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1.6 B cells
1.6.1 B cell development

B cells are continually generated in mammalian bone m arrow throughout life. 

M any of the features of early B cell development are similar to those of 

thymocytes (Figure 1.3). RAG-1 and RAG-2 mediate rearrangement of Ig V, 

(D), J and C regions. B cell recepotrs (BCRs) which develop early in life contain 

canonical sequences. TdT is expressed at a low level in pre-B cells in fetal and 

neonatal liver and spleen and these B cells therefore lack N regions (Opstelten 

et al, 1986, Feeney, 1990). Rearrangement in this case may also be mediated by 

short homology regions (Feeney, 1992) in a similar manner to that described for 

TCRVyS. The Igji locus is the first to rearrange and like the TCRP chain, its 

surface expression is reguired for further B cell developm ent. Before 

rearrangement of the light chain locus, the \i chain is paired w ith a surrogate 

light chain consisting of A5 and V-pre B which is in some respects analagous to 

the pre-Ta chain expressed on immature T cells. A surrogate heavy chain has 

also been identified (reviewed in Melchers et al, 1994). The BCR contains two 

other chains, Ig-a and Ig-p, which like CDS, transmit signals via motifs in their 

cytoplasmic domains. Signalling is, in part, mediated by IT AM motifs and
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Figure 1.3 B lym phopoiesis in m urine bone marrow. Adapted from Melchers et al, 1995.
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PTKs (reviewed in Reth, 1994). B cell differentiation continues in peripheral 

lymphoid tissues.

The mechanisms of positive and negative selection in the bone m arrow have 

yet to be established. About 60% of B cells have only rearranged one of their 

light chain loci. This may indicate that positive selection is less stringent than 

in the thymus since B cells are not constrained by MHC recognition. Negative 

selection may be mediated by ligation of a different set of self antigens on bone 

marrow cells. There is evidence that negative selection may occur by a number 

of different processes. Ligation of Ig receptors which have high affinity for 

MHC has indeed been show to induce cell death (Nemazee and Burki, 1989a 

and 1989b). Death may not necessarily occur rapidly and may be preceeded 

by an arrest in m aturation (Tiegs et al, 1993). A proportion of arrested cells 

may be rescued by replacement of one of their autoreactive Ig chains which 

m ay generate a specificity which is no loger autoreactive. This process is 

referred to as receptor editing.

Negative selection has also been demonstrated using mice transgenic for hen 

egg lysozyme (HEL) and a high affinity anti-HEL antibody (Hartley et al, 1993). 

Large num bers of HEL specific B cells were found in the bone marrow, but 

were absent in the periphery. More recent work has shown that self-reactive B 

cells die if they are unable to enter the follicles of peripheral lymphoid tissues 

(Cyster et al, 1994). These experiments demonstrated that B cells w ith non-self 

specificities had to be present to prevent self-reactive B cells from entering 

follicles and this only occured when the self antigen was present.

A part from V, D, J recombination, heavy chain loci also undergo isotype 

switching. This permits expression of the same V region joined to different C 

genes. To a limited extent this may occur at the mRNA level where transcripts
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containing more than one C region may undergo alternate splicing. Switching 

at the mRNA level allows co-expression of IgM and IgD. Alternate splicing is 

also im portan t in generating m em brane and secreted form s of Ig. 

Transcription of the unrearranged C h  gene appear to be a prerequisite for 

switching to a given isotype (Yancopoulous et al, 1986). Evidence suggests that 

isotype switching to IgG, A or E involves deletion of intervening segments of 

DNA and is therefore irreversible (reviewed in Blackwell and Alt, 1988). This 

process is mediated by switch (S) sequences found 5' of all C genes except ô. 

Switching takes place concurrently on both chromosomes even if only one 

locus has undergone rearrangement. Switch sequences contain tandem repeats 

and the whole of the S region may be repreated up to 150 times which may 

allow alignment of different S sequences. The enzyme(s) which mediates 

switching is unknown but does not appear to be site specific as breakpoints are 

not consistently found in the same regions. Switching to a particular isotype or 

subclass is influenced to some extent by the cytokine environment. IL-4, for 

example, usually induces switcting to IgGl and IgE. This may be mediated by 

sequences 5' of the yl S region as mice lacking this sequence have an almost 

complete absence of IgGl production. IL-5 is associated with switching to IgA 

and IFNy with IgG2a. Murine B cells may require IL-5 in addition to IL-4 in 

order to switch to IgGl and IgE (Purkerson and Isakson, 1992)

The profile of heavy chain isotypes used during a given immune response is 

important since the antibody function is determined by C gene usage. IgM, the 

first antibody to be produced in an im m une response is secreted in a 

pentameric form, thereby increasing its avidity. This is facilitated by J chains 

which crosslink IgM constant domains. Dimeric forms of IgA are linked in a 

similar manner and this isotype can be secreted across mucosal surfaces. IgE 

binds Fc receptors on mast cells and basophils triggering the release of 

inflamm atory agents such as histamines. IgG antibodies consist of four
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subclasses which differ, for example in their ability to fix complement. IgGl is 

the major subclass in serum and is also important in fetal/neonatal protection 

as it can cross the placenta and is secreted in milk. Both IgG and IgA are 

produced in the bone marrow from cells which have differentiated in lymph 

nodes or spleen (Tew et al, 1992). IgA is also produced in the gut, probably 

from cells which have been activated in Peyer's patches or mesenteric lymph 

nodes (MLNs).

1.6.2 B1 cells

Mature B cells can be divided into two broad categories, referred to as B1 cells 

whose development is largely T cell independent and B2 or classical B cells 

whose differentiation is significantly influenced by T cell help. Murine B1 cells 

are characterised by expression of Lyl, also described as CDS which is the 

analogous marker on human B1 cells. Although CDS is a pan-T cell m arker it 

is only found on a small subset of B cells. This subset develops in the fetus and 

neonate. B1 cells usually express a distinct repertoire of germline Ig V genes 

(Sanz et al, 1989) which, unlike B2 cells are not known to accumulate somatic 

mutations. However, CDS^ cells have been identified in germinal centres, 

although they are rare.

In the mouse most B1 cells are found in the peritoneal cavity. They account for 

a high proportion of serum Ig production although the relative proportions of 

Ig isotypes differ from those produced by B2 cells. Although IgG and IgA are 

produced by B1 cells, at least one third of their secreted Ig is IgM, in contrast to 

B2 cells which produce about seven times as much IgG as IgM. In particular, 

there is a lower frequency of B1 cells which respond to IL-4 by switching to 

IgGl despite the fact that 11-4 induces transcription of germline G1 genes in 

these cells (Tarlinton et al, 1995). Nonetheless, T cells can also influence Ig 

switching in B1 cells.
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Becasue of their high frequency of reactivity w ith antigens which have been 

evolutionarily conserved, such as bacterial polysaccharides, B1 cells are 

believed to be an important component of natural immunity (Rajewsky et al,

1987). Although B1 clones may be long lived cells, and are often found in 

chronic B cell leukemia (Davidson et al, 1984, H ardy et al, 1987), they do not 

generate memory responses. There are probably im portant differences in 

selection of B1 and B2 cells. Although the ligands involved in selection of B1 

cells have not been clearly defined, they may be endogenous antigens as B1 

cells have a high degree of reactivity with autoantigens (Casali et al, 1988) and 

increase in some autoimmune conditions (Hardy et al, 1987, Burastero et al,

1988). B1 cells also have a high degree of idiotypic reactivity and this may play 

an important role in their selection. In general, antibodies produced by B1 but 

not B2 cells are often cross reactive with foreign as well as self antigens.

1.6.3 T cell - B cell collaboration

Differentiation of the majority of B cells is greatly influenced by the presence of 

T cells. This occurs by ligation of cell surface molecules as well as cytokine 

production and depends upon cognate interactions between the two cell types. 

T cell help is essential at a number of stages of B cell development. However, 

antigen presentation and signals transmitted from B cell to T cell are also 

important. The majority of experimental data on T - B cell interactions is based 

on responses to protein antigens.

The first encounter between B and T cells may occur in the T cell zones of the 

periarteriolar lymphoid sheath (PALS) of the spleen or the paracortex of lymph 

nodes (Figure 1.4). B cells may internalise and process antigen captured by 

their sig receptors and present it in the context of MHC II to a CD4'^ T cell
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(Rock et al, 1984, Lanzavecchia, 1985). This interaction alone is not sufficient 

for the full activation of either cell type and in some circumstances T - B cell 

interactions are an important step in the induction of tolerance or anergy. 

Presentation of antigens by resting B cells may induce T cell tolerance as 

ligation of the TCR alone is insufficient to trigger T cell activation. This has 

been demonstrated by experiments in which small doses of rabbit anti-mouse 

IgD resulted in tolerization of T cells (Eynon and Parker, 1992), as uptake by 

sIgD is insufficient to trigger B cell activation. By contrast when fully activated 

B cells were used as presenting cells, the responding T cells, including naive T 

cells, were activated (Mamula and Janeway, 1993). Other studies have shown 

that LPS activated B cells may also induce T cell tolerance bu t only in 

unprim ed T cells (Fuchs and Matzinger, 1992). This may reflect differences in 

the range and levels of costimulatory molecules expressed by B cells which 

have been activated by LPS rather than an APC or T cell. Progression of T-B 

cell collaboration requires ligation of a set of co-receptors, including CD40 

(Clark et al, 1990) and B7/BB1 (CD80) (Linsley et al, 1990) and B7.2 (CD86 

(Hathcock et al, 1993) on the B cell and gp39 (CD40L) (Armitage et al, 1992, 

Noelle et al, 1992) and CD28 (Linsley et al, 1990, Linsley et al, 1991) or CTLA-4 

on the T cell.

CD40 is related to the TNFa receptor and its ligand is a memberof the TNF 

family. Expression of gp39 and CTLA-4 (Linsley et al, 1992) are m ainly 

confined to activated T cells while CD28 is expressed by most T lineage cells 

(Gross et al, 1992). While CD28 is associated with T cell activation (Harding et 

al, 1992), CTLA-4 may play an important role in limiting the T cell response as 

mice deficient in CTLA-4 expression undergo  m assive lym phocyte 

proliferation which leads to fatal tissue damage (Tivol et al, 1995). CD40 is 

constitutively expressed by B cells while the B7 molecules are only expressed 

on activated B cells. Both CD40 (Alderson et al, 1993) and and the B7 molecules
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are expressed on some bone marrow derived dendritic cells and activated 

macrophages. Dendritic cells may play an important role in the initial stage of 

T dependent antibody responses as they are capable of activating naive T cells 

whereas resting B cells are not. Ligation of both the TCR and CD28 results in T 

cell activation and expression of gp39 which enables the T cell to transduce 

signals which are essential for certain aspects of B cell differentiation. gp39 

ligation also appears to be necessary for activated T cells to progress through 

cell cycle (Grewal et al, 1995). Blockade of CD40-gp39 binding prevents 

germinal centre formation and consequently memory B cell formation and 

severely inhibits isotype swithching (Foy et al, 1993, Foy et al, 1994, Gray et al, 

1994). Patients with hyper-IgM syndrome have a mutant form of gp39 which 

results severe impairment of IgG, IgA and IgE production. Ligation of CD40 

increases the antigen presentation capacity of B cells (Faassen et al, 1994) and 

up-regulates the expression of B7 molecules on APC (Ranheim and Kipps,

1993). Cross linking CD40 induces B cell proliferation and expression of bcl-2 

and in some cases can rescue B cells from apoptosis induced by cross linking 

sIg. Engagement of CD40 on resting B cells has also been shown to lower the 

threshold for activation induced by cross-linking sig (Wheeler et al, 1993).

After such an encounter with a T cell, the B cell may differentiate into an 

antibody secreting plasma cell. Some B cell proliferation and isotype switching 

occurs within the T cell zone, generating plasma cells which are the main 

source of antibody early in the primary response. Alternatively the B cell may 

migrate to the follicular area at the edge of the T cell zone and begin to form a 

germ inal centre. Prim ary follicles consist mainly of small IgM+ IgD+ 

recirculating B cells, though memory B cell blasts may also be present. They 

also contain follicular dendritic cells (FDC) which present unprocessed antigen 

in the form of immune complexes. This antigen may be retained on FDC for 

up to one year.



48

1.6.4 Germinal centre formation

Germinal centres are sites of extensive B cell proliferation where memory B 

cells are generated and affinity m aturation of the antibody response takes 

place. Affinity maturation is mediated by a process of somatic hypermutation 

which is targetted to Ig V genes (discussed in Chapter 5). Germinal centres are 

usually founded by a small num ber of B cells, an average of three, which 

cluster in the FDC network (Kroese et al, 1987). W ithin a few days the 

polarised architecture of the germinal centre becomes apparent and usually 

persists for about three weeks (Figure 1.5). During the first phase of the 

germinal centre reaction B cells down regulate their sig and undergo numerous 

cycles of cell division. Cell cycle may require as little as seven hours (Hanna, 

1964, Zhang et al, 1988, Liu et al, 1991). These centroblasts form the basal dark 

zone of the germinal centre. Somatic mutation may occur at this stage (Zhang 

et al, 1988), after which Ig may be re-expressed, possibly in a m utated form at 

the surface.

Centroblasts give rise to a non-cycling population of centrocytes which migrate 

into the light zone of the germinal centre. This is the population which 

undergoes selection mediated by FDCs and CD4+ T cells. If its Ig receptor is 

unable to bind antigen held on FDCs in the basal light zone, the centrocyte dies 

by apoptosis. The high frequency of cell death in germinal centres is apparent 

from the num erous tingible bodies which can be seen in local macrophages 

(Fliedner, 1967). Centrocytes with receptors which do bind antigen are rescued 

from apoptosis and expression of Bcl-2 is induced in these cells (Liu et al, 1989 

and 1991) Signals delivered through the Ig receptor at this stage are, however, 

not sufficient for long term survival. In vitro cross-linking sig prevents 

apoptosis of centrocytes for approximatley 24 hours. Long term  survival 

however seems to depend on ligation of CD40 (MacLennan and Gray, 1986,
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Holder et al, 1993) which in vivo may depend on T cells. Germinal centre T 

cells are also specific for the imm unising antigen (Fuller et al, 1993). 

Centrocytes capture and process antigen which may then be presented to T 

cells within the apical light zone (Kosco et al, 1988, Gray et al, 1991). Local T 

cells produce a range of cytokines including IL-4 which may help to maintain 

blasts at this later stage of the germinal centre reaction and promote isotype 

switching. The combination of cytokines and ligation of cell surface molecules 

may determine whether the B cell differentiates into a plasma or memory cell. 

Either IL-2 or the combination of IL -la  and soluble CD23 are able to induce 

plasma cell differentiation (Liu et al, 1992). The ligand for CD23 on B cells is 

the com plem ent receptor type 2 (CR2/CD21) (A ubry et al, 1992). 

Differentiation signals may also be provided by FDCs which have a different 

phenotype in the apical light zone where, for example, they express high levels 

of CD23. FDCs in the basal light zone are CD23“ but express CD54 (ICAM-1) 

which may ligate C D lla/CD 18 (LFA-1) on centrocytes.

The result of CD40 ligation may depend on where and when it takes place. 

Inhibition of memory B cell formation, for example, only occurs w hen gp39- 

CD40 interactions are prevented during the first few days following 

immunisation, after which it actually increases memory B cell formation (Gray 

et al, 1994). The expression of gp39 on activated T cells is only transient. This 

suggests gp39+ and gp39~ T cells may perform different functions within 

germinal centres with one population perhaps promoting proliferation and the 

other differentiation into memory cells.

1.6.5 Complement mediated B cell activation

T cells clearly play an important role in B cell activation and differentation. 

Other mechanisms of B cell activation may help target B cells to certain classes 

of antigen. One such pathway may involve the CD19/CR2/TAPA-1 complex.
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Cross-linking CD19 lowers the threshold for activation through sig (in the 

presence of IL-4) 100 fold (Carter and Fearon, 1992). CR2 binds fragments of 

C3 generated by the classical or alternative complement pathways. These 

fragments form covalent attachments to centain types of carbohydrate moieties 

which are present in microorganisms but not mammalian cells. TAPA-1 (target 

of anti-proliferative antibody) is a tetraspan membrane protein which can 

associate with other surface molecules, including MHCII.

The association of CD19/CR2/TAPA-1 facilitates B cell activation in a num ber 

of im portan t ways. CD19 is coupled to the phospolipase C (PLC), 

phospohinositol (PI3) kinase pathway via PTKs (Carter et al, 1991) CR2 may 

also be ligated by CD23 wheh is expressed on cells which present antigen to B 

cells. CR2, by binding C3d, concentrates antigen at the B cell surface. Because 

of its association with CD19, ligation of CR2 facilitates cross-linking of sIg and 

CD19. Consequently the complement pathw ay can significantly lower the 

threshold of B cell activation. This has been demonstrated in experiments in 

which mice were immunised with HEL coupled to 1, 2 or 3 copies of C3d 

(Dempsey, et al, 1996). The immunogenecity of HEL was enhanced 1000 to 

10,000 fold when coupled to 2 or 3 copies of C3d as determined by the amount 

of antigen required to produce an equivalent IgCl titre.

This mechanism of B cell activation provides not only a means of targetting 

bacterial antigens, but also of enabling B cells w ith low affinity receptors to 

respond to low concentrations of antigen (Fearon and Carter, 1995). It may 

also have im portant consequences for T cell immunity. Ligation of CR2 

enhances B cell antigen processing and presentation (Thorton et al, 1994) and 

engagem ent of CD19 is requirened for norm al T cell dependent B cell 

responses (Rickert, et al, 1995). Signalling through CD19/CR2/TAPA-1 may 

be able to overcome B cell tolerance normally maintained by a lack of signal
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transduction via sig and PTKs (Cooke et al, 1994, Fearon and Carter, 1995). 

Such B cells, w ith their enhanced capacity for antigen presentation and 

expression of co-stimulatory molecules may be capable of activating either 

unprimed or even tolerized T cells (Lin et al, 1991, Mamula et al, 1992).

1.7 T independent antigens
Antigens capable of eliciting a B cell response in athymic mice are usually 

classified as being T independent (Kindred, 1979). This definition is 

inadequate for a number of reasons; most importantly there is considerable 

evidence that T cells augment the response to many of these antigens (Barker et 

al, 1973, Schuler et al, 1982, Alderson et al, 1987). In some cases, responses in 

nude mice are quantitatively or qualitatively different from normal animals. In 

addition, athymic animals have a limited T cell population which develops 

outside the thym us (MacDonald et al, 1981). Evidence from a num ber of 

studies has revealed that responses to TI antigens differ in animals which have 

been acutely or chronically depleted of T cells.

Antigens categorised as TI are a heterogenous group which differ in the extent 

and type of T cell help which may be involved. TI antigens are usually large 

molecules which contain a polysaccharide component that degrades slowly in 

vivo. They are subdivided into two groups based on their ability to elicit 

responses in CBA/N mice and to act as B cell mitogens. Those which do have 

mitogenic activity and also stimualate reponses in CBA/N mice are categorised 

as TI-1 antigens while those that do not are classified as TI-2.

1.7.1 TI-1 antigens

These antigens are derived mainly from Gram negative bacteria which contain 

lipopolysaccharide (LPS). Not only are they polyclonal B cell activators but 

also stimulate a number of other cell types. Because of their ability to activate
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the immune system on a large scale, pathology associated w ith infection by 

Gram negative bacteria is often the result of a w idespread inflamm atory 

response. Much of the biological activity of LPS is attributable to the lipid A 

portion of the molecule. Lipid A binds to CD14, a receptor on monocytes, 

neutrophils and some endothelial cells. CD14 binding induces various 

responses on different cell types, m any of w hich are associated w ith  

inflammation. Monocytes, for example, secrete TNF-a. LPS binding to CD14 

is mediated by a soluble factor in serum, LPS binding protein (LBP). Another 

serum factor, bacteriacidal/permeability-increasing protein (BPI), produced by 

neutrophils also binds to LPS and ihibits its binding to LBP and CD14 (Wilde et 

al, 1994). BPI is thus able to reduce some of the toxic effects of LPS which can 

induce septic shock.

The importance of T cell immunity to LPS is related to binding of CD14 to LPS 

and is illustrated by lack of T cell responses in some strains of mice. Ligation 

of CD14 on macrophages increases MHC II expression thereby enhancing the 

ability of macrophages to act as APC. Mouse strains such as C38/HeJ make 

poor responses to LPS because they are unable to upregulate MHC II 

expression on macrophages (Marshall and Zeigler, 1991).

1.7.2 TI-2 antigens

Responses to TI-2 antigens appear to be mediated by a distinct B cell subset 

which m atures late in ontogeny. Normal adult mice make good responses to 

TI-2 antigens but these responses are absent in young animals. CBA /N  mice 

carry an X-linked immunodeficiency {xid) which results in an inability to 

respond to TI-2 antigens (Amsbaugh et al, 1972, Mosier et al, 1977, Mond et al, 

1978) although B cells isolated from these animals are able to respond to TNP- 

ficoll in vitro. (Eldridge et al, 1987). There is some evidence that the 

responding B cell population corresponds to B1 cells which recognise TI-2
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antigens such as dextran and phosphorylcholine (Forster and Rajewsky, 1987). 

However, although this population has a high frequency of cells which 

respond to polysaccharides, B1 cells do not recognise some TI-2 antigens such 

as TNP-ficoll (Hayakawa et al, 1984). Those B cells which do respond to TI-2 

antigens are localised in the marginal zone of the spleen (Lane et al, 1986). This 

m ay reflect differences in antigen presentation as specialised dendritic cells 

found in the m arginal zone have been show n to be associated w ith  

polysaccharides (Hymphrey and Grennan, 1981).

Although classification of TI antigens originated in studies on nude mice, IgC 

production to TI-2 antigens is in fact higher in these animals than in wild type 

mice, suggesting that thymically derived T cells actually play a role in limiting 

the B cell response (Baker et al, 1973, Schuler et al, 1992). T cells are also 

required to initiate reponses to TI-2 antigens. Although B cells respond to TI- 

2 antigens in v itro , this has not been shown to be the case for pure populations 

of small resting B cells (Thompson et al, 1984).

T cell help to TI-2 antigens appears to be independent of MHC II as it is not 

inhibited by anti-MHC II antibodies (Fultz et al, 1982) and responses to TNP- 

ficoll in MHC II"/" mice are not impaired (Cosgrove et al, 1991). One 

possibility is that T cells may affect the idiotypic repertoire of the response 

(Bottomly and Mosier, 1979, Kelsoe et al, 1980). Activated B cells or monocytes 

may be able to initiate T cell activation in the absence of TCR ligation in some 

cases (Ward et al, 1993). Alternatively, there may be a subset of T cells which 

responds directly to some TI-2 antigens. T cells have been reported to produce 

IFNy in response to TNP-ficoll and dextran (van den Eertwegh et al, 1993).

The profile of Ig isotypes and subclasses appear to be influenced both by the 

type of antigen and the availability of T cell help. This is also the case for TI-1
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antigens. In general responses to carbohydrates are characterised by high 

levels of IgG3 and an absence of IgE. IgG3 is the predom inant antibody 

produced in response to a(l-3)dextran. However, neither a ( l-6)dextran nor 

meningococcal polysaccharide elicit a strong IgG3 response (Moreno and 

Esdaile, 1983). Responses to haptens coupled to polysaccharides also differ in 

their isotype profile, and are characterised by IgG2a and IgGl (Perlmutter et al, 

1978).

1.8 Aims of this thesis
A great deal is known about the role of aP  T cells. Yet, as many classical 

genetic experiments have shown, one of the best m ethods of defining the 

functions of a particular factor is to remove it. This thesis examines the ability 

of the immune system to respond to a variety of antigens in TCRa~/“  mice. 

Analysis of TCRa~'^“ mice in comparison to other TCR m utant strains provides 

data on the function of yô T cells. These results also reveal that the extent of 

lymphocyte proliferation is significantly altered in the absence of ap  T cells. 

The requirement for aP T cells in aspects of B cell development, including 

germinal centre formation and somatic hyperm utation has also been studied. 

In addition the contribution of exogenous antigens in inducing intestinal 

pathology has been examined.
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Chapter 2 

Materials and Methods

2.1 Buffers and solutions

All chemicals were of analytical grade or equivalent, and were obtained from

Sigma, UK or BDH, UK unless otherwise stated. Millipore deionised water,

autoclaved where appropriate, was used to make all solutions. All buffers and

solutions were sterilised by autoclaving or filtration where appropriate.

TBE: lOx stock
0.89M Tris base 
0.89M boric acid 
lOmM EDTA pH8.0

TAE: 50x stock
2M Tris base 
57.1 m l/litre
0.05M EDTA pH 8.0

STE pH  8.0
lO m M Tris-H Cl 
ImM  EDTA pH 8.0 
lOOmM sodium chloride 
adjusted to pH8.0 with lOM NaOH

PBS (PBSA)
137mM sodium chloride 
3.3mM potassium chloride
1.7mM potassium dihydrogen orthophosphate (anhydrous) 
lOmM disodium hydrogen orthophosphate (anhydrous) 
adjusted to pH 7.4 with HCl
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SSC: 50x stock per litre
sodium chloride 175.3g
sodium citrate 88.2g
adjusted to pH 7.0 with lOM NaOH

2.2 Conjugation of 2-phenyl-5-oxazalone (phOx) to protein and 

LPS

Conjugation of phOx to BSA and CSA was performed according to the method 

of Makela et al, 1978. A 75mg suspension of phOx was mixed with 1 g of CSA 

or BSA in 20ml of 5% sodium bicarbonate buffer for 24 hours at 4°C. The 

mixture was then centrifuged for 30 minutes at 30,000g and then dialyzed 

against PBS.

Three methods were used to attempt to conjugate phOx to LPS. The molecular 

weight of LPS is unknown, therefore the constituent ratios given here are only 

an estimate. The first method attempted to link phOx directly to LPS, using a 

lOOx excess of the hapten. Alternatively, one or two linking components were 

used: diaminopropane (DAP) alone or DAP and N-(3-dimethylaminopropyl- 

N'-ethylcarbodiimide) hydrochloride(EDAC) both of which were used at a 20:1 

molar ratio to phOx and a lOOx excess of phOx to LPS, suspended in sodium 

bicarbonate buffer, pH  7.0. The reactions were carried out in a O.IM NaBH4 

buffer for 2 hours at room temperature and then dialysed extensively against 

PBS. An additional mixture of phOx, DAP, EDAC and LPS in phosphate 

buffer, pH  7.0 was also prepared. After 24 hours at room tem perature this 

reaction was dialysed as above. The OD at 352nm was measured to determine 

if phOx was present in the dialysed product. Only the preparation of phOx, 

DAP, EDAC and LPS in phosphate buffer did not have a dectectable OD at 

352nm. The other three compounds and the two containing phOx-CSA and 

phOx-BSA were used in test immunisations of wild type mice to determine 

their immunogenicity (Chapter 5).
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2.3 Animals

TCRa-/- (Philpott et al, 1992), TCRP“/~ and TCR(P x 6)” /”  (Mombaerts et al, 

1992) mice have been described previously. TCRp“/“  and TCR(P x 0)“ /“  were 

obtained from the Jackson Laboratories, Bar Harbor, Maine. TCRa"^/" mice 

used as controls were either from the F% of TCRa“/“  x wild type on a mixed 

129J/BALBc background or were litter mates of TCRa~/“  mice which had been 

idientified as heterozygotes by Southern blotting. F% aminals from crosses 

between C57BL/ 6 and 129J were used as controls for TCRp“/“  and TCR(p x 

0)“/“  mice. Animals were kept in open cage, specific pathogen free (SPF), 

gnotobiotic or germfree conditions. Mice used in this study were between six 

weeks and one year old at the time of sacrifice.

Germfree and gnotobiotic colonies

Germfree and gnotobiotic colonies were derived and m aintained by Dr A 

Sebestenty, ICRF. TCRa“ “̂ mice were introduced into an established germfree 

colony by sterile hysterectomy (Sebesteny and Lee, 1973). Germfree mice were 

monitored for contamination as follows: faecal pellets were taken directly into 

N utrient Broth and Cooked Meat medium from mice within the germfree 

isolator and incubated at 37°C for 2 days. Subsequently these liquid media 

were subcultured on 7% horse blood agar plates and incubated at 37°C - one 

plate from each anaerobically (using N2 with 5% CO2), another one from each 

(with a V factor disc to allow Haemophilus to grow) aerobically with added 

m oisture and 10% CO2 . Faeces were also plated directly onto Sabauraud 

plates and incubated at 30°C aerobically for the detection of fungal growth. 

These plates were also exposed to incoming air in isolators to detect air fliter 

contamination with fungi.
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'Associated' bacteria colonies were derived from germfree animals into which 

the following bacteria have been introduced: Steptococcus faecalis var

liquifaciens, Streptococcus faecium (beta heamolytic), Lactobacillus plantarum. 

Faecal pellets were taken and seeded directly onto blood agar plates and 

Sabauraud plates were as described above. The plates were checked for the 

presence of any organism other than those above. Bacteria were analysed by 

their colonial and Gram stained morphology, by gelatin liquifying activity, 

beta haemolysis and growth on Tomato Juice Agar.

2.4 Immunisations

Mice were immunised as follows (antigens were administered in PBS unless 

stated otherwise):

Protein compounds - 50 to 100|xg given with Complete Trend's Adjuvant (CFA) 

for the prim ary imm unisation. Incomplete Freund's A djuvant (IFA) for 

susequent immunisations in a total volume of 200|il administered either in two 

sites sub-cutaneously (s.c.) or one site intraperitoneally (i.p.)

LPS (E. coli serotype 055, Sigma) compounds - 25|ig LPS administered in 200jil

i.p.

M. vaccae (obtained from Dr J Tolle, St Mary's Hospital, London) - 5 x 10^ heat 

killed, sonicated mycobacteria in lOOfil total volume administered in two sites 

s.c.

Pneumovax II (Merck, Sharp and Dohme) - 40|ig polysaccharide derived from 

23 strains of Gram positive bacteria administered in lOOjil total volume s.c.
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E. coli strain 09:K3C (obtained from Professor G Dougan, Imperial College, 

London) - bacteria were grown statically in L broth at 37°C overnight to a 

concentration of 10^ /m l. 10^ bacteria were were resuspended in a total 

volume of 150pl and administered by oral gavage. After sacrifice viable counts 

of bacteria were performed. A portion of the large intestine was washed in 

PBS and homogenised. The recovered bacterial suspension was plated onto L- 

agar plates.

2.5 Lymphocyte isolation

Single cell suspensions of lymph nodes, Peyer's patches and spleens were 

m ade by teasing apart the dissected tissues with forceps followed by gentle 

Bounce homogenization. Cells were washed in PBS. Red blood cells were 

lysed from splenocyte preparations by resuspending pelleted cells very briefly 

in 0.9 ml H2O followed by addition of 0.1 ml lOX PBS and 10 ml IX PBS. Cell 

yields and viability were determined by trypan blue dye exclusion using a 

Neubauer heamocytometer.

2.6 Enzyme linked immunosorbent assay (ELISA)

'Immulon 2' 96 well microtitre plates (Dynatech Ltd) were coated overnight at 

room tem pterature with l|xg/m l solution of protein or a 1/1500 dilution of 

rabbit anti-mouse Ig (Dako) in O.IM NaHCOg adsorption buffer, pH  9.6 

(adjusted w ith HCl). 50 pi volumes were used at all stages unless stated 

otherwise and incubations were done at room tem perature. Plates were 

washed 10 times (all washes were in PBS) and coated with 200 pi blocking 

buffer [PBS containing 2% Marvel (Cadbury, UK) and 0.5% Tween-20] for 30 

m inutes. Wells were emptied and sera diluted in blocking buffer or neat 

hybridoma supernatants were added. After incubation for 45 to 60 minutes 

wells were washed 10 times and HRP conjugated rabbit anti-mouse IgC, IgM 

or total Ig detection antibody (Dako) diluted in blocking buffer was added.
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After 30 minutes plates were washed 10 times and substrate solution consisting 

of Im M  2,2' azinobis (3-ethylbenzthiazoline-6 sulfonic acid) (ABTS) in O.IM 

NaOAc pH  5.0 (activated with 1 |il /m l 30% H2O2 just prior to use) was added 

to wells. Spectrophotometric absorbance was measured on a V-Max Kinetic 

Microtitre Plate Reader (Molecular Devices) at 405nm. Ig isotypes and 

subclasses were analysed using a Zymed antibody typing kit (Zymed Labs, Inc, 

San Francisco, CA).

2.7 Fluorescence-Activated Cell Sorter (FACS) Analysis

mAbs used for FACS analysis were CD3(KT3) Cp TCR (H57), C5 TCR (GL3) 

and CD4 (L3T4), CD8a  (Ly-2), CD45 (B220). All mAbs w ere directly 

conjugated with FITC, PE or biotin, obtained from Pharmingen. When biotin 

conjugated mAbs were used streptavidin tricolour or FITC (Sigma) were used 

as a second layer.

Cells were suspended in FACS buffer containing 1% fetal calf serum  (FCS) 

0.1% sodium azide in PBS, aliquoted in 96 well microtitre plates (Falcon) and 

pelleted by centrifugation at 1200 rpm for 3 minutes. 10^ to 10^ cells per well 

were stained and resuspended in 0.1 ml volumes at each stage. Cells were 

blocked with FACS buffer containing 2% normal mouse serum. Antibodies 

were diluted in FACS buffer containing 1% normal serum of the relevant 

species. Isotype matched irrelevant antibodies were used as controls. Cells 

were incubated with the appropriate mAh at 4°C for 30-60 minutes. Labelled 

cells were analysed by flow cytometry using a Becton-Dickinson FACScan 

using FACScan or Cell Quest software. A total of 10^ to 10^ viable cells per 

sample were collected.
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2.8 Immunohistology 

Lymphoid tissues

Antisera and mAbs used for immunohistology were rat anti-mouse CD3 (KT3), 

CD4 (GK1.5), CD8a  (Ly-2), hamster anti-mouse TCRP (H57) and TCR Vp4 

(KT4-10), Vp6 (44-22-1), VpS (F23.1), VplO (KTIO), and V p il (K il l) .  These 

were a generous gift from Dr E Simpson, MRC, Ham m ersm ith Hospital, 

London. Vpi4 (14-2) was a kind gift from Dr H  R MacDonald, Ludwig Inst., 

Epalinges, Sw itzerland. H am ster anti-m ouse CD3 (500-A2) was from 

Pharmingen. Hamster anti-mouse TCR5 (3A10) was a kind gift from Prof. J J T 

Owen, University of Birmingham. Sheep anti- mouse IgD. Donkey anti-sheep 

IgG (H+L) HRP conjugate were from Binding Site Ltd (Birmingham, UK). 

Biotinylated PNA was from Sigma. Biotin and HRP conjugated rabbit anti-rat 

immunoglobulins and Strept ABComplex alkaline phosphatase and HRP were 

from Dako Ltd. Goat anti-hamster IgG (H+L) alkaline phosphatase was from 

Seralab. Biotinylated goat anti-ham ster IgG (H+L) w as from  Vector. 

Levamisole, 3, 3'diaminobenzidine, naphthol AS-MX phosphate and fast blue 

BB salt were purchased from Sigma.

Tissue processing was carried out on 5 |xm thick sections cut from frozen tissue 

blocks and thaw mounted onto 4 spot glass slides. These were air dried for 1 

hour before fixing in acetone for 20 min at 4°C. Fixed slides were stored at 

-70°C until ready for use. The double staining protocol was designed and 

optimised by Adam Gulbranson-Judge, University of Birmingham. Adjacent 

serial sections were double stained for CD3 + IgD, CD4, CDS or TCRP; PNA + 

IgD and TCRÔ alone. All secondary Abs were adsorbed w ith 10% normal 

mouse serum  for 30 min prior to use to prevent cross reaction w ith mouse 

tissue.



63

To identify CD3/CD4 or CDS double positive cells, slides were washed for 5 

m in in Tris buffered saline, pH7.6. before incubating with the appropriate 

mAbs for 45 min at room temperature. After washing in 2 changes of buffer, 

sections were incubated w ith goat anti-ham ster IgG (H+L), alkaline 

phosphatase and biotinylated rabbit anti-rat immunoglobulins for 45 min. The 

final incubation was with Strept ABComplex HRP for 30 min. After further 

washing the HRP was developed using 3,3'diaminobenzidine (1 m g /m l in Tris 

buffer, pH7.6, containing 1 drop H2O 2). Alkaline phosphatase was then 

developed using the substrate naphthol AS-MX phosphate (0.4 m g/m l) and 

colour reagent Fast blue BB salt (1 m g/m l) in Tris buffer pH9.2 containing 0.8 

m g/m l levamisole.

Double staining with IgD and CD3/PNA was used to determine lymphoid 

organ compartments. Sections were washed and incubated as before with the 

appropriate primary reagents followed by donkey anti-sheep IgG (H+L) HRP 

and in the case of CD3, biotinylated rabbit anti-rat Ig. Final incubation was 

w ith StreptABComplex alkaline phosphatase and the slides w ere then 

developed as previously described.

To identify P TCR and 5 TCR +ve cells, sections were washed and incubated as 

before with the appropriate mAb. These were detected with biotinylated goat 

anti-hamster followed by StreptABComplex alkaline phosphatase. Slides were 

then developed as previously described.

Intestinal tract

Tissues were fixed in 10% neutral buffered formalin for a m inim um  of 24 

hours. All of the intestinal tract was then sampled and processed according to 

standard protocols. Tissues were embedded in paraffin wax, from which 3pm 

sections were cut and stained with haemotoxylin and eosin (H and E).
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2.9 Tissue culture

Sterile tissue culture glassware was supplied by ICRF and plasticware obtained 

from Falcon, UK. Cells were grown in a water saturated atmosphere of 5% 

C02- Culture medium supplements and selection reagents were supplied by 

Gibco Life Technologies, UK and Sigma UK unless stated otherw ise. 

Mycoplasma-screened FCS was heat inactivated at 56°C for 1 hr. P2 cell 

culture hoods were used. Cell lines were cultured in R PM I1640 containing 5 

to 10% FCS. All cells were screened for mycoplasma (PFLO). Cells were 

counted using a Neubauer haemocytometer. Trypan blue dye exclusion was 

used to identify viable cells.

2.10 Cell fusion and cloning

Media

Selection 
10% FCS
O.IM hypozanthine, 5.7|iM azaserine (HA)
ImM  oxaloacetate, 0.45mM pyruvate, 0.2 U /m l insulin (Ix OPT)
IL-6 lOOU/ml (Boehringer)

Cloning 
20% FCS 
2xOPI
IL-6 200U/ml

10^ spleen cells and 3 x 10^ of the myeloma line NS-1 were washed in serum 

free RPMI. The cells were resuspended, mixed and pelleted by centrifugation 

at ISOOrpm for 10 minutes. The pellet was dried carefully by aspiration and 

cells were resuspended by tapping the tube. Cells were kept in a beaker of 

37°C water while PEG and RPMI were added as follows: 1ml 50% PEG(6000) 

(prepared by autoclaving) in 1ml RPMI which had been pre-warm ed were
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added slowly while stirring over 1 minute. The mixtures was stirred for an 

additional minute and 10ml pre-warmed serum free RPMI was added slowly 

over 10 minutes. RPMI was then added to fill the tube to 50ml and the cells 

were centrifuged as above. The pellet was resuspended in RPMI containing 

10% FCS and pelleted as above. Cells were resuspended in 60ml Selection 

medium and plated at a density of 10^/cells/w ell in lOOpl volume on six 96- 

well microtitre flat bottom plates. Media was changed every four days. After 

12 to 16 days, supernatants were screened by ELISA.

Hybridomas were cloned by limiting dilution. Four tubes containing Cloning 

Medium were prepared. lOjil of cells were added to 3ml of Cloning Medium. 

Three 1/10 dilutions were made. lOOjil of each dilution was added to 24 wells 

(containing lOOjil Cloning Medium) in a 96 well microtitre plate. After 7 to 12 

days supernatants were screened by ELISA.

2.11 Bacterial strains

Both strains are derivatives of £. coli K12.

Strain Genotype
JMlOl A{lac -proAB), thi, supB

F' [frflD36, proAB+, lac¥{, ZAM15]

XL-1 blue swpE44, hsdRV7, recAl, endA l, gyrA45, thi,
rc/Al, Lac-
F' [proAB+, /flciq, ZAM15, TnlO(tefr)]

2.12 Bacterial media

Reagents were obtained from Difco, UK.

L - broth per litre
bacto-yeast extract 5g
bacto-tryptone lOg
NaCl lOg
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adjusted to pH7.6 with lOM KOH

TY-broth per litre
bacto-yeast extract 5g
bacto-tryptone lOg
NaCl lOg
adjusted to pH7.2 with lOM KOH

2TY-broth per litre
bacto-yeast extract lOg
bacto-tryptone 16g
NaCl 5g
adjusted to pH 7.2 with lOM KOH

0 -broth per litre
bacto-yeast extract 5g
bacto-tryptone 20g
magnesium sulphate 4g
KCL 0.75g
adjusted to pH 7.6 with lOM KOH

L, TY, 2TY and F agar - were made from broth as above plus 15g/L bacto-

agar execept TY top agar which contains 7g/L  bacto agar.

M9 salts: 5X stock
disodium hydrogen orthophosphate (anhydrous) 30g
potassium dihydrogen orthophosphate (anhydrous) 15g
sodium chloride 2.5g
ammonium chloride 5g
adjusted to pH  7.2 with lOM KOH

Minimal agar plates
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15g bacto-agar was added to 1 litre of 1 x M9 salts, then sterilised by 

microwaving and allowed to cool to 60°C. The following sterile solutions were 

then added before plates were poured:

20% glucose 10ml
IM  magnesium sulphate 2ml
IM  calcium chloride 0.1ml
thiamine 2mg

2.13 Preparation of competent E. coli for transformation

Com petent bacteria were prepared using a modification of the m ethod of 

Hanahan, 1983. Fresh buffers were made for each batch of competent bacteria 

and were filter sterilised before use.

TFBl TFB2
30mM potassium acetate lOmM sodium-MOPS
50mM manganese chloride lOmM potassium chloride
lOOmM potassium chloride 75mM calcium chloride
lOmM calcium chloride 15% (v/v) glycerol
15% (v/v) glycerol adjusted to pH7.0 with IM  HCl
adjusted to pH  5.8 with 0.2M
acetic acid

Competent E. coli for transformation w ith bacteriophage 

JMlOl E. coli were used for transformation w ith bacterophage M13. F+ 

bacteria were maintained by growth on minimal agar plates. A O -agar plate 

was streaked with JMlOl bacteria and incubated at 37°C overnight. A single 

colony was used to inoculate 10ml O broth overnight, and this culture was then 

diluted 1/20 in 100ml <3> broth in a large flask. The flask was shaken at 37°C 

until the OD of the suspension reached 0.48 at 550nm. The bacteria were 

chilled on ice, centrifuged for 7 m inutes at 2500rpm, 4°C and gently 

resuspended in 40ml ice cold TFBl and incubated for 90 m inutes on ice.
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Bacteria were pelleted for 5 minutes as above and gently resuspended in 4ml 

ice cold TFB2. Aliquots of SOOjxl were snap frozen in liquid nitrogen and 

sto red  at -70°C. T ransform ation com petency w as determ ined  by 

transformation with a known concentration of supercoiled M13.

Competent E. coli for transformation w ith plasm ids

For transformation with plasmids, XLl-blue E. coli were used. The m ethod 

was as described above with the following modifications. The stock plate was 

L-agar, the overnight culture was grow n in L-broth plus tetracycline 

(7.5)ig/ml) and the final culture was grown in L-broth.

2.14 Transformation with M13

Competent JMlOl E. coli were thawed on ice and 1 to 5fil of ligation mixture 

added per lOOjil bacteria. The mixture was incubated on ice for 40 minutes, 

heat shocked at 42°C for 90 seconds and returned to ice for 1 minute. 0.42ml O 

broth was added and the bacteria were shaken gently at 37°C for 30 minutes. 

0.2ml of exponentially growing JMlOl E. coli , 25jxl isopropyl-p-D-thio- 

galactopyranoside (IPTG), 25jd 5-bromo-4-chloro-3-indolyl-p-D-galactoside (X- 

gal) were added. This mixture was then added to 3ml of TY top agar, pre- 

warmed to 50°C. The bacteria were poured onto warm 9cm TY agar plates and 

incubated overnight at 37°C. Recombinant M13 produce white plaques, wild 

type produce blue plaques.

2.15 Transformation with plasmids

Competent XLl-blue E. coli were thawed on ice and 3 to 5|il ligation mixture 

was added per lOOjil bacteria. The mixture was incubated for 40 minutes on 

ice, heat shocked at 37°C for 60 seconds and returned to ice for 1 minute. 0.2ml 

L-broth was added and the bacteria were shaken gently at 37°C for 20 minutes. 

Bacteria were spread onto L-agar plates containing SOjig/ml ampicillin and
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incubated overnight at 37°C. Plasmids derived from ampicillin resistant 

colonies were analysed by restriction enzyme digest.

2.16 Preparation of bacteriophage or plasmid DNA

Solution 1
50mM glucose 
lOmM EDTA pH 8.0 
25mM tris-HCl pH 8.0

Solution n
0.2M NaOH 
1% SDS

Solution m
3M potassium acetate
5M acetate (glacial acetic acid) pH 4.8

Small scale DNA preparation (minipreps)

For preparation of bacteriophage DNA, single white plaques were picked into 

1.5ml of exponentially growing JMlOl E. coli in 2TY broth and shaken for 5 

hours at 37°C. The culture was centrifuged at 13,000rpm for 5 minutes, the 

supernatant stored ('phage stock' containing ssDNA) and the pellet used to 

prepare dsDNA. For plasmid preparations, single ampicillin resistant colonies 

were picked into 5ml L-broth and shaken overnight at 37°C. 1.5 ml of this 

culture was centrifuged and the pellet used to prepare dsDNA. Bacterial 

pellets were resuspended in 100 jil of cold Solution I, vortexed well and 200|il of 

Solution n  and 150|il cold solution IE were added. The lysate was vortexed 

vigorously and centrifuged for 5 minutes at 13,000rpm. The supernatant was 

transferred to another tube and the DNA extracted with an equal volume of 

phenol/chloroform . DNA was then precipitated w ith 2 volumes of absolute 

ethanol, pelleted and washed once in 70% ethanol before being resuspended in 

deionised water containing RNAse A at a final concentration of 20|ig / ml.



70

Large scale DNA preparation (maxipreps)

For large scale M13 preparation 1ml of phage stock was used to inoculate 

200ml of exponentially growing JMlOl E. coli in 2TY-broth and was shaken 

for 5 hours. For plasmid preparations lOOpl of a m iniprep culture of an 

individual bacterial colony was added to 400ml L-broth containing 50pg / ml 

ampicillin and shaken overnight. Both preparations of bacteria were pelleted 

by centrifugation at SOOOrpm and resuspended in 40ml of Solution I, followed 

by 80ml of Solution II and 40ml of Solution III. The lysate was separated from 

cell debris by centrifugation at 2500rpm for 10 minutes and the DNA was 

precipitated by adding 0.8 volume of isopropanol and spinning at SOOOrpm for 

15 minutes. The DNA pellet was resuspended in TE pH 8.0 to a final volume 

of 9ml. lOg of caesium chloride and 500p,l of lOm g/m l ethidium bromide were 

added to the solution. DNA was isolated after spinning at 45,000rpm in a 

Beckman ultracentrifuge for 24 hours. DNA bands were rem oved by 

aspiration and ethidium  bromide extracted w ith several changes of water 

saturated butan-l-ol. The DNA was then precipitated by adding 2 volumes of 

absolute ethanol and spinning at SOOOrpm at room temperature for 15 minutes. 

DNA was resuspended in dH 20 and the concentration and purity determined 

by spectroscopy. Maxiprep DNA was aliquoted and stored at -20°C.

2.17 Estimation of nucleic acid concentration
DNA or RNA were diluted in dH 20 and placed in a quartz cuvette. The OD 

was m easured at 260nm on an LKB spectrophotom eter. Nucleic acid 

concentration in pg /m l was calculated by multiplying the absorbance reading 

by the dilution factor and then by 50 for dsDNA 40 for RNA and 33 for 

oligonuclotides. A ratio of OD 260/O D  280 was also calculated to determine 

the purity of the sample. In some cases DNA concentration was estimated by
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visualisation on agarose gels and comparison to the intensities of m arker 

bands.

2.18 Agarose gel electrophoresis

Resolution of DNA fragments was performed using a Gibco BRL Horizon tank 

or a Pharmacia minigel tank. Gels contained 0.6 to 3% agarose (Seakem), 

O.Sjig/ml ethidium bromide in Ix TBE buffer (or Ix TAE for gels containing 

low melt agarose). DNA samples were loaded into wells with 1 /6  volume of 

6x loading buffer containing 30% glycerol (v /v), 0.25% brom ophenol blue 

(w /v). Ikb DNA ladder (Boehringer) was used as a standard to determine 

sam ple fragm ent size. DNA was visualised on a UV light box. DNA 

fragments excised from agarose gels were purified using a Geneclean II kit (Bio 

101, Inc).

2.19 Preparation of cytoplasmic RNA

RNA was prepared from 10^ to 10^ cells per sample using 0.2ml RNAzol B 

(Biogenesis Ltd) per 10^ cells. Cells were washed twice in PBS to remove FCS. 

Supernatant was carefully removed from the pellet and the cells were lysed by 

resuspension in RNAzol. RNA was extracted by addition of 1/10 volume of 

chloroform. Samples were shaken virorously for 15 seconds and left on ice for 

5 minutes. The suspension was centrifuged at 4°C, 13,000rpm for 15 minutes. 

The aqueous upper phase was transferred to a fresh tube and an equal volume 

of isopropanol was added for 15 minutes at 4°C. The samples were then 

centrifuged as above and the pellet washed with 75% ethanol, vortexed and 

centrifuged for 8 minutes at 4°C. The pellet was dried and resuspended in 

dH 20 . For long term storage precipitated RNA was kept under ethanol at 

-70°C.
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2.20 Preparation of cDNA

5}ig of total RNA was resuspended in 16|il RNAse-free w ater and 4|xl of

Im g /m l oligo dT was added. The mixture was allowed to anneal at 55°C for 3

minutes and then put on ice for 3 minutes. The following were then added: 
O.SSjxl RNAse inhibitor (Promega, 40U/|il )
1.5pl dH 20
8|xl mixed dNTPs each at 5mM (Boehringer)
4|il O.IM DTT in IM potassium acetate pH7.5 
4|il 10 reverse transcriptase buffer (Life Sciences)
2\il reverse transcriptase (Life Sciences 20U/|j1)

The mixture was incubated at 42°C for 1 hour and 60|il of dH 20  then added. 

cDNA was precipitated with an equal volume of 4M ammonium acetate and 3 

volum es absolute ethanol for 10 m inutes at room  tem perature. After 

centrifugation the pellet was washed in 70% ethanol and resuspended in 200jil 

dH20.

2.21 Polymerase chain reaction (PCR)

PCR was used to amplify cDNA samples derived from hybridomas and PNAhi 

FACS sorted splenocytes. The following primers were used to amplify Ig gene 

segments:

5 '-3 '

Jk5 - (CGTTTCAGCTGCAGCTTGGTCCCAG)*

C\L - (CAGGGGGCTCCTGCAGGAGACGAGG)*

Cyl - (CAGCAGCTGCAGGGGCCAGTGGATAG)’̂

VHOxl - (TCCTCTCTAGAGCCCCCATCAGAGCATGGC)*

V kO xI (CCTGCTAATCAGTGCCTCAGTCATAATA)’̂*

*Berek et al, 1991, **Kaartinen et al, 1988

All primers contain Pstl sites except VHOxl which has an Xbal site.



73

Template DNA was mixed with dNTPs (final concentration 200|iM each), 1 

unit Vent polymerase and Vent buffer (New England Biolabs) in a total volume 

of 50|il which was covered with a drop of light mineral oil. The reactions were 

carried out in a Perkin Elmer Cetus thermal cycler as follows:

1 cycle dénaturation at 94°C for 3 minutes
anneal at 69°C for 1 minute* 
extend at 72°C for 30 seconds*

25 - 30 cycles denature at 94°C for 45 seconds
anneal at 69°C for 1 minute* 
extend at 72°C for 30 seconds*

final cycle as above but with 1 minute extension

For some reactions 'touch down' conditions (Don et al, 1992) were used to 

reduce non-specific priming. The method was as described above except that 

the annealing termperature of the first cycle was 71 °C, 70°C in the second cycle 

and 69°C in subsequent cycles. *For primers other than those listed above, 

PCR was carried out under similar conditions except that the annealing 

term perature varied depending on the proportion of A+T and C+G in the 

primer (calculated as [n(A+T) x 2 + n(C+G) x 4] - 2 ) and the extension time was 

altered depending on the predicted product size (~lkb/m inute). All primers 

were synthesises at ICRF PCR products used in subcloning were purified using 

Wizard PCR xx kit (Promega) before and after enzyme digestion.

2.22 Restriction enzyme digests

All enzymes and buffers were obtained from Boehringer or New England 

Biolabs. For digestion of plasmids, bacteriophage or PCR products, restriction 

endonucleases were used at a final concentration of 1 unit/|Xg DNA. Digests 

were carried out at 37°C for 1 to 2 hours. For genomic DNA, 10 to 20 |ig DNA
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was digested using 30 to 40 units of enzyme in a volume of lOOjil. Spermidine 

was aded to a final concentration of 4mM and the digest was carried out 

overnight.

2.23 Ligation of PCR products into M13

Digested vector and insert DNA were mixed at molar ratios of 1:1,1:3 and 1:10. 

Two control reactions with vector alone, with and without ligase were also 

prepared. Ligations were performed in lOjil, containing 10 to 20ng vector 

DNA, insert DNA, ligase buffer, and lOOU of T4 DNA ligase. Enzyme and 

buffer were obtained from New England Biolabs. Reactions were carried out at 

room temperature for 1 to 2 hours.

2.24 DNA sequencing

Preparation of single stranded M13 DNA for sequencing

ssDNA was prepared from M13 phage stock (sectionxxx). 1.5ml of phage stock 

was added to 150|xl 20% PEG, 2.5M sodium chloride and inverted gently. After 

15 m inutes at room temperature, DNA was recovered by centrifugation at 

13,000rpm for 10 minutes and redissolved in lOOpl TE pH  8.0. The DNA was 

extracted with phenol, followed by chloroform and precipitated w ith 1 /10  

volume 3M sodium acetate pH 5.2 and 2.5 volumes absolute ethanol. After 

centrifugation as above, DNA was washed in 70% ethanol and resuspended in 

15)il dH 20. 5jil DNA was used in each sequencing reaction.

Sequencing reactions

A modified version of the dideoxy chain term ination sequencing reaction 

(Sanger et al, 1977) was performed using the Sequenase Version 2.0 Kit (USB). 

Template DNA, sequencing buffer and 2.5ng of oligonucleotide prim er were 

heated at 65®C for 2 minutes and allowed to cool slowly to room temperature. 

The following were added to the annealed template and primer: Ip l O.IM
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DTT, 2^1 SX labelling mix (7.5|xM each of dGTP, cCTP and dTTP), 0.5|d 35s- 

dATP and 2|il Sequenase (T7 DNA polymerase) diluted 1 /8  in enzyme dilution 

buffer. After 1 to 5 minutes at room temperature, 3.5|il of the reaction was 

added to 2.5jil of each termination mix (containing either A, G, C or T ddNTPs 

and a mixture of all four dNTPs at 80|iM each) in a 96 well microtitre plate. 

The reaction was stopped by addition of 4 |il of stop solution to each 

termination reaction. Samples were heated to 95°C for 2 minutes and placed 

on ice before loading.

Sequencing was also perfomed using a Pharmacia Autoread 1000 sequencing 

kit which is also based on the dideoxy sequencing method. The protocol was 

similar to that described above with some modifications. A fluorescent primer 

instead of radioactive ATP was used to label the samples. The samples were 

electrophoresed on a Pharmacia LKB ALP DNA Sequencer.

Acrylamide gel separation of sequencing reactions

Biorad gel apparatus was used for DNA sequences synthesised using the 

Sequenase Version 2.0 Kit described above. 50 mis 6% acrylam ide/bis- 

acrylamide (denaturing) (Scottlab) was polymeraized by addition of 300|il 10% 

ammonium persulphate and 40|il TEMED. 0.4mm spacers and shark's tooth 

coomb were used. After pouring the gel was left overnight. Samples were run 

from 1.5 to 4 hours at 50 to 55W. The gel was transferred onto 3MM paper, 

dried on a vacuum drier at 80°C for 1 hour and exposed overnight on Fuji or 

Kodak XAR5 film at room temperature.

2.25 Labelling of DNA probes

Oligo labelling buffer (OLB):

Solution A Solution B
1.25M Tris-HCl pH  8.0 2M HEPES pH  6.6
0.125M magnesium chloride
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18|il 2-mercaptoethanol per ml 
5|xl per ml each of O.IM dATP, DTTP 
and dGTP in TE (Pharmacia)

Solution C
90 OD units/m l random hexadeoxyribonucleotides (Pharmacia).

Solutions were mixed in proportions of 10:25:15 and stored in aliquots at -20°C. 

DNA probes were labelled using the method of Feinberg and Vogelstein, 1984. 

DNA fragments in low melting TAB agarose were heated to 95°C for 8 minutes 

and the following reagents added: lOjil OLB, 2|il 10 m g/m l BSA, 5|il 32p-dCTP 

(Amersham) and Ijil Klenow fragment of DNA polymerase I, in a total volume 

of 50|il. After incubation at room temperature for at least 2 hours, lOOpl STE 

was added and the mixture was centrifuged at 2000rpm for 5 minutes through 

a Sephadex G-50 m edium  grade column equilibrated in STE to remove 

unincorporated label. The eluate was counted in an Oncor Probecount to 

determine specific activity and boiled for 5 minutes prior to hybridisation.

2.26 Preparation of genomic DNA

Proteinase K (PK) buffer

50mM Tris-HCl pH 8.0

lOOmMEDTA

lOOmMNaCl

1% sodium dodecyl sulphate (SDS)

Cells derived from mouse tail snips were resuspended in 700pl PK buffer. 

2.5pl PK (lOmg/ml) was added and the lysate incubated overnight at 55°C. 

RNAse was then added (final concentration 150pg / ml) and incubated at 37°C 

for 1 hour. The DNA was extracted twice with phenol /  chloroform and once 

with chloroform and then precipitated with 0.7ml ice cold isopropanol. After 

centrifugation the pellet was washed with 70% ethanol and resuspended in
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dH 20. Genomic DNA was stored at 4°C. Samples were digested using EcoRl 

for southern blot analysis.

2.27 Southern blotting of genomic DNA

Denaturing solution Neutralising solution
1.5MNaCl 1.5MNaCl
0.5M NaOH 0.5M Tris-HCl pH  7.0

2 to 5|xg digested genomic DNA per sample were loaded onto a 0.7% agarose

gel and electrophoresed for 3 to 5 hours at 60 to 70 mAmps. The gel was

incubated for 30 minutes in D enaturing Solution w ith gentle agitation,

followed by two 15 minute incubations in Neutralising Solution. The gel was

then transferred to a Gene Screen Plus nylon membrane by overnight capillary

action in 20x SSC. The blot was air dried and UV crosslinked using a

Stratagene UV crosslinker.

2.28 Hybridisation of Southern blots
The filter was incubated in Church and Gilbert buffer (24.2g N aH 2P04, 49g 

Na2HP04 per litre, ImM EDTA, 7% (w /v) SDS) for at least 1 hour at 65°C in a 

roller bottle (Hybaid). Labelled probe was then added with fresh buffer and 

hybridised overnight. The filter was washed twice for 30 minutes in Ix  SSC, 

0.5% SDS at 65°C. Blots were exposed on Kodak XAR5 film at -70°C in

cassettes w ith intensifying screens. Mice were genotyped by identification of a

4kb band indicating a wild type TCRa gene or a 2.8 kb band indicating a 

disrupted TCRa gene when probed with a 0.5kb TCR C a fragment.
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Chapter 3 

Lymphocyte proliferation and 
antibody responses

3.1 Introduction
3.1.1 Non-ap T cells

ap T cells are considered to be the primary regulators of the immune response. 

Their functions as cytotoxic T lymphocytes and both Thl and Th2 helper cells 

have been extensively characterised. aP T cell help is thought to be essential 

for some aspects of B cell development as well as for the regulation of T cell 

effector functions. The extent to which yÔ T cells perform comparable or 

complementary functions is less clear. y5 T cells proliferate in vivo in a wide 

range of infectious diseases and there is increasing evidence that they have a 

distinct role in protection against organisms such as listeria (Mombaerts et al, 

1993, Skeen and Zeigler, 1993), plasmodia (Tsuji et al, 1994) and mycobacteria 

(Ladel et al, 1995). It has been difficult, however, to separate their effector 

functions from those of ap T cells or to determine if their proliferation is a 

bystander effect of the activation of ap T cells.

y5 T cells have cytolytic activity (Borst et al, 1987, Brenner, et al, 1987) and are 

also able to produce high levels of cytokines (Eichelberger et al, 1991, Porcelli et 

al, 1991). Although the range of cytokines produced by yô T cells is wide, it has 

not been established whether functionally distinct T hl and Th2 subsets exist in 

vivo. It has recently been reported, however, that freshly isolated yô T cells 

from norm al mice produced either IFN-y following imm unisation w ith L. 

monocytogenes or IL-4 after immunisation with Nippostrongylus brasiliensis but 

not both concurrently (Ferrick et al, 1995). This study showed that during the 

first 13 days of primary parasitic infection, IL-4 production was limited to yÔ T 

cells and suggested that yÔ T cells may influence the differentiation of other T
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cells into Thl or Th2 phenotypes becuase of their early effect on the cytokine 

environment.

Little is known about the extent to which 7Ô T cells can provide help for B cell 

differentiation. 76 T cells have been found to induce Ig production in B cells 

(Sperling and Wortis, et al, 1989, Vidovic and Dembic, 1991) but have also been 

reported to suppress IgG secretion by autologous B cells (Hacker et al, 1995). 

They express many of the same adhesion molecules as ap  T cells including 

gp39 (Horner et al, 1995) which is required for some aspectes of T cell-B cell 

collaboration. A though most 76 T cells are double negative, there is some 

evidence that expression of CD4 or CDS may correlate w ith function in a 

manner analagous to ap T cells. CD4+ 78 T cells are rare in normal individuals, 

but hum an 78 T cells have been identified which have a Th phenotype in that 

they lack cytolytic activity but produce high levels of cytokines (Morita, et al, 

1991). This subset also expresses higher levels of CD28 than the CD4~ subset 

which may enhance their ability to interact with B cells (Spits, et al, 1991).

TCRa"/" mice provide an excellent system in which to investigate the function 

of 78 T cells and to determine the absolute requirement of ap  T cells for a given 

function. Although studies of nude mice have been immensely useful in 

elucidating T cell function, some of the data are equivocal. Nude mice have 

varying num bers of a p  T cells which develop w ith  age and antigenic 

stimulation outside the thymus (MacDonald et al, 1981). Although they contain 

normal numbers of intestinal 78 lELs, they lack the 78 subsets which originate 

in the thymus. Subsets of 78 T cells differ extensively in the am ount of 

juncitonal and combinatorial diversity which they contain. 78 T cells found in 

the skin, which express V75 for example have an almost monoclonal group of 

receptors (Itohara et al, 1990). It has therefore been postulated that these cells 

may recognise a relatively common or conserved antigen such as heat shock 

protein (O'Brien et al, 1992). The V74 subset which populates lymphoid tissues
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is notable because the TCRs of this family contain extensive junctional 

diversity. This is partly due to their later development in thymic ontogeny 

when TdT activity is increased (Gilfillan et al, 1993, Rothenberg and Triglia, 

1983). This diversity of their TCRs is potentially greater than that of ap  T cells. 

These families may be able to recognise at least as broad a spectrum  of 

antigens as those of ap T cells.

A novel T cell subset has also been identified in the TCRa"/" mice (Mombaerts 

et al, 1992). TCRa"P+ cells were first identified in the thymus of TCRa"/" mice 

but are also present in the thymus of normal mice. In the thymus the p chain 

is expressed with a surrogate a  chain (pre-Ta), a 33kd glycoprotein which co- 

immunoprecipitates with the TCRP chain (Groettrup, et al, 1993, St Ruf, et al, 

1994). The surrogate a  chain is m onom orphic, does not undergo  

rearrangement and appears to be T cell lineage specific. It is present in both 

normal and nude mice and has been identified in immature T cells in intestinal 

epithelia and liver. Pre-Ta mRNA has also been detected in in bone marrow of 

normal and rearrangement deficient mice (Bruno et al, 1995)

Pre-Ta has not, however, been identified any m ature T cells in any tissue or 

cell line studied thus far. Nor has pre-Ta expression been detected in the 

peripheral lymphoid tissue of TCRa"/" mice (Bruno et al, 1995). Biochemical 

evidence suggests that mature T cells cannot express stable cell surface TCRP 

chains in the absence of TCRa chains (Groettrup, et al, 1992). Although it has 

been suggested that the p chains may be expressed as a homodimer (Groettrup, 

et al, 1993) the structure of the TCR p+ receptor in the periphery remains 

unknow n. TCRp+ cells may be subject to positive selection during  

development as they are barely detectable in TCRa"/" x MHC II " /"  animals 

(Mombearts, et al, 1994). Although TCRp+ pre-Ta+ cells clearly represent a 

crucial stage of thymic ontogeny in normal mice, the existence of m ature
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TCRa~p+ cells in wild type animals has not been demonstrated. This question 

remains difficult to resolve due to the absence of a pan-TCRa antibody.

3.1.2 Lymphocyte expansion in TCRa~/“ mice

TCRa”/”  mice kept in isolators or SPF conditons contain normal numbers of B 

cells and yÔ T cells (Philpottef al, 1992). Lymphoid tissues appear relatively 

shrunken due to the absence of ap T cells. Results in this chapter demonstrate 

that lymphocytes in TCRa”/”  mice proliferate extensively in response to 

environmental antigens (Viney et al, 1994). When these mice are kept in open 

cage housing, a striking expansion of lymphoid tissues is seen. A though the 

majority of the cells are B cells, y5 T cells increase both proportionally and in 

absolute num bers, as do TCRp+ cells which are barely detectable in SPF 

animals. The yô population is polyclonal and expresses activation markers, 

such as CD69 (Viney et al, 1994). The TCRp+ population also appears to be 

polyclonal (see Chapter 4). In order to determine whether TCRp+ cells are 

necessary for yÔ expansion, TCRP”/”  mice were also analysed. These mice had 

expanded numbers of yÔ T cells and B cells, similar to those seen in TCRa” /”  

animals. Excessive B cell expansion does not, however, occur in the absence of 

all T cells. TCR(p x Ô)”/”  double mutant mice analysed in this study contained 

normal or slightly reduced numbers of B cells and consequently appeared to 

have relatively shrunken lymphoid tissues.

3.1.3 T indenpendent antigens

Analysis of the different TCR mutant animals provides a system in which the 

true T dependence of a given antigen can be assessed. Antigens normally 

described as T dependent (TD) consist of polypeptides. T independent 

an tigens are d iv ided  into tw o categories: TI-1, w hich  contain

lipopolysaccharide; and TI-2 which consist of polysaccharides. Although there 

is a broad range of antigens described as T independent (TI), T cells may in fact 

enhance responses to some of these antigens in normal animals. They may also
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affect the range of Ig isotypes and subclasses expressed or the kinetics of the 

response. While nude mice have been useful in broadly defining TI antigens, 

they do contain non-thymically derived subsets of both a p  and yÔ T cells. 

Reconstitution experim ents have also given some indication as to the 

requirement for T cell help for a given antigen, but the difficulty in obtaining 

pure populations is considerable. Evidence for T cell involvem ent in TI 

responses has also been gained from experiments in which T cell subsets have 

been depleted by specific antibody. However, there are differences in the 

apparent T dependence of a given antigen depending on whether animals have 

been acutely or chronically T cell depleted (Mond, et al, 1995). This suggests 

that compensatory mechanisms for providing help to B cells exist and make the 

question of whether T cells normally contribute to these responses even more 

difficult to answer. In this study, responses to both TD and TI antignes have 

been examined. Responses to the TI-1 antigen TNP-LPS have been examined 

in TCRa"/", TCRp"/" and TCR(P x Ô)"/" mice. The results indicate that T cells 

influence the antibody response both quantitatively and qualitatively. 

However, this effect does not require ap  T cells. The response to a TI-2 

antigen, Pneumovax II, has also been compared between TCRa"/" and wild 

type mice. The results show a marked increase of antigen specific IgG and IgA 

in the absence of ap  T cells.

3.2 Results
3.2.1 Lymphocyte expansion in exposed TCRcc~/~ mice

To assess the extent of lymphocyte expanstion induced by environm ental 

antigenic challenge, a group of TCRa"/" mice (n=24) was transferred from SPF 

conditions to open cage housing and compared to a control group of age- 

matched TCRa"/" mice kept in SPF conditions (n=10) and TCRa+/" animals 

kept in open cages (n=10). Animals were kept in open cage facilities from one 

to six weeks before sacrifice. Total cell yields of spleens and MLNs were 

determ ined and are shown in Figure 3.1. The TCRa"/" mice exposed to
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environmental challenge exhibit a striking degree of lymphocyte expansion. 

The mean cell yield of spleens from exposed TCRa~/“  mice (18.59 x 10^) was 

significantly higher than that of exposed TCRa+/" (6.38 x 10^) or unexposed 

TCRa"/" animals (4.56 x 10^). For MLNs, the mean cell yields for exposed 

TCRa"/" mice (2.36 x 10^) was also higher than that of exposed TCRa+/" 

heterozygotes (1.26 x 10^) or unexposed TCRa"/" mice (1.07 x 10^). The degree 

of lymphoid expansion correlated approximately w ith the length of time the 

animals had been exposed to environmental antigens. Cell yields from spleens 

and MLNs were determined from a group of 36 mice, aged 16-20 weeks, after 

the animals were transferred from SPF conditions to open cages for up to two 

weeks (Figure 3.2). There was wide variability between individual mice in the 

degree of lymphoid organ enlargement. However, there was a clear trend 

toward increasing cellularity in the spleens and MLNs after as little as one 

week of exposure.

It should be noted that considerable variation in lymphocyte expansion was 

evident within the group of animals kept in open cages. In some cases, TCRa" 

/"  mice were able to survive for extended periods (up to several months) in 

open cages without showing signs of cachexia. In other instances, they were 

able to be kept in open cages for only 2 to 3 weeks, presumably due to acute 

susceptibility to certain pathogens, e.g. m urine hepatitis virus (MHV) (see 

below).

TCRa"/" mice kept in SPF conditions also exhibited variation in the degree of 

lymphocyte expansion. Although SPF facilities are routinely checked for 

microbial contamination, this only includes a lim ited specified group of 

organisms. Therefore, it is possible that the antigenic environment may change 

significantly over time. Conditions may also vary considerably betw een 

different SPF units.
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Figure 3.1 Total cell num ber in lym phoid organs in TCRa“ /“  and 

TCRa"*"/" mice. The total cell yields from spleens and MLNs of 

TCRa"*"/" mice kept in open cages and TCRa"/" mice kept in SPF 

facilities or open cage housing are shown. Each dot represents the 

total number of nucleated cells from an individual tissue.
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Figure 3.2 Increase in the size of lym phoid organs in TCRa“ “̂  

mice w ith increased length of exposure to environmental antigens.

Total cells yields from spleens and MLNs of mice kept in open cage 

housing for a given number of days are shown. Each dot represents 

the total num ber of nucleated cells from an individual tissue.
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3.2.2 Increased numbers of yô T cells in exposed TCRa~/“ mice

To determine the extent to which yS T cells contributed to the increased size of 

lymphoid organs in exposed animals, SPL, MLN, PLN, and PP were analysed 

by FACS. Results are summarised Table 3.1a and representative FACS profiles 

show n in Figure 3.3. Analysis of 30 exposed TCRa”/”  mice, 12 exposed 

heterozygotes and 18 unexposed TCRa”/”  mice revealed increased proportions 

of cells expressing TCR y6 in all lymphoid compartments analysed in exposed 

TCRa”/”  mice compared with either exposed heterozyogotes or control TCRa”  

/”  animals. Individual mice did not consistently show similar increases in yÔ 

cells in different lymphoid compartments, suggesting that local proliferation of 

yô T cells can occur (Viney et al, 1994).

yô T cells were also analysed for expression of CD4 and CD8. Approximately 

two thirds of yÔ T cells in TCRa~/“  mice were double negative (n=24). The 

remaing one third consisted of CD4 and CD8 single positive cells. The ratio of 

CD4 to CD8 cells varied between mice and among tissues from an individual 

mouse, suggesting that these populations expand independently. An average 

of 22% CD8+ and 12% CD4+ yô T cells were found in MLNs. Figure 3.4 shows 

FACS profiles of MLNs from two mice which illustrate the variability in 

percentage of CD4 and CD8 yÔ cells.

Further evidence that yô T cell expansion is antigen driven is shown in Chapter 

4. Briefly, a germfree colony of TCRa”/”  mice has also been established. 

Exam ination of gross m orphology revealed that lym phoid organs were 

reduced in size. Immunohistological analysis of these tissues showed a 

striking reduction in the num ber of yô T cells relative to tissues from age- 

matched mice kept in either SPF or open cage conditions.
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Table 3.1a Pecentage of yô T cells in exposed and control TCRa~^“  and 
TCRa+/“  mice

SPL MLN PP PLN

exposed TCRa+^ 1.5 ±1.1 2.1 ±0.5 1.6 ±0.6 1.4 ±0.3

SPF T C R a-/- 4.1 ±  1.8 5.0 ±3.4 4.0 ±1.6 4.9 ±1.0

exposed TCRa"/" 11.8 ±4.1 18.1 ±4.2 12.3 ±4.8 19.2 ±5.6

Table 3.1b Pecentage of TCRp+ cells in exposed TCRa"/" mice

SPL MLN PP PLN

exposed TCRa"/" 7.0 ±2.2 9.1 ±3.6 6.1 ±2.4 10 ±4.4

TCRa+/"» 28 ±3.0 71 ± 1.9 30 ±3.2 68 ±2.7

T cells
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Figure 3.3 FACS analysis of TCRÔ expression in  lym phoid tissues 

of exposed TC R a" "  and TCRa+ "  mice. Cells isolated from SPL, 

MLN, PP and PLN of a 12 week old TCRa"/" mouse and an age 

m atched control were stained with an anti-TCRô antibody. The 

percentage of positive cells is shown in the upper right corner of 

each histogram.
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Figure 3.4 FACS analysis of CD4 and CDS expression on yô T cells 

in TCRa"/" mice. Ceils from MLNs of two age-matched TCRa"/" 

mice were triple stained with antibodies against TCRÔ, CD4 and 

CDS. Panels (a) and (d) show TCR5 staining against forward scatter. 

TCRô^ cells were gated and analysed for co-expression of CD4 

(panels b and e) and CDS (panels c and f). The percentage of 

positive cells is shown in the upper right corner of each dot plot or 

histogram.
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3.2.3 Expansion of TCRp+ cells

FACS analysis revealed very low num bers of TCR|3+ cells in unexposed 

animals. This population was, however, significantly expanded in exposed 

TCRa"/" mice. Mean values are given in Table 3.1b (n=24) and representative 

FACS profiles are shown in Figure 3.5. The level of TCRp+ expression in 

TCRa"/" mice was lower than that of ap  T cells in control animals (mean 

fluorescence intensities were 31.8 and 47.6, respectively). CD4/8 expression 

was also analysed by FACS staining. An average of 40% of TCRp+ cells were 

CD4+, less than 3% expressed CD8 (Figure 3.6).

There is some evidence that TCRP and TCR5 chains may be expressed on the 

sam e cell. Both chains have been identified on a hum an  cell line 

(Hochstenbach and Brenner, 1990). Cells were double stained w ith ant-TCRÔ 

and TCRp and analysed by FACS in order to determine w hether TCRP and 

TCRÔ are co-expressed on the same cell. No double positive cells were 

identified 18 mice analysed (Figure 3.7).

3.2.4 Independent expansion of yÔ and TCRp+ cells

The ratio of yÔ to TCRP+ cells in individual lymphoid tissues was assessed in 

order to determine if the two populations could expand independently. The 

ratio of yô to TCRp+ cells ranged from 1.4 to 9.5 In almost all cases yÔ cells 

were m ore num erous that TCRp+ cells. The ratios differed significantly 

between individual animals and between tissues from the same animal. (Table 

3.2)
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Figure 3.5 FACS analysis of TCRp expression in lym phoid tissues 

of exposed TC R a"/" and TCRa+/" mice. Cells isolated from SPL, 

MLN, PP and PLN of a 14 week old TCRa"/" mouse and an age 

matched control were stained with an anti-TCRp antibody. The 

percentage of positive cells is shown in the upper right corner of 

each histogram.
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Figure 3.6 FACS analysis of CD4 and CDS expression on TCRp+ cells in 

TCRa"/" mice. Cells from the MLN of an exposed TCRa"/" mouse were 

triple stained with antibodies against TCRp, CD4 and CDS. Panel (a) shows 

TCRp staining against forward scatter. TCRP"  ̂ cells were gated and analysed 

for co-expression of CD4 (panel b) and CDS (panel c). The percentage of 

positive cells is shown in the upper right comer of each dot plot or histogram.



TTO

r> 
o  H

•NJ
FL2 2 1

TCRP

m m

97

T C R 6  25%

■ ■ — T. 
10"̂ 10̂

FLl

Figure 3.7 Lack of co-expression of TCRp and TCRô

Cells from the MLN of an exposed TCRa"/" m ouse were double stained with  

antibodies against TCRp and TCRÔ. N o double p ositive  cells (above 

background levels) were detected. The percentage of single positive cells is 

indicated.
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Table 3.2 Ratios of yô /TCRp+ cells in TCRa“/~ mice

SPL MLN PP PLN

6.5 1.8 3.6 3.5

5.3 3.3 2.5 4.5

6.2 1.9 1.4 2.6

9.5 2.7 3.5 3.0

4.7 8.8 5.1 2.6

1.9 4.0 2.1 2.9

3.3 1.7 2.8 3.1

4.4 3.6 2.9 1.5

Each row of ratios was derived from an individual mouse.
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3.2.5 B cell expansion

The majority of cells in spleens and lymph nodes in exposed TCRa"/" mice are 

B cells. Figure 3.8 shows the percentage of B cells present in spleen and MLN 

from a TCRa"/" animal and a heterozygote control. B cells were identified by 

positive staining with anti-B220 and negative staining with anti-CD3. (A small 

number of CD3/B220 double positive cells were present in TCRa"/" mice.)

3.2.6 Lymphocyte expansion in other TCR mutant mice

In order to determine which cells are required to mediate the lymphocyte 

expansion detected in TCRa"/" mice, two other strains of TCR m utant mice 

were analysed, TCRp"/"and TCR(P x Ô)"/" (Mombaerts et al, 1992). Exposed 

TCRP"/" mice showed an increase in total cell num ber in lymphoid organs 

(Figures 3.9) relative to control animals. Although the level of lymphoid 

expansion was somewhat lower than that seen in TCRa"/" mice, the mean cell 

yield of spleens (15.5 xlO^) and MLNs (2.14 x 10^) from TCRP"/" mice were 

significantly higher than wild type controls (7.3 x 107) and (1.24 xlO^) 

respectively. Lymphocyte expansion was not evident in TCR(p x 6)"/" mice 

in which mean cell yields were 4.93 x 107 for spleens and 0.51 x 10^ for MLNs.

The proportion of yô T cells was also increased in exposed TCRp"/" mice 

(Figure 3.10). In contrast to TCRa"/" mice, the yÔ T cell population in TCRP"/" 

mice had few CD4+ cells. Representative FACS profiles of CD4 and CDS 

staining are shown in Figure 3.11.
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Figure 3.8 B cell expansion in exposed TCRa“ "̂" mice. Spleens and MLNs 

from a TCRa“ “̂ mouse and an age-matched control were double stained with 

antibodies against B220 and CD3 and analysed by FACS. CD3 , 3220“̂ 

populations are shown. The percentage of positive cells is indicated in the 

upper right comer.
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Figure 3.9 Total cell num ber in lym phoid organs of exposed 

TCRP”/“ , TCR(P X 6)“/“  and control mice. The total cell yields 

from spleens and MLNs are shown. Each dot represents the total 

number of nucleated cells from an individual tissue.
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Figure 3.10 FACS analysis of TCR5 expression in lym phoid tissues of 

exposed TCRp~/“  and control mice. Cells isolated from SPL and MLN, of a 

15 week old TCRP~^“  mouse and an age matched control were stained with an 

anti-TCRô antibody. The percentage of positive cells is shown in the upper 

right corner of each histogram.
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Figure 3.11 FACS analysis of CD4 and CDS expression on TCR6+ cells in 

TCR(3~/~ mice. Cells from the MLN of an exposed TCRp“ “̂  mouse were triple 

stained with antibodies against TCRô, CD4 and CDS. Panel (a) shows TCRÔ 

staining against forward scatter. TCR6+ cells were gated and analysed for co

expression of CD4 (panel b) and CDS (panel c). The percentage of positive cells 

is shown in the upper right comer of each dot plot or histogram.
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3.2.7 B cell function

Serum Ig levels in the 3 strains of TCR mutant mice were compared with those 

in control animals (Figure 3.12). TCRa~/“  mice were able to produce levels of 

serum  Ig, including IgGl, comparable to controls, consistent w ith previously 

published data (Wen et al, 1994). TCRp“/“  and TCR(p x 5)“ /“  animals had 

significantly lower levels of IgGI, similar levels of IgG2a, IgG2b, IgM, 

somewhat higher levels of IgG3 and slightly lower levels of IgA compared to 

TCRa~/“  and control mice.

3.2.8 Responses to TD antigens

The ability of B cells to respsond to different types of antigen was assessed. 

TCRa“ /“  mice and heterozygote controls were immunised separately with 

three protein antigens, KLH, HEL and BSA. Specific serum  titres were 

analysed by ELISA. TCRa“/“  were unable to produce detectable IgG titres to 

any of these antigens, even after boosting. Anti-KLH titres are show n in 

Figure 3.13 (data not shown for HEL and BSA).

The response to viral antigens was also investigated. A group of 12 TCRa~/~ 

mice which survived for only a short period in open cages were examined post 

mortem. All of these mice had pathology characteristic of hepatitis and tested 

positive for the presence of murine hepatitis virus (MFTV). Anti-MHV titres in 

sera collected from these animals were analysed by ELISA together w ith sera 

from wild type mice kept in the same unit. None of the sera from the 12 

TCRa“/“  mice tested contained significant levels of anti-MHV antibodies, 

whereas 9 out of 10 of the wild type mice tested positive (Figure 3.14). Wild 

type mice remained healthy until the time of sacrifice.
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Figure 3.12 Serum Ig levels in TCR m utant mice. The relative 

concentrations of Ig isotypes and subclasses in TCRa“/“ , TCRP“/” , 

TCR(p X b)~^~ and control mice were determ ined by ELISA. 

Background O. D. values were less than 0.1.
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Figure 3.13 Anti-KLH IgG titres in TCRa~/~ and TCRa^/" mice. Animals 

were bled on day seven following secondary imm unisation and sera were 

analysed by ELISA. Background O.D. values for 1/50 dilution of pre-bleed 

sera were less than 0.1.
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Figure 3.14 Anti-M HV IgG antibodies in TCRa~^“  and TCRa+^“  mice. 

Antisera dilutions of 1/10 were analysed by ELISA. The background O.D. 

value for a negative control serum was less than 0.15.
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3.2.9 Responses to TI antigens

In order to determine the extent to which T cells may affect responses to TI 

antigens, TCR m utant mice were immunised w ith TI-1 and TI-2 antigens. 

Their specific antibody responses were com pared w ith those of control 

animals. Control, TCRa"/”  , TCRp”/”  and TCR(p x 5)”/"  were immunised and 

boosted with a haptenated TI-1 antigen, 2, 4, 6-trinitrophenyl conjugated to 

bacterial lipopolysaccharide (TNP-LPS). In these experiments TCRa”/”  mice 

derived on a 129 background were used in order to more closely match the 

genetic background of TCRP”/” and TCR(P x 5)” /”  animals. The total Ig titres 

to TNP in all 3 TCR m utant strains were comparable to controls (data not 

shown). This result is consistent with previously published data (Mombearts et 

al, 1994). However, analysis of IgG titres to TNP revealed a significant 

difference. This difference was not apparent w hen total Ig titres were 

analysed, presumably because of the strong IgM response. Total IgG titres 

following prim ary and secondary immunisations are shown in Figure 3.15. 

TCR(p X Ô)” /”  had anti-TNP titres which were two (primary response) to three 

(secondary response) fold lower than contol mice. Both TCRa”/”  and TCRp”/”  

mice produced titres which were similar to controls, although the titre of 

TCRp”/”  mice was somewhat lower thant that of TCRa”/”  animals. There was 

a small increase in the secondary titre in control TCRa”/”  and TCRP”/”  mice 

which was not seen in TCR(P x 5)”/”  mice.

The relative proportions of isotypes and subclasses in the prim ary and 

scondary responses to TNP are shown in Figure 3.16. Only control and TCRa” 

/”  mice made a significant IgGl response. There was an increase in IgA and a 

smaller increase in IgG2a production in TCRa”/”  mice during the secondary 

response.
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Figure 3.15 Anti-TNP IgG titres in T C R a"/- T C R p-/- TCR(P x 

Ô)-/- and control mice. Animals were bled on day seven following 

primary and secondary immunisation with TNP-LPS (n=8 for each 

strain of mouse) and sera were analysed by ELISA. Background 

O.D. values for pre-bleed sera (1/10 dilution) were less than 0.1.
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Figure 3.16 Ig isotypes and subclasses in the anti-TNP response.

Relative isotype and sublclass consentrations are shown for TCRa" 

TCRP"/", TCR(p X Ô)"/" and control mice (n=6 for each strain of 

mouse). Animals were bled on day seven following primary and 

secondary immunisation with TNP-LPS and sera were analysed by 

ELISA. Background O.D. values were as follows: less than 0.1 (IgG 

subclasses); 0.3 (IgA); 1.2 (IgM).
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Antibody responses to a TI-1 antigen were tested in TCRa"/" and TCRa+/" 

m ice. The antigen used for im m unisation, Pneum ovax II, consists of 

polysaccharides from 23 strains of Gram positive bacteria. TCRa"/" mice 

produced higher total IgG titres (Figure 3.17) and higher levels of all subclasses 

and iso typ es (except IgM) than h eterozygote controls (Figure 3.18). 

Background levels of IgM (in pre-bleeds) were, however, high. This may be 

due to contamination of Pneumovax with phosporylcholine (PC).

Because of the putative involvement of yô T cells in responses to mycobacterial 

infections, TCRa"/" mice and heterozygote controls were im m unised w ith M. 

vaccae. Total IgG titres and relative proportions of isotypes and subclasses are 

shown in Figures 3.19 and 3.20. Total IgG titres were almost identical betw een  

the two groups of mice as were levels of IgG l, IgG2a and IgG2b. Levels of 

IgG3, IgM and IgA were somewhat higher in TCRa+/" than TCRa"/" mice.
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Figure 3.17 Anti-Pneumovax IgG titres in T C R a"/" and TC R a^/" mice. 

Animals were bled on day ten after prim ary im m unisation (n=8 for each 

mouse strain) and sera were analysed by ELISA. Background O.D. values for 

pre-bleed sera (1/40 dilution) were less than 0.1.
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Figure 3.18 Anti-Pneumovax Ig isotypes and subclasses in TC R a" 

and TCRa+/“  mice. Animais were bled on day ten follwing 

prim ary imm unisation (n=6 for each mouse strain) and sera were 

analysed by ELISA. Background O.D values were less than 0.1 

(IgGl and IgG2b), 0.2 (IgG2a and IgA), 0.3 (IgG3) and 1.2 (IgM).
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Figure 3.19 Anti-M. vaccae IgG titres in  T C R a"/" and TC R a^/" mice. 

Animals were bled on day 12 following primary immunisation (n=8 for each 

mouse strain) and sera were analysed by ELISA. Background O.D. values for 

pre-bleed sera (1/20 dilution) were less than 0.1.
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Figure 3.20 Anti-M. vaccae Ig isotypes and subclasses in TCRa"/" 

and TCRa+/" mice. Animals were bled on day 12 following primary 

immunisation (n=8 for each mouse strain) and sera were analysed 

by ELISA. Background O.D. values were less than 0.15.
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3.3 Discussion
3.3.1 Lymphocyte expansion

This study demonstrates that in the absence of ap T cells both TCRP+ and yô T 

cells as well as B cell compartments undergo extensive expansion in TCRa"/" 

mice. The observation that the level of expansion correlates with the length of 

exposure to adventitious challenge suggests proliferation is driven by 

environmental antigens. Consistent with this hypothesis, tissues from germfree 

TCRa"/" animals are reduced in size and contain very few yÔ or TCRP+ T cells.

The ability of yÔ T cells to respond to antigen indpendently of aP T cells has 

been difficult to demonstrate. Although there have been numerous reports of 

yô reactivity to various antigens in vitro , these results are open to a num ber of 

criticisms. The yô populations may not be completely free of ap  T cells and 

freshly isolated yÔ cells may have already been activated by ap T cells in vivo. 

The use of clones or established lines may not accurately reflect yÔ responses in 

vivo. To determine whether yô proliferation in vivo is a bystander effect of aP 

T cells has been extremely difficult until recently.

The results of this study raise further questions regarding the role of aP T cells. 

It is unclear whether the extensive lymphocyte expansion seen in TCRa"/" 

mice is a direct or indirect consequence of their absence. Lymphocyte 

proliferation may be excessive as a result of the persistence of antigens which 

the animals are unable to clear due to their lack of aP T cells. Alternatively, it 

may be that a specific function of ap T cells is to limit lymphocyte proliferation 

during a normal immune response.
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3.3.2 Antibody responses

Results of these experiments confirm the essential requirement for ap T cells in 

antibody respsonses to some types of antigen. No detectable titre to any of 

three protein antigens was seen in TCRa"/" mice. This is consistent w ith 

previously published data (Mombaerts, et al, 1994).

While TCRa"/”  mice are often able to survive extended periods in open cage 

housing, where they are exposed to a wide range of organisms, there are 

certain types of infection to which they are particularly susceptible. The 

observation that TCRa”/" mice succumb so quickly to infection by MHV and 

their inability to make an IgG response underlines the importance of aP T cells 

in protection against viruses. This is consistent with the finding that TCRa"/" 

mice infected with influenza were unable to clear the virus nor to make an anti

viral IgG response (Eichelberger, et al, 1995,). Mice lacking CDS are capable of 

clearing an influenza infection, albeit less efficiently than normal mice (Bender 

et al, 1992). In CDS"/" mice, a strong antibody response is effective in clearing 

the virus and the main role of the CD4+ subset is thought to be in providing B 

cell help.

Results in this chapter also help to elucidate the role of T cells in response to TI

antigens. Antibody responses to TNP-LPS were clearly augm ented and

showed differences in isotype and subclass composition when T cell help was

available. However, help can apparently be provided by non-ap T cells as

there was little difference in the response of TCRa"/”  mice compared w ith

controls. In both TCRa"/" and TCRP"/" mice yô T cells were able to provide

help to B cells not only in enhancing the primary response (relative to TCR(P x

Ô)”/" animals), but also in generating a secondary response. This is somewhat

surprising given that nude mice produce significantly lower anti-TNP titres
(

com pared to controls and show no evidence of a secondary response (Liu,
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1989). This suggests that a thymically derived population of yô T cells is 

capable not only of enhancing antibody responses to TI-1 antigens but also of 

generating a memory response. This is consistent with the observation that yô 

T cells in the peritoneal cavity of wild type but not nude mice increase 

following infection with E. coli (Takada et a l,, 1993).

Comparison of antibody responses to Pneumovax in TCRa"/" and control mice 

confirms the importance of aP T cells in regulating IgG production in normal 

mice. Previous studies have reported that nude mice produce higher levels of 

IgG antibodies to pneumococcal polysaccharide (Baker et al, 1973) and dextran 

(Schuler et al, 1992) than wild type animals. Increased levels of anti- 

Pneumovax antibodies were also found in TCRa"/" mice relative to controls, 

indicating aP T cells are required to limit IgG production. These antibodies 

may, in part, account for the high serum Ig levels, particularly IgG l, seen in 

TCRa"/" mice. The correlation between T cell help and the antibody response 

to TI-2 antigens is not straightforward. Other investigators have reported that 

depletion of all T cell subsets (Mond et al, 1995) reduces the capacity to respond 

to TI-2 antigens, suggesting that T cell help is a critical factor at tw o 

independent stages of the response. In the absence of any T cell help, resting B 

cells cannot be activated by TI-2 antigens (Thompson et al, 1984). Although T 

cells are required at this stage, yÔ or possibly TCRP'*' cells are able to provide 

the necessary signal(s). Subsequently, ap  T cells are required to limit IgG 

production. This may be advantageous because it p revents excessive 

p roduction  of IgG to environm entally  abundan t bacterial an tigens. 

Interestingly, germfree wild type mice have high IgG titres to TI-2 antigens 

(Schuler et al, 1982) which are sustained even after transfer to conventional 

housing suggesting that the ability of aP T cells to '"suppress" the response is 

acquired through contact with bacteria early in life. It would be of interest to 

test TI-2 responses in TCR(p x ô)"/" mice in order to confirm that other cell
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types are unable to provide the secondary activation signal to resting B cells in 

Tl-2 responses.

Antibody responses to M. vaccae were also tested in TCRa~/“  mice. Although 

hum oral responses to mycobacterial infections are usually not protective, the 

nature of the antibody response may influence disease progression (reviewed 

in Grange, 1984). There is evidence that some types of anti-mycobacterial 

antibodies may be detrimental (Bothamley et al, 1992). Numerous studies have 

suggested y6 T cells have an important role in mycobacterial infections. TCRa" 

mice were able to produce antibody repsonses to M. vaccae which were 

similar to controls indicating that ap T cells are not required for a large part of 

the hum oral response. IgG levels were almost identical, although there was 

slightly less IgG3 in TCRa"/" animals.

3.3.3 T cell subsets

This study raises further questions about the the distinct functions of the 

TCRp+ and yô T cell subsets in TCRa"/" mice. Where possible, TCRa"/" 

animals were compared with other TCR mutant strains in order to determine 

the relative contributions of these two populations. In some respects the 

phenotype of TCRP"/" mice was more similar to that of TCR(p x Ô)"/" than 

TCRa"/" mice. Levels of serum  IgGl and TNP specific IgG l were 

considerably lower in TCRP"/" than TCRa"/" mice. However, like the TCRa" 

/"  animals, TCRP"/" mice were able to produce higher anti-TNP total IgG titres 

and an enhanced secondary response not seen in TCR(p x ô)"/" mice. TCRp"/" 

animals also showed significant levels of lymphocyte expansion which were 

not evident in TCR(P x 8)"/~ mice.

The most obvious explanation for these discrepancies is that TCRp'*' cells are 

responsible for the phenotypic differences observed in TCRa"/" and TCRp"/"
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strains. This is not necessarily the case. The different stagees at which thymic 

ontogeny is blocked in the two TCR mutant strains may be significant not only 

because of the lack of TCRP"^ cells in TCRP~/“ mice but also because of the 

almost complete absence of double positive thymocytes in these animals, yb 

subsets arise in temporally distinct waves during thymic ontogeny and there is 

evidence that both yb and ap  populations can share a relatively late common 

precursor in the double negative population (post CD25 expression) (Petrie, et 

al, 1992). It is therefore not clear whether differences in phenotype between 

TCRa~/“  and TCRP~/~ mice are attributable to TCRp"^ cells or a subset of yÔ T 

cells which is absent or greatly reduced in TCRp“/“  animals. CD4+ yÔ T cells 

are very rare in TCRp“/“  mice but easily detectable in TCRa~/“  animals. This 

y6  subset may be derived from a population of thymic precursors which has 

already undergone TCR p rearrangem ent and expression of the pre-TCR 

(Dudley et al, 1995). It is possible that these cells are present in TCR P~/~ 

animals. If the population arises after P rearrangement, but before pre-TCR 

expression, it would be expected that these cells would be present in TCR p~/~ 

animals, but in greatly reduced numbers in comparison to TCR a~/~ mice. 

Differences in the genetic backgrounds of the two TCR m utant mouse strains 

cannot be ruled out as a contributing factor.

The most notable feature of both specific antibody responses and serum  Ig 

levels is the relative abundance of IgGl in the TCRa~/”  mice. It is not known if 

TCRp+ cells produce IL-4, However there is evidence that yÔ T cells from 

TCRa~/“  (Wen et al, 1994) and normal mice (Ferrick et al, 1995) produce IL-4. 

The question remains as to why TCRP“/“  mice should have reduced levels of 

IgGl when they have yÔ populations which are as numerous as those in TCRa“  

mice. It m ay be that although TCRp”/“  mice have a thymically derived 

population of y ô  T cells not present in nude mice and which accounts for the 

difference in the anti-TNP response relative to TCR(P x b)~^~ animals, they are
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lacking a yS subset which is present in TCRa~/“  mice. These yÔ T cells may 

arise late in thymic ontogeny and may more frequently express CD4 and 

consequently have a distinct Th phenotype.

Little is known about the function of TCRP+ cells. This study and others show 

that they are clearly able to proliferate in vivo. However, it is not clear whether 

yô T cells are required to initiate this expansion, nor have previous 

investigations demonstrated the specificity of TCRp+ cells for a given antigen. 

Large num bers of TCRp+ (as wells as yÔ) cells have been reported to 

accumulate at sites of infection, in, for example, the lung of influenza infected 

TCRa~/“  mice (Eichelberger et al, 1995). These cells are not, however, specific 

for influenza, although they can be stimulated with anti-CD3 or superantigens.

A num ber of questions regarding the respective functions of TCRp+ and yô 

subsets remain unresolved. The ability of these two populations to participate 

in germinal centre formation is discussed in Chapter 4.



127

Chapter 4 

Germinal Centre Formation

4.1 Introduction
The collaboration of T cells and B cells is a fundamental feature of the immune 

response to many antigens. Cognate interactions between T and B cells are an 

important stage in the regulation of the immune réponse as at this point both 

the B cell and T cell are recognising the same antigen, although not necessarily 

the same epitope. Apart from the interaction between the TCR w ith antigen 

presented in the context of MHC on the B cell, ligation of other cell surface 

molecules are essential for the induction of B cell differentiation. Among these 

are CD40 and B7, expressed on B cells which bind gp39 and CD28/CTL4, 

respectively, on T cells (discussed in Chapter 1). It is partly through these 

interactions that T cells exert their regulatory role, w ithout which B cell 

function is severely impaired.

Among the most im portant features of B cell immunity are the ability to 

produce high affinity antibodies and to generate memory B cells. Both affinity 

maturation and memory B cell formation occur within germinal centres which 

develop in the follicles of secondary lymphoid tissue (Klaus et al, 1980, Coico et 

al, 1983, Berek et al, 1991, Jacob et al, 1991). Germinal centres are sites of 

m assive clonal expansion of B cells during  T cell-dependent antibody 

responses (Kroese et al, 1987, Liu et al, 1991). In order to form germinal centres, 

B cells must first be activated by T cells. This occurs in the T cell zone and it is 

during this prim ary interaction that isotype switching of imm unoglobulin 

genes is induced (Liu et al, 1991). Subsequently, the B cell may differentiate 

into an antibody secreting plasma cell or, alternatively the B cell may migrate 

to the edge of the T cell zone and begin to form a germinal centre.
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A single germinal centre normally contains an oligoclonal B cell population 

(Kroese et al, 1987). Initially B cell centroblasts downregulate their surface 

immunoglobulin receptors and undergo several cycles of cell division. During 

this process a hyperm utation mechanism is activated that acts selectively on 

the genes that encode their receptors for antigen (Griffiths, et al, 1984, Jacob, et 

al, 1991, Pascaul, et al, 1994). Subsequently, immunoglobulin receptors are re

expressed at the cell surface, possibly in a mutated form and B centrocytes are 

selected by their ability first to bind antigen held on follicular dendritic cells 

(Liu, et al, 1989) and then to process and present this antigen in a form 

recognisable to local T cells (Gray, et al, 1994, Casamayor-Palleja, et al, 1995). 

Cells that are selected leave the germinal centre to become memory B cells 

(Klaus, et al, 1980, Coico, et al, 1983) or plasma cells (Tew, et al, 1992). In normal 

mice there are very few T cells in resting follicles but antigen-specific T cells 

are induced to migrate to follicles early during an antibody response where 

they undergo clonal expansion (Zheng, et al, 1994).

Although T cells have been shown to be essential for inducing clonal B cell 

expansion in germinal centres (Liu, et al, 1991, Kroese, 1987), the process has 

mainly been studied in the context of the response to protein antigens and thus 

far only a[3 T cells have been identified within germinal centres. N on-peptide 

antigens such as lipopolysaccharide (LPS) and dextran have also been reported 

to induce the formation of germinal centres in wild type mice (Goodlad and 

Macartney, 1995). Although these are classified as T independent antigens, T 

cells do augm ent the antibody reponose to them (discussed in Chapter 3). 

There have been conflicting reports regarding the ability of some TI antigens to 

elicit germinal centre formation. Antigens which are chemically similar may 

differ considerably in their ability to drive germinal centre formation. Dextran 

a (l-6 )  induces num erous germinal centres whereas dextran a (l-3 )  does not
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(Wang, et al, 1994). It has been suggested that this may be due to differences in 

the responding B cell population, however, the T cells which participate in 

these responses have not been characterised.

The results presented in this chapter show that well developed germinal 

centres are present in the secondary lymphoid organs of mice deficient in 

TCRa gene expression. These studies define a new anatomical form of the 

germinal centre comprising B cells and non-aP T cells. Germinal centres are 

not seen in TCRp~^~ mice kept in similar conditions. Both strains of mice have 

yô T cells, bu t it is a subset of T cells expressing TCRp and CD4 that are 

dom inant in the germinal centres of TCRa~^“ mice. Exceptionally germinal 

centres were associated with CD4+ yô T cells. The expression of CD4 seems to 

be im portant, for few extra-follicular T cells have CD4 and CD4 is largely 

absent from TCRP~/~ T cells.

A germfree colony of TCRa"/" mice was established in order to investigate the 

range of antigens capable of inducing germinal centres and thus provide 

evidence as to which antigens may be recognised by either TCRP"^ or yÔ T cells. 

Surprisingly, germinal centres were found in germfree TCRa"/" animals, albeit 

at a lower frequency than in conentionally housed mice. This suggests that 

both exogenous and endogenous antigens are able to drive germinal centre 

formation in these animals.

4.2 Results
4.2.1 Germinal centres in TCRa~/~ mice

To determine whether germinal centres are formed in TCRa"/" mice, spleen 

and Peyer's patches from these mice and heterozygous TCRa"*"/”  animals that 

have normal num bers of ap T cells were examined immunohistologically. In 

16 TCRa"/" mice, housed under specific pathogen free (SPF) or open cage
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conditions, germinal centres were found in the spleens from 13 of the mice and 

in the Peyer’s patches from 10 mice (Table 4.1). These were detected by lack of 

cells staining w ith anti-IgD , which characterise the surrounding follicular 

mantle (Figure 4.1 a,d) and positive staining w ith peanut agglutinin (PNA). 

Splenic germinal centres in eight TCRa“ “̂ mice were found to be significantly 

larger than those in seven TCRa+^~ mice, while Peyer's patch germinal centres 

were significantly larger in the heterozygous controls (Table 4.2). Mesenteric 

lymph nodes (MLNs) were also examined. In most cases large T cell zones and 

prominent germinal centres were identified (data not shown).

Relative to TCRa"*"/”  animals the spleens of TCRa"/" mice contained large 

numbers of IgG plasma cells and, in some cases many IgA plasma cells in the T 

zones and also in the red pulp (data not shown). This is consistent that with 

the observation that TCRa"/" mice frequently produce high levels of serum  

and IgG l and increased IgA (Wen, et al, 1994 and Chapter 3). In Peyer's 

patches from TCRa"/" mice, there were large num bers of IgA plasma cells 

(similar to that seen in TCRa+/" mice). Increased numbers of IgG and IgM 

plasma cells were present.

4.2.2 Germinal centre T cells

As germinal centre formation and subsequent B cell selection is associated with 

B cell-T cell collaboration, the phenotype of germinal centre T cells in TCRa”/" 

mice was studied. The dominant T cell subset in germinal centres from all but 

one of these mice was CD3, CD4, TCRP+ (Fig. 4.1 b,c). Occasional TCR6+ cells 

that were CD4” were also present in these germinal centres. Interestingly, one 

of the TCRa”/” mice showed a different phenotype. Germinal centres in this 

animal contained TCR8+ cells which notably were CD4+. Very few TCRP'*' cells 

were detected in the germ inal centres of this m ouse (Figure 4.2c). The 

occasional TCRp^ cells which were present were CD4".
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Extra-follicular T cells were present in much lower numbers in the TCRa~/“ 

mice than in TCRa+^“ controls (Fig. 4.1). These were mostly CD4/CD8 double 

negative and TCRyÔ+, although some CD8+y5 cells were present. Outside 

follicles, CD4+ cells were a minor subset and most of these were TCRp+. FACS 

analysis of mesenteric lymph nodes showed CD4 to be expressed on an 

average of 12% of TCRÔ+ (range 2-25%, n=20) and 47% of TCRp+ (range 13-70, 

n=20) (see Chapter 3).
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Table 4.1

T h e  freq u en cy  o f g e rm in a l cen tres a n d  g e rm in a l cen tre  T  cell p h e n o ty p e

m o u s e

g en o ty p e

n

(age, w k)

a n im a l
h o u s in g
category

g erm in a l cen tres 

sp le e n  P eyer's  patch

fo llicu lar T 
cell 

p h e n o ty p e

ot-/- 8 SPF + Iw k 5++ 5++, 1+, 1- 7C D 4,C D 3+

(12) o p en  cage 1+ 2 - 1 N D TCRP+6-

a + / -

(12)
SPF + Iw k  
o p en  cage

a ll+ + 3++, 1 N D all CD4,CD3+ 
T C R P + 6-

OL-f- 8 (4***1
(8)

SPF 7++
1-

2++ 1 + 
5-

7C D 4,C D 3+
TCRP+6- 

1 CD4,CD3+
T C R 5+P-*

0L +/-
(8)

SPF 4++ 4+ + all CD4,CD3+ 
TC R P+**

(X -/- 11
(11-17)

g erm  free 4++, 1 + 
1 ± ,5 -

11- CD4,CD3+
TCRP+6-

P -/- 9
(18-22)

SPF 9- 9- few  CD3+,CD4-

++ = w ell fo rm ed  g e rm in a l cen tres  in  several follicles 

+ = g e rm in a l cen tres  in  a few  follicles,

±  a c c u m u la tio n s  o f TCRP+,CD4+,CD3+ T cells in  follicles o n ly  
- = n o  g e rm in a l cen tres  seen

*bad ++ g e rm in a l cen tre s  in P ey er's  pa tches; T  cell p h e n o ty p e  th ere  n o t d e te rm in ed  
**p resum ed  T C R ap

’***mice u sed  in  the  q u a n tita tiv e  co m p ariso n s  o f  g e rm in a l cen tre  size  
N D = n o t d o n e
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Figure 4.1 G erm inal centres in T C R a"/" and TCRa+/" mice. 

Photomicrographs of spleen sections each showing the edge of the 

T zone (T) and follicle with a follicular mantle (FM) and a germinal 

centre (GC). Panels (a), (b) and (c) are of serial sections from a 

TCRa-/" mouse, (d), (e) and (f) from a TCRa+/“ heterozygote. Both 

spleens were from 12 week old mice, bred and maintained in SPF 

conditions until the last week before sacrifice w hen they were 

m oved to a conventional animal house. Panels (a) and (d) are 

stained to show T cells in blue, stained by indirect immunoalkaline 

phosphatase to identify CD3 and to show IgD+ B cells that are 

m ain ly  in the  fo llicu lar m an tle  in  gold  by in d irec t 

immunoperoxidase. Panels (b) and (c) are stained to show CD3 

expression (blue) and CD4 expression (gold) double positive cells 

stain dark brown. In the TCRa~/” mouse (b) double positive cells are 

predom inant and are mainly confined to the germinal centre; cells 

positive for CD4 only (arrowed) in the T zone in (b) and (c) are 

interdigitating cells. Panel (c) is stained to show TCRp (blue) and 

CD4 (gold); the germinal centre T cells are double positive. Panel (f) 

is stained to show TCRp+ cells (blue) in the TCRat^" spleen.
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Table 4.2 Percentage of total follicular area occupied by  germinal centres

Spleen 

median range

Peyer's Patches 

median range

TCRor/- 21 0 -3 8 8 0 - 2 3

TCRa+/- 14 1 0 -16

(p=0.02)*

39 26 -  52 

(p=0.0015)’̂

*Mann Witney test
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Figure 4.2 Expression of TCRyÔ or TCRp on germ inal centre T 

cells. Photomicrographs of immunohistology of serial sections of 

spleens, a -  c) from a TCRa"/" mouse in which most germinal 

centres contain yÔ T cells, yb T cells are identified as staining CD3+ 

and TCRP". a) CDS (blue) and IgD (gold), germinal centre (G); T 

zone (T), FM follicular mantle (FM); b) CDS (blue), CD4 (gold), 

double positive cells are dark brown; c) TCRp (blue) only occasional 

cells are TCRP+.

e -  f) serial sections of the spleen from another TCRa"/" mouse 

where most of the germinal centre T cells show the more typical 

TCRp+ phenotype, e) CDS (blue) and IgD (gold); f) CDS (gold) and 

CDS (blue) -  germinal centre T cells are CDS^, CDS"; g) TCRp (blue) 

most germinal centre cells are TCRp"*".
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4.2.3 Germinal centres in germfree TCRa~/“ mice

To see if germinal centre formation in TCRa~/“ mice is driven by extrinsic 

antigen, a germfree colony was established. The TCRa~^“ mice were derived by 

sterile hysterectomy into a germfree environment that has been maintained for 

20 years and has been consistently free from demonstrable microorganisms 

except m urine leukaemia virus, which is passed in the germ line in an 

integrated form. Regular checks show the colony to be free from microbial 

contamination. These TCRa~^“ mice show the characteristic colonic atrophy 

associated with germfree animals (Goodlad, et al, 1989). Surprisingly, 5 of 11 

germfree TCRa~/“ mice had well-developed germinal centres in their spleens, 

bu t none in their Peyer's patches (Figures 4.3 and 4.4). T cells w ithin the 

splenic germinal centres were TCRP" .̂ Additionally, clusters of T cells were 

seen in follicles of one animal; these T cells were not part of germinal centres, 

as assessed by the absence of IgD" B cells.

4.2.4 TCR repertoire

To explore the TCR repertoire used in germinal centres in TCRa"/" mice, 

m aintained under various conditions, Vp types were assessed in splenic 

germinal centres of 15 mice using a panel of VP specific antibodies (Table 4.3). 

A broad spectrum of Vps was found. In any one germinal centre a single Vp 

tends to be dom inant, and commonly this VP was found in m ost other 

germinal centres of the same spleen. In some spleens, up to 4 VPs were 

identified in different follicles.
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Figure 4.3 Germinal centres in spleens from germfree T C R a"/" 

mice. Photom icrographs of immunohistology of : a -  d) serial 

sections of the spleen from a TCRa"^/" mouse kept in open cage 

housing; e -  h) serial sections of the spleen from a germfree TCRa" 

/"  mouse, a, e) PNA (blue) and IgD (gold); b, f) CDS (blue) and IgD 

(gold); c, g) CDS (blue) and CD4 (gold); d, h) TCRp (blue).
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Figure 4.4 Absence of germinal centres in Peyer’s patches from 

germfree TC R a"/" mice. Photomicrographs of immunohistology 

of serial sections of Peyer's patches from: a -  d) a TCRa+/" mouse 

kept in SPF conditions. The serosal surface is below the base of the 

photomicrograph and the gut luminal surface at the top. a) a lagre 

germinal centre (G) stained with PNA (blue), the follicular mantle 

(FM) with IgD (gold); b) CD3 (blue) and IgD (gold), T zone (T); c) 

CD3 (blue) and CD4 (gold); d) TCRp (blue).

e , f) Peyer's patch from a TCRa"/" mouse kept in SPF conditions; e) 

PNA (blue) and IgD (gold), the lack of blue staining reflects the 

absence of a germinal centre in the large primary follicle (PF); f) CD3 

(blue) and CD4 (gold).

g, h) Peyers patch from a germfree TCRa"/" mouse; e) PNA (blue) 

and IgD (gold); f) CD3 (blue) and CD4 (gold), relatively few T cells 

can be seen.
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Table 4.3

V p  fa m ily  u s a g e  in  g e r m in a l cen tre  T  c e l ls  fro m  th e  s p le e n s  o f  TCRa"/" m ic e

mouse Vp families
pan-Pvp4 vp6 vps vplO v p il vpl4

1 SPFt + - +++ - - - +++
2 " t - - + +++ - - +++
3 " f - - - - - - +++
4 " t - - - - - - +++
5 " + - + - ++ - +++
6 " - - + + - - + + + +
7 " - - - + - - + + +
8 " - - + - + + + - + + +
9 " + - + - + + + + + +
10 " - - - + + + - -  ■ - + + +
11 GF - - - - - - + + +
12 " - - - - + + + - + + +
13 " * - - - - - - + + +
14 " - - - + + + - - + + +
15 " - - + + + - - - + + +
16 " - - - - - - + + +

All the mice studied (except mouse 13) had well developed splenic germinal 
centres in many follicles. +++ = predominant T cell subset, ++ = minor T cell 
subset, + = occasional cells. Specific pathogen free (SPF), germ-free (GF), t  = SPF 
plus one week open cage. * = mouse 13 had follicular clusters of CD4 TCRp+ T 
cells with no germinal centre B cells as assessed by peanut agglutinin staining 
or lack of IgD expression.
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4.2.5 Lack of germinal centres in TCRP”/” and TCR(P x 6)”/” mice 

TCRp”/”  mice contain yô T cell populations which are as numerous as those in 

TCRa”/”  animals. There are, however, fewer CD4+ cells than in TCRa”/”  mice 

(see Chapter 3). T cell zones were easily identifiable in both TCRa”/”  and 

TCRP”/”  mice, although they were less densely populated than in control mice 

(Figure 4.5). In contrast to TCRa"/" mice, germinal centres were not identified 

in TCRP"/” mice kept in similar conditions (Table 4.1). Moreover, TCRP”/”  

mice im m unised  w ith  C om plete F reund 's A djuvant or bacteria l 

lipopolysaccharide failed to induce germinal centres, although these agents 

were potent inducers of germinal centres in wild type mice. Exceptionally, 

germ inal centres were identified in TCR P"/" mice that were repeatedly 

im m unised w ith the protozoan parasite Eimeria vermiformis (A. Hay day, 

personal communication). Lymphoid tissues from TCR(p x Ô)” /”  mice were 

also examined. Although T cell areas were obviously absent, B cell architecture 

appeared normal w ith normal numbers of IgM plasma cells in the red pulp. 

No germinal centres were found (data not shown.)



145

Figure 4.5 T cell zones in spleens from TCRa"/" and TCRp"/" 

mice, a) spleen sections from a TCRa"^/" mouse; b) TCRa"/" 

mouse; c) TCRp"/" mouse. All stained for CD3 (blue) and CD4 

(gold). T zones (T) are shown in all three sections. Germinal centres 

(GC) are seen in (a) and (b).
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4.3 Discussion
TCRP+ and yS T cell help in germinal centre formation

This is the first demonstration that non -ap  T cells can provide help to B cells 

in the formation of germinal centres. T cells can be either TCRp+or or less 

commonly TCRy5+. There is no evidence that germinal centres can form in the 

complete absence of T cells. These data suggest that expression of CD4 is also 

required for the generation of T cell help in germinal centre formation in 

TCRa-/- mice. It is not known if yÔ T cells mediate germinal centre formation 

in normal mice. Nor is it known whether TCRP+a- cells are present in wild 

type mice. The lack of a pan“TCRa antibody makes it difficult to establish or 

refute this possibility. The biochemical structure of the complex that contains 

the TCRP chain(s) in TCRa-/- mice has not been determined (discussed in 

Chapter 3).

Although CD4+ TCRp+ cells seem to play a major role as functional cells in 

establishing germinal centres found in TCRa~^“  mice, it is possible that yô T 

cells are required to initiate germinal centre formation in TCRa-/- mice and 

that progression is enhanced by TCRp+ T cells. There is recent evidence that yô 

T cells alone can initiate germinal centre formation. When a CD4+ yÔ T cell 

clone (derived from a TCRa"/" mouse), together w ith B cells, was used to 

reconstitute SCID mice small germinal centres developed (A Hayday, personal 

communication).

The relatively small num ber of TCRP+ cells outside germinal centres implies 

that they proliferate during germinal centre formation. The antigens that drive 

this proliferation are unknown. However, the observation that TCRa”/" mice 

fail to generate detectable antibody responses to conventional protein antigens 

(Mombearts, et al, 1994) raises the possibility that TCRp+a" cells recognise non- 

protein-based antigens. This has been shown to be the case for some yÔ T cells
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(Constant, et al, 1994, Tanaka et al, 1995). As wild type mice are able to form 

germinal centres in response to non-protein antigens and all the available 

evidence indicates that T cells within germinal centres are antigen specific, an 

im portant issue is which T cell subsets are able to recognise non-peptide 

antigens in norm al animals. There are very few examples of aP  T cells 

recognising antigens other than proteins. Recently a CD4“ , CDS”  ap  T cell has 

been identified which recognises mycolic acid presented by CDl (Beckman, et 

al, 1994).

Normal mice have few CD4+ y5 T cells, while in TCRa~/“ mice as many as 25% 

of yô T cells are CD4+. The exceptional rarity of CD4+'y6 T cells in TCRp"/" 

mice may relate to the significantly greater num ber of CD4/CD8 double 

positive thymocytes in TCRa"/" mice compared with TCRp"/" mice (discussed 

in Chapter 3). There is no constitutive repression of CD4 in TCRp"/" mice, for 

this molecule is found on interdigitating cells in these animals. Co” expressiOn 

of CD4 with TCR in TCRa"/" mice increases the chance that a T cell will be able 

to help in germinal centre formation. However, the expression of CD4 is not 

an absolute requirem ent for germinal centre formation, as CD4"/" mice 

(Rahemtulla et al, 1991) form germinal centres, although they are reduced in 

size (A Rahemtulla and W van Ewijk, personal communication). The range of 

antigens that induce germinal centres in these mice has not been determined. 

In the CD4"/" mice, only those T cells with particularly strong recognition of 

peptide-M HC II complex may be able to trigger germinal centre formation. 

Such receptors may not be represented in the T cell repertoire of TCRa"/" or 

TCRP"/" mice.

4.3.2 Germinal centres induced by endogenous antigens

Germinal centres have not been detected in the follicles of wild type germfree 

mice and clusters of T cells are not characteristic of prim ary follicles 

(Thorbecke, 1959). The decrease in splenic and absence of Peyer's patch
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germinal centre formation in the germfree colony, compared w ith the SPF 

TCRoc"/- mice suggests germinal centre formation is in large part driven by 

extrinsic antigen. Conventionally housed TCRa“/“  mice have smaller germinal 

centres in their Peyer's patches than spleens in contrast to wild type mice 

which normally have more prom inent Peyer's patch germinal centres. In 

unimmunised wild type mice kept in SPF conditons, germinal centres are not 

usually found in the spleen, although they are present in Peyer's patches, 

presumably because of the prescene of intestinal flora. The germinal centres 

seen in some germfree TCRa“ “̂ mice may be induced by antigens in their food, 

consisting of y-irradiated standard pellets, although it seems unlikely that this 

would induce formation of germinal centres in the spleen but not the Peyer's 

patches. Alternatively, m urine m am m ary tum our virus superantigens, 

encoded by genes segregating with either the BALB/c or 129 genotypes might 

activate certain TCR|3+ cells, resulting in germ inal centre form ation. 

Endogenous super antigen deletion of Vp families has been shown to occur 

both in the thymus and the periphery (Acha-Orbea and MacDonald, 1995). 

As T cell responses associated with germinal centre formation in the TCRa"/" 

mice are clearly polyclonal they seem unlikely to be associated exclusively with 

superantigens.

The B cells from TCRa"/" mice produce high levels of serum Ig as well as IgGl 

autoantibodies that are specific for double stranded DNA (Wen, et al, 1994). It 

is tem pting to speculate that autoantibody production in TCRa"/" mice is 

dependent on the generation of an expanded subset of CD4, TCRp+ an d /o r yô 

T cells within the germinal centres. In this context, n o n -ap  T cells may not be 

tolerised conventionally, thus contributing to the onset of autoim munity in 

these mice.
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Chapter 5 

Somatic Hypermutation

5.1 Introduction
5.1.1 Selection of high affinity antibodies

Both affinity m aturation of the antibody réponse and B cell selection occur 

within germinal centres (MacLennan and Gray, 1986, Berek et al, 1991, Jacob et 

al, 1991). Somatic hyperm utation of immunoglobulin variable (V) genes 

creates a diverse pool of antigen receptors which are subsequently subject to 

selection on the basis of their affinity for antigen. Individual germinal centres 

are founded by a single or a very few B cells and the population they give rise 

to is therefore clonally related (Kroese et al, 1987). Somatic mutation introduces 

changes which provide the basis for a very diverse group of receptors, which 

although they originated from a single clone, may differ dramatically in their 

affinity for a specific antigen.

The process of somatic hypermutation has been most extensively studied in the 

response to small haptens which have been coupled to protein carriers. 

Haptens such as 2-phenyl-5-oxazolone (phOx) (Kaartinen et al, 1983; Griffiths 

et al, 1984), 4-hydroxy-3-nitrophenylacetyl (NP) (Cumano and Rajewsky, 1986) 

and phosphorylcholine (PC) (Crews et al, 1981) elicit responses in certain 

mouse strains which consist of a very limited set of Ig V genes which contain a 

characteristic array of mutations. Although these haptens are far less complex 

than most antigens, evidence suggests the antibody response to a hapten does 

not differ fundamentally from that of larger antigens (Bye et al, 1992). Even 

small haptens may contain a number of epitopes which potentially could be 

recognised by a fairly large number of V genes. Early in the antibody response 

(during the first week after primary immunisation) a num ber of different V
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genes are used. However, later in the prim ary response there is little 

variability in V gene usage. The response to phOx in BALB/c mice, for 

example, is dom inated by a single Ig heavy chain (VH'OxI) paired w ith a 

single light chain (Vk-Ox1). More complex antigens can also elicit a limited 

an tibody  response. Analysis of secondary responses to influenza 

hemagglutintin in individual mice reveals that a large proportion of antibody 

secreting cells are derived from sibling clones (McKean et al, 1984; Clarke et al,

1985). This indicates that B cell selection heavily biases the antibody response 

to a given antigen.

Analysis of individual V l genes reveals that a single gene may accumulate as 

m any as 7 point m utations during the first 12 days of a prim ary response 

(Berek et al, 1991). In well characterised V genes, such as V^-Oxl, changes to 

particular residues have been identified which result in significant increases in 

affinity for phOx (substitution of His 34 to Asn or Gin increases afinity eight or 

ten fold, respectively), while changes at other residues have little or no effect. 

Since it is likely that most mutations will be detrimental to antigen binding 

(and some may alter important structural motifs), it has been suggested that 

hypermutation and selection may occur in alternating cycles (Rada et al, 1991).

The architecture of germinal centres provides spacially distinct sites where the 

two processes may take place. B cells undergo an initial phase of proliferation 

at the beginning of germinal centre formation. This occurs in the basal dark 

zone of the germinal centre. During this time Ig is not expressed at the cell 

surface and therefore the B cell is unavailable for selection. A lthough the 

mechanism of somatic muation is not completely understood, it seems likely 

that it may occur at this stage of germinal centre development when DNA is 

repeatedly  replicated. It has been estim ated that the rate of som atic 

hyperm utation is in the order of 10"^ to lO '^/base/generation (McKean, et al.
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1984, Berek and Milstein, 1987) and that the generation time of B cells in 

germinal centres is between six and fourteen hours (Hanna et al, 1964, Zhang et 

al, 1988, Liu et al, 1991). Even the longer estimate of generation time allows for 

ample rounds of cell division to give rise to the observed number of mutations. 

After this phase of proliferation is complete, immunoglobulin is re-expressed 

at the cell surface and centrocytes migrate into the apical light zone where 

unprocessed antigen (in immune complexes) is held on folicular dendritic cells 

(FDC). The am ount of antigen may be limiting and therefore only those 

centrocytes w ith high affinity receptors may receive sufficient signals to be 

rescued from apoptosis. Presentation of antigen by FDC appears to be 

essential for positive selection. It has recently been demonstrated that large 

amounts of soluble antigen induce increased levels of apoptosis in germinal 

centre B cells regardless of whether that antigen can be recognised by T cells 

(Pulendran et al, 1995; Shokat and Goodnow, 1995), possibly because large 

amounts of soluble antigen block FDC mediated selection. Those centrocytes 

with improved affinity may also be more likely to capture antigen which may 

then be internalised, processed and presented to local T cells which may 

provide signals necessary for further expansion (Kosco et al, 1988, Gray et al, 

1991). B cells may either differentiate into plasma or m em ory cells. A 

proportion of this population may, however, downregulate its antigen receptor 

and return to the dark zone where another cycle of proliferation and mutation 

may occur. If only a small number of mutations occur during any one period 

of dark zone proliferation, this would allow sequential selection and expansion 

resulting in accumulation of favourable mutations. This is consistent with the 

observation that the number of mutations in V genes increases over time.

5.1.2 Mechanisms of somatic hypermutation

Two major hypotheses have been proposed as m echanism s of somatic 

m utation - gene conversion (Baltimore, 1981) and error prone DNA repair



153

(Brenner and Milstein, 1966, Chien et al, 1988). The first proposes that because 

V genes share some degree of homology, they may recombine in a template- 

dependent manner, creating new specificities. This may also explain why 

num erous V h  psuedogenes have been m aintained in the genome. Donor 

sequences m ay be copied to a new locus in a non-reciprocal manner, thus 

preserving the original donor sequence. The mechanism by which gene 

conversion occurs is itself a matter of some controversy. The process m ay be 

mediated by alignment of quasipalindromic sequences and may also contain 

an element of mismatch repair because of imperfect template alignment. It has 

been argued that this mechanism might explain the clustering of m utations 

which are sometimes observed in V genes. In support of this theory, Ig V 

genes do contain a higher than average proportion of palindormic sequences. 

In addition, germline genes which contain regions of hom ology (7 to 50 

nucleotides) which match segments of m utated genes have been reported 

(David, et al, 1992). However, the number of such sequences that have been 

identified rem ain too few to account for m any of the known m utated 

sequences and m any mutation clusters have been identified which do not 

contain palindromes. Although gene conversion may have been important in 

the evolution of Ig V gene families, and is used extensively in generation of the 

preim m une repertoire in birds (Reynaud et al, 1985), it is not sufficient to 

explain all of the observed somatic changes.

Although the two mechanisms are not mutually exclusive, there is increasing 

evidence for an error-prone DNA repair mechanism. A num ber of reports 

have shown that somatic hypermutation occurs in passenger transgenes (Betz 

et al, 1993b). A lthough these contain Ig sequences, they are unlikely to 

integrate solely in the Ig loci and would therefore not be able to participate in 

gene conversion. Furthermore, the presence of m utations in transgenes has 

been correlated w ith the direction of DNA replication (Rogerson et al, 1991). A
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eukaryotic DNA polymerase (P) with an estimated error rate of 1.5 x 10"^/bp 

has been identified (Seidman et al, 1987). This enzyme is believed to be 

involved in DNA repair and there is evidence that the introduction of certain 

types of m utation correlates w ith sequence preferences of the enzyme 

(Seidman ef fl/, 1987).

In order to understand the mechanism of somatic hypermutation, analyses of 

the range and pattern of observed m utations have been undertaken. The 

mutation process does not appear to be completely random. Mutations are not 

found to be evenly spread throughout V genes and a number of mutational 

'hot spots' have been identified. However, because selection probably 

eliminates the vast majority of clones which have undergone m utation, it is 

im portant to distinguish which mutated sites are observed more frequently 

because of the bias of selection from those that have an intrinsically higher rate 

of mutation. Analysis of the frequency of silent mutations indicates that only 

one in four mutations may be antigen selected (Berek and Milstein, 1987).

Although the ratio of replacement to silent (R/S value) mutations can be used 

to identify selected replacements, this is not always straightforward. In 

general FRW regions show a lower ratio of replacement to silent m utations 

than that seen in CDRs (Shlomchik et al, 1989), presumably because selection 

has the strongest influence on regions likely to contact antigen. Although 

selection is antigen dependent in rodents and hum ans (MacLennan and Gray,

1986), this is not the case in all species. Hypermutation occurs in Ig V genes in 

sheep in the absence of exogenous antigens (Reynaud et al, 1995). A higher 

R /S  ratio and proportion of mutations have also been observed in CDRs in 

these V genes. It has been estimated that between 25% and 50% of replacement 

mutations in FRW regions may disrupt antibody structure. Because the exact 

num ber of m utations that can occur in a given gene w ithout d isrupting
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antibody structure is unknown, the R /S ratio cannot provide a precise measure 

of selection. In addition, the ratio changes during the course of an immune 

response in both FRW and CDR regions. This difference in the R /S  ratio 

between FRW and CDRs is greatest in late primary, secondary and tertiary 

responses. However in the early primary response the ratio of replacement to 

silent m utations is more uniform throughout the V region. Furthermore, 

selection against substitutions at certain residues is equally important. This 

has been observed in the case of CDR3 of V^-Oxl where germline sequences 

contribute to oxazolone binding and replacements are rarely identified (Alzari, 

et al, 1990).

Changes in CDR3 sequences may of course be introduced by imprecise joining 

during V(D)J rearrangement. CDR3 is an im portant binding site in m any 

antibodies and consequently, selection may also effect this region. The 

majority of V h -O x1 anti-phOx antibodies contain D-J segements of the same 

length (sixteen amino acids) where the first residue of the D segement is Asp 

and the third Gin (Berek and Milstein, 1987).

Non-coding flanking regions (Lebeque and Gearhart et al, 1990) and passenger 

transgenes (Betz, et al, 1993b and reviewed in Betz, et al, 1993a) have been 

analysed in order to characterise the pattern of intrinsic mutation because they, 

presum ably, are unaffected by selection. Both approaches have yielded 

broadly similar results as far as the nature of substitutions is concerned. 

Transitions (purine to purine or pyrimidine to pyrimidine), for example, are 

observed more often than transversions (purine to pyrimidine or pyrimidine to 

purine). However, there are some im portant differences. Insertions and 

deletions are frequently found in flanking regions b u t not passenger 

transgenes w hereas m utation of guanine residues is more common in 

transgenes. Overall, the nucleotide substitution pattern observed in transgenes
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resembles the endogenous V gene pattern more closely than flanking regions. 

This may be due to differences in the nucleotide composition of coding and 

non-coding regions.

Com parison of passenger transgene and endogenous V gene m utations has 

identified intrinsic mutational 'hot spots' at particular residues and sequence 

motifs. Serine residues, for example, have an unusually high rate of nucleotide 

substitution. This may reflect a sequence motif preference of a particular DNA 

polymerase (Betz, et al, 1993a). Mutations are often found in serine residues 

encoded by ACT or AGC whereas, although there are four other codons for 

serine (TCN), substitutions are rarely identified at these sites. Two motifs, 

which may be in any reading frame, CAGCT and AAGTT have been identified 

as putative intrinsic hotspots. In another study, where no distinction was 

m ade between selected and intrinsic 'hot spots', TAA and RGYW were found 

to be frequent sites of mutation (Rogozin and Kolchanov, 1992). This type of 

analysis is complicated by the possibility that both types of m utation may be 

observed in a given codon. Serine 31, which is a frequent site of m utation in 

the the V^-Oxl gene is an interesting example. Changes in the first and third 

bases (which change the amino acid residue to Arg) increase affinity for 

oxazolone and are therefore subject to selection. However, the second base is 

likely to be an intrinsic hotspot as in passenger transgenes, only the second 

base is frequently substituted. In addition, the second base of serine 31 is often 

m utated in two other genes, V y-O xl and Vh186.2 (in the response to NP). If 

this does not reflect an intrinsic 'hot spot', it is difficult to explain why it should 

occur so fequently in different genes recognising distinct antigens.

5.1.3 TI antigens

Almost all of the data reported on somatic m utation is based on antibody 

responses to haptens conjugated to proteins. Affinity m aturation of these
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responses is dependent on a(3 T cells. However, it is not clear at how many 

different stages T cell help is required nor whether somatic mutation can occur 

in the absence of aP T cells. Although germinal centres can form without aP T 

cells (Chapter 4) and their formation is necessary for affinity maturation, it may 

not be sufficient. It seems likely that ap  T cells play an im portant part in 

selecting an d /o r expanding those B cells with improved affinity for antigen. 

They may additionally have a direct effect on activation of the m utation 

mechanism. Which elements w ithin the germinal centre induce somatic 

hypermutation remain unknown but the mechanism itself may not be entirely 

B cell specific. A recent report identified mutations in TCRa genes in germinal 

centre T cells (Zheng et al, 1995).

A few studies have attempted to characterise the antibody response to non

protein antigens. No evidence of somatic m utation was found following 

im m unisation with NP-ficoll (Maizels and Bothwell, 1985). In addition, a 

much wider repertoire of V genes was used than that seen in the réponse to NP 

coupled to protein. Ficoll is classified as a TI-2 antigen and although there is 

evidence that one other TI-2 antigen, a(l-6) dextran can induce germinal centre 

formation (Wang, et al, 1994), ficoll does not (Goodlad and Macartney, 1995). 

The response to dextran also includes a range of V genes. However, some 

studies have reported an accumulation of point mutations in one set of V genes 

(Akolkar, et al, 1987, Wang, et al, 1990). All of these studies have used wild 

type mice. The T cell population which participates in germ inal centre 

formation in the response to dextran has not been characterised.

Bacterial lipopolysaccharide (LPS), a TI-1 antigen, elicits germ inal centre 

formation in normal mice (Goodlad and Macartney, 1995). It has not been 

established whether this leads to affinity maturation of the antibody response, 

although there is evidence that memory B cells are generated (Zhang et al.
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1988). T cell help increases the secondary IgG titre (Liu, 1989 and Chapter 3). 

TCRa"/" mice form numerous germinal centres but are unable to respond to 

protein antigens. Because of this, the hapten phOx coupled to LPS as a carrier 

was used to investigate the possibility that somatic mutation may occur in the 

absence of aP T cells. As it is not known if hyperm utation occurs in the 

antibody response to LPS in wild type mice, the response to phOx-LPS was 

also examined in TCRa"*"/" animals.

Two approaches were used to determine if somatic mutations were present. In 

the first, following immunisation with phOx-LPS, hybridomas were made from 

spleen cells and were screened for the presence of phOx specific antibodies. 

cDNA from positive clones was then analysed to determine if the characteristic 

Vk-Ox1 and V y-O xl genes were used and, if so, if they contained mutations. 

A lthough m any oxazolone specific clones were obtained, none used the 

characteristic 0x1 V genes and only a few clones expressed closely related 

sequences. These results provide evidence that B cell selection is radically 

different in the response to LPS as compared to that of protein antigens. 

However, it is not clear from these data whether somatic mutation occurs in 

this response. It may be that mutations occur but the population may not be 

expanded.

In order to address this issue, a second strategy was employed. Following 

im m unisation , PN A ^i B cells were sorted by FACS. cDNA from this 

population was amplified by PGR using primers specific for V^-Oxl and Vh - 

0x1. Thus, it might be possible to isolate germinal centre B cells in which 

somatic mutations may have occured but would not be positively selected. A 

num ber of V genes within this population were members of the same V gene 

family as V^-Oxl or V y-O xl. V^-Oxl was not found, but several sequences 

were identical to the germline sequence of V y-O xl. A num ber of other
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germline genes were identified. In some cases it proved difficult to determine 

whether a particular sequence represented a known gene which contained 

mutations or whether it was a previously unreported germline gene in the 

same family. However, only a few clones contained substitutions consistent 

with the profile of intrinsic mutational 'hotspots'.

5.2 Results
5.2.1 Conjugation of phOx to LPS

Oxazolone was chosen as a hapten because the characteristic V genes used in 

the response are carried by mouse strains of the IgH^ and IgK̂ * allotype. 

TCRa"/" mice were derived on a mixed BALE/c and 129J background, both of 

which are IgH^, IgK̂ ».

A protocol for coupling phOx to polysaccharides or lipids has not previously 

been reported and the exact structure of LPS is ho t known. Three different 

methods were used to couple phOx to the polysaccharide component of LPS. 

These attempts were aimed at linking phOx to carbohydrate moitiés because 

they form repeating structures. Also, the lipid A portion of the molecule is 

important for some of its biological activity as it binds to the lipid A receptor, 

CD14, on macrophages. The first preparation consisted of only phOx and LPS. 

The second contained an additonal component diaminopropane (DAP) which 

was employed as a linking group. The third preparation contained DAP and 

an additional linker, EDAC. In order to determine if the linkage had  been 

successful, separate groups of mice were immunised w ith each of the three 

preparations. phOx was also conjugated to bovine serum albumin (BSA) and 

used for control immunisations. Antibody titres to phOx were tested by ELISA 

using plates coated with phOx coupled to chicken serum  album in (CSA). 

Results are shown in Figure 5.1. Conjuation of phOx alone to LPS appears to 

have been unsuccessful. phOx coupled to LPS with DAP elicited a relatively
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weak antibody titre. This may have been because only a relatively small 

num ber of haptens were linked to LPS. Alternatively, some epitopes on the 

hapten m any have been hidden or their conformation distorted because of 

proximity to carbohydrate moitiés on LPS. The preparation containing both 

linkers (phOx-E-D-LPS) elicited the best response and this compound was used 

for subsequent immunisations.



161

4 -

§
d
d

oo
VO

Om oo oooo
ts

oo

-e-

phOx-LPS

phOx-DAP-LPS

phOx-EDAC-DAP-LPS

phOx-BSA

Serum dilution 1 /

Figure 5.1 Serum titres to phOx conjugates. Separate groups of wild type 

mice (n=8) were immunised with different preparations of phOx-LPS and test 

bled on day seven. Mice immunised with phOx-BSA were test bled seven days 

after secondary immunisation. Sera were analysed by ELISA using plates 

coated w ith phOx-CSA. S.D. were less than 10% of the m ean values. 

Background O.D. values were less than 0.1.
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5.2.2 Hybridomas

Two different immunisation protocols were used. Groups of eight TCRa“/“  

and eight TCRa+/“  mice were immunised i.p. w ith phOx-E-D-LPS and test 

bled on day seven. The animal w ith the highest anti-oxazolone titre was 

selected from each group and its spleen was used for fusion on day ten. 

Another group of eight TCRa"/" and eight TCRa"*"/" mice were immunised as 

above and fusions were carried out on day fourteen. Supernatants from 

hybridomas were screened for anti-oxazolone activity by ELISA using phOx- 

CSA. Positive hybridomas were cloned and re-screened by ELISA. A total of 

72 phOx specific clones were obtained from the four fusions. Results are 

sum m arised in Table 5.1. Although phOx-E-D-LPS elicited a strong IgG 

response (Figure 5.2) all but five of the clones produced IgM antibodies.

cDNA was made from each clone. PGR was performed using primers specific 

for V k-O x1 and V y-O xl (Kaartinen et al, 1988, Berek, et al, 1991). Only two 

light chain and three heavy chain PGR products were obtained. Each of these 

was subcloned into the M13 phage vector and the DNA sequence obtained. An 

anti-phOx hybidoma, NQ22.61.1 (obtained from Dr G Milstein, Laboratory of 

Molecular Biology, Cambridge) was used as a positive control for PGR and 

sequencing. The myeloma fusion partner, N Sl (which expresses an 

endogenous light chain), and pooled cDNA from several hybridomas which 

were negative for phOx reactivity by ELISA were used as negative controls for 

PGR. Although the 5' primers were designed to anneal to the leader sequence 

of the 0x1 genes and a high stringency PGR protocol was used, related gene 

sequences were obtained (discussed below). No products were detectable in 

the PGR negative control reactions (data not shown). Vent polymerase was 

used for PGR amplification because of its low error rate (5 x 10'^). In order to 

verify the high fidelty of Vent polymerase and also as errors may have been
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introduced by reverse transcriptase during cDNA synthesis, sequences from 

eight subclones of the light chain derived from NQ22.61.1 were obtained. All 

of these were identical to the published sequence.
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Table 5.1 Clones obtained from fusions following imm unisation with 
phOx-EDAC-DAP-LPS

Genotype Fusion (days post 
1° immunisation)

Positive clones 

IgM IgC

PCR products (clone)

Vl  Vh

TCRa+/- 10 14 0 1 (ESDk) 1 (L6M)

TC R o-/- 18 0 0 0

TCRa+/- 14 19 3 0 1 (C12BM)

T C R a-/- 21 2 1 (ASHk) 1 (A8HM)
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Figure 5.2 IgG titres to phOx-EDAC-DAP-LPS. Sera from TCRa"/" and 

TCRa+/" mice used for fusions were analysed by ELISA using plates coated 

with phOx-CSA. Control serum was from a wild type mouse immunised with 

phOx-BSA. Background O.D. values were less than 0.1.
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Table 5.2 Sequence homology w ith germline genes

Clone Germline
Gene

Amino
Acid

Nucleotide Reference

34k- R9 1 1 Even e t  a l, 1985

39k- R4 0 0
40k+ R4 2 2
28k- R4 0 0
E8D k+ R2 0 0
18k- H142-385 2 6 K avaler e t a l, 1990

45k- L2 8C 0 1
A 8H k- S107 2 4 Behar & Schaff, 1988

70G+ 0x1 1 1 K aartinen  e t  a l, 1983

8M+ 0 0
15M+ 0 1
17M+ 1 1
12M+ 0 0
5M- 0 0
4M- 0 0
74G+ 1 4
14M+ 7 12
L6M+
64M-*̂

PJ14 0 1 Sheehan  e t  a l, 1993

3M- 0x2 1 2 K aartinen  e t  a l, 1983

79G- 3 5
C12BM+ 1 3
75G- 2 4
57M- 5 6
A8HM- Q52.51 3 7 Sheehan  e t  a l, 1993

K, M or G indicate Ig isotype;
4- or -  indicates clone derived from TCRa+/" or TCRa"/" mouse, respectively 
* The sequence of clone 64M- had at least 10 differences at the amino acid level 
from any reported germline gene.
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5.2.3 Analysis of PNA^i B cells
A second approach was used to recover V^-Oxl and V h -O x1 sequences. 

Groups of TCRa"/" and TCRa+/" were immunised as described above except 

that on day 12 spleen cells from one animal in each group were stained with 

PNA and anti-CD3 and sorted by FACS. Only CD3 negative cells were 

collected and these were divided into PNA^^i and PNA^o populations. cDNA 

was made from each of the pooled populations. PCR was performed using the 

0x1 specific primers. The PCR products generated from the PNA^^i population 

were subcloned and the DNA sequences from six kappa chains and seventeen 

heavy chains were obtained.

5.2.4 Analysis of DNA sequences

Alignments of DNA and protein sequences obtained from hybridom as and 

from PNAl^i sorted cells of kappa chains are shown in Figure 5.3 and heavy 

chains in Figures 5.4 and 5.5. The data are summarised in Table 5.2. In cases 

where V genes could not be easily identified, searches were done using 

GenBank and Kabat and Wu databases. Comparison of CDR3 regions revealed 

that all PCR products sequences were derived from different clones/cells.

All of the light chain sequences could be identified as members the same gene 

family as V^-Oxl, although none of the clones were identical to the germline 

sequence of V^-Oxl. Three clones had sequences identical to germline genes in 

the same family. Three clones had very similar sequences to known germline 

genes but with one or two changes at the nucleotide level. One clone contained 

six nucleotide differences from the most similar germline gene. The 3' primer 

used for PCR was specific for the Jk5 gene which is the J region most 

commonly found in the response to oxazolone coupled to protein. However,



168

the homology between different J regions, permitted J genes other than Jk5 to 

be amplified in the PCR reactions. Leu 96 in the J region contributes to 

oxazolone binding (Alzari, et al, 1990) but this residue was not present in any 

of the kappa sequences analysed.

The heavy chain sequences were divided into two subsets: those related to 

Vh -OxI (Figure 5.4); and those related to Vh *Ox2 (also described as Q52.54 

and Vh IOI) (Figure 5.5) which belong to the same gene family. Four 

sequences were identical to the germline sequences of V y-O xl. Only four out 

of ten sequences contained the characteristic D region with Asn as the first 

residue and Gly as the third and most differed in length across the D-J 

segment.

Five of the sequences in Figure 5.5 most closely m atched Vh -Ox2 but 

contained between three and six nucleotide changes. One clone most closely 

matched another member of the same V gene family, Q52.51, but contained 

seven differences at the nucleotide level.

Only four of the heavy chains analysed were IgG genes. 3' primers to Cp and 

Gy were used in separate PCR reactions. The products were subcloned 

independently. Fewer IgG than IgM subclones were sequenced and the 

smaller num ber of IgG genes does not reflect their proportion in vivo nor 

differences in PCR amplification.
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Figure 5.3 A lignm ents o f  kappa chain sequences w ith  V k-O x1.

DNA (5.3a) and protein (5.3b) sequences are shown. Dashes 

indicate identity, stops indicate gaps. + or -  indicate that the 

sequence w as derived from a TCRa+/“  or T C R a"/"  m ouse, 

respectively.
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Figure 5 .3a
30

/ ----------------------------------- CDRl-------------------------------------- /
C S A S S S V S Y M H W Y  

V K -O xl TGC AGT GCC AGC TCA AGT GTA AGT TAC ATG CAC TGG TAC

3 9 K + ----------------------------------------------------------------------------------T -----------------------
4 0 K + -------------- -------------------------------------------------- -----------------T-----------------------
28K -------------------------------------------------------------------------------------- T -----------------------

4 5 K - -------------------------  T -
A8HK-
E8DK+

40
Q Q K S G T S P K R W I Y  

VK-Oxl CAG CAG AAG TCA CGC ACC TCC CGC AAA AGA TGG ATT TAT
3 4 K + ---------------—  C-----------------------------------  —
3 9 K + ------------ ------- C— A—A T—  -------------- C G C    
40K+   ------------ C— A—A T—  -------------- C T C    
28K“ ------------ ------- C— A—A T—  -------------- C G C    

45K — ----- -------- -------- C—  — T — T   C T C    
A8HK--------------------------  A------------------------- C T C ----------------- -  —
E 8 D K +  -----— A C— — A T—  ------- ------- —T—    

50 60
/ ----------------------CDR2---------------------/

D T S K L A S G V P A R F  
VK-O xl GAG ACA TCC AAA CTG GCT TCT GGA GTC CCT GCT CGC TTC

3 4 K + ------------------------------------------------------------- ----------------------------------
39K+ C T -    C --------------------------- --------------------------------------

28K - CT----------------------C ------------------------------------------------------------------

45K - A G -  ------------C -------------------------- ------------------------------ ---

E A F)K 4- —GT —T—  — —C — — —    — T  — — ——— — — —

70
S G S G S G T S Y S L T I  

VK-O xl AGT GGC AGT GGG TCT GGG ACC TCT TAC TCT CTC ACA ATC
3 4 K + --------------------------------------------------------------- T ----------------------------
3 9 K + ------------------------------------------------------------------------------------------------
4 0 K + ------------------------------------------------------------------------------------------------
28K----------------------------------------------------------------------------------------------------
18K----------------------------------------------------------------------------------------------------
4 5 K - --------------------------- A -------------------------------------------------------------- T

A8HK—  — —— A—T  — A —A—     — G  

80
S S M E A E D A A T Y Y C  

V K-O xl AGC AGC ATG GAG GCT GAA GAT GCT GCC ACT TAT TAC TGC
3 4 K + -------  —
3 9 K + ------------------------------------------------------------------------------------------------
4 0 K + ------------------------------------------------------------------------------------------------
28K ----------------------------------------------------------------------------------------------------

A 8 H K -  -----------------------------------------------T--------------------------------— T
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90
/ ------------------------ CDR3----------------------- /  / ---------------------JK --------------------

Q Q W S S N P L T F G A G  
V K -O x l CAG CAG TGG AGT AGT AAC CCA CTC ACG TTC GGT GCT GGG

3 4 " —"  ——— ——— ——— • • •  • • •  • • •  • • •  • •

3 9 K + ----- — A  -------- -------- T — --------. . .  -TC ACG TTC -G -  -C T
4 0 K + ----- — — ——— ——— — —G T — ------ . . .  . . .  . . .  . . .  . . .  . . .
28K — ----- -------- -------- —C—  — T  —C— CTC ACG TTC —G—  
18K — —C—  A — ----- -------- T — --------—C— —G— — G  —GG ACC

A8HK— T T T  G—  G—G T —  — G TA—   — A —G G  
E 8 D K +  — A A— ---- -------- T — --------—C— —G— ------ -------- -------- --------

34k+
39k+
40k+
2 8 k -
1 8 k -

—  /
T K L
AAC AAG CTG

GGG -CC AA-

GGG -CC AA-

T—
A --

CTG

F ig u r e  5 .3 b
40 60 80

V k-O xl CSASSSVSYMHWYQQKSGTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISSMEAEDA 
3 4 k + ----------- 1 - — Y-------- P------------------------------------------------------ --------------------------

E8Dk"K----------------- N— —— p —s -------1 -----GX —N-------------------- —-------- p —p — — — — — — —V

100

V k-O xl ATYYCQQWSSN. PLTFGAGTKL..........
3 4 k +  H------ Y—Q..................... .............

4 0 k + ---------------- RY— ..................... .............
2 8 k — ------------- T— P-------------- G . ----
1 8 k - -------- P -R — YP-RLG-T. . . . ---------

A8Hk— ---------F —G—GY— Y-----G—S— QACK—
E 8 D k + ------------R— YP—R .------------- QACKL
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Figure 5.4 Alignm ents o f  heavy chain sequences w ith V h -O x1.

DNA (5.4a) and protein (5.4b) sequences are shown. Dashes 

indicate identity, stops indicate gaps. D /J sequences are shown in 

protein but not DNA alignments. X indicates an unknown amino 

acid due to an ambiguity in the DNA sequence.
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Figure 5 .4a
10

Q V Q L K E S G P G L V A P S  
VH-Oxl CAG GTG CAG CTG AAG GAG TCA GGA CCT GGC CTG GTG GCG CGC TCA 

7 0 G + --------------------------------------------------------------------------------------------------------------
8 M + --------------------------------------------------------------------------------------------------------------

15M+  ----------------------------------------------------------------------------------------------------------
1 7 M + --------------------------------------------------------------------------------------------------------------
1 2 M + ----------------------:----------------------------------------------------------------------------- -------------------------------

5 M - ------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
4M------------------------------------------------------------------------------------------------------------------

7 4 G + --------------------------------------------------------------------------------------------------------------
1 4 M + --------------------------------------------------------------------------------------------------------------
L 6 M + --------------------------------------------------------------------------------------------------------------

20 30

Q S L S I T C T V S G F S L T  
VH-Oxl CAG AGC CTG TCC ATC ACT TGC ACT GTC TCT GGG TTT TCA TTA ACC

7 0 G + --------------------------------------------------------------------------------------------------------------
8 M + --------------------------------------------------------------------------------------------------------------

1 5 M + --------------------------------------------------------------------------------------------------------------
1 7 M + ---------------------------------------------------------------------------------- C-------------------------
1 2 M + ------------------------------------------------------------------------ --------------------------------------

5 M - --------------------------------------------------------------------------------------------------------------
4 M - ------------------------------------------ -------------- -----------------------------------------------------

7 4 G + --------------------------------------------------------------- ---------------------------------------
1 4 M + ---------------------------  T - - -----------------------------------------------------

40
/ ------------ CDRl------------- /
S Y G V H W V R Q P P G K G L  

VH-Oxl AGC TAT GGT GTA CAC TGG GTT CGC CAG CCT CCA GGA AAG GGT CTG
7 0 G + --------------------------------------------------------------------------------------------------------------

8 M + --------------------------------------------------------------------------------------------------------------
1 5 M + ---------------------------------------------------------------------------------------------------------------
1 7 M + ---------------------------------------------------------------------------------------------------------------
1 2 M + ---------------------------------------------------------------------------------------------------------------

5M------------------------------------------------------------------------------------------------------------------
4M------------------------------------------------------------------------------------------------------------------

7 4 G + ---------------------------------------------------------------------------------------------------------------
14M+ GT-----------------------------------------------------------------------------------------------------------
L6M+ G--------------------------- A-------------------------------------------------------------------------------
6 4 M - ----------------------------- AG-----------------------------------------------------------------------------
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50 60
/ -------------------------------------------------- CDR2--------------------

E W L G V I W A G G S T N Y N  
VH-Oxl GAG TGG CTG GGA GTA ATA TGG GCT GGT GGA AGC ACA AAT TAT AAT

7 0 G + -------------------------------- G --------------------------------------------------------------------------
8 M + ---------------------------------------------------------------------------------------------------------------

1 5 M + ---------------------------------------------------------------------------------------------------------------
1 7 M + ---------------------------------------------------------------------------------------------------------------
1 2 M + ------------------------------------------------------------- N-----------------------------------------------

5 M - ------------ ------- ------- ------- ------- ------- -------------- ------- ------- ------- ------- ------- -------
4 M - --------------------------- ---------------------------------------------------- ---------------------- -------

7 4 G + ---------------------------------------------------------------------------------------------------------------
*1 — — — — — — — — — — — — — — — — — — — "  — — — — — — — — — —

70
 /
S A L M S R L S I S K D N S K  

VH-Oxl TGG GCT CTC ATG TCC AGA CTG AGC ATC AGC AAA GAC AAC TCC AAG
7 0 G + ------------------------A -----------------------------------------------------------------------------------

8 M + -----------------------------------------------------------------------------------------------------------------------------
1 5 M +  T ----------------------------------------------
1 7 M + ------------------------------------------------------------------------------------------------------- -------
1 2 M + ------------------------------------------------------------------------------------------------------- -------

5M-------------------------------------------------------------------------------------------------------------------
4M-------------------------------------------------------------------------------------------------------------------

7 4 G + ---------------------------------------------------------------------------- G ---------------------- -------
1 4 M + ---------------  G----------------

80 90
S Q V F L K M N S L Q T D D T  

VH-Oxl AGC CAA GTT TTC TTA AAA ATG AAC AGT CTG CAA ACT GAT GAC ACA
7 0 G + ---------------------------------------------------------------------------------------------------------------

8 M + ----------------------------------------------------------------------------------------------------------------------------
1 5 M + ---------------------------------------------------------------------------------------------------------------
1 7 M + ------------------------------------------------------------------------------------------------------- ---
1 2 M + ------------------------------------------------------------------------------------------------------- -------

5M-------------------------------------------------------------------------------------------------------------------
4M-------------------------------------------------------------------------------------------------------------------

7 4 G + -------------------------------------------------------------------------------- T-------------------- -------
1 4 M + ---------------------------------------------------------------------------------------------------------------
L6M+ —   -----------------------------------------------------------------------------------------------------
6 4 M - ------------------------------------------ C---------------------------------------------------------- -------

A M Y Y C A R
VH-Oxl GCC ATG TAG TAG TGT GCC AGA

7 0 G + --------------------------------------------------
8 M + --------------------------------------------------

1 5 M + --------------------------------------------------
1 7 M + --------------------------------------------------
1 2 M + --------------------------------------------------

5M------------------------------------------------------
4M------------------------------------------------------

1 4 M + -----— A  ------- ------- ------- —
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Figure 5 .4b
10 30 50

VH-Oxl QVQLKESGPGLVAPSQSLSITCTVSGFSLTSYGVHWVRQPPGKGLEWLGVIWAGGSTNYN
7 0 G + -----------------------------------------------------------------------------------------------------------------

8 M + -----------------------------------------------------------------------------------------------------------------
1 5 M + -----------------------------------------------------------------------------------------------------------------
1 7 M + ------------------------------------------------ L--------------------------------------------------------------
1 2 M + --------------------------------------------------------------------------------------------------- X-----------

5M- — --------------------------- ---------------------------------------------------------------------------------
4M--------------------------------------------------------------------------------------------------------------------

5 4M"“ — X— KTR— —   ------------------------2 — —————----- — — — ——— GD* * —  “H

70 90 110

VH-Oxl SALMSRLSISKDNSKSQVFLKMNSLQTDDTAMYYCARDR. . . GA. WFAYWGQGTLVTVSA

1 5 M + -----------------------------------------------------------------------.-YGNY-Y-D----------- TL----- S
1 7 M + ----------------------------------------------------------------------- GD“HA. —,MD-----------S -------S
1 2 M +  ESSYYA. —.MD-----------S -------S

4M— --------------------------------------------------------------------- GGLYGHW—Y—DV— A— T-------S
7 4G+ A—F I -----C--------------------F ---------- A-------1--------- PGGTY—. —....................................
1 4 M + ----------------------S--------------------------------- 1 ------- KR—VRPCYGLLGSRNLSHRLLRES
L 6 M +  K-------------------------------------------------- R-----------PFY -. .-XLPWAT--SMSGAQ
64M— -----1 --------------------------------L-----------------T----- K. . — LLRY—AMD------------ S ------- S
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Figure 5.5 Alignm ents of heavy chain sequences w ith  Vh -Ox2. 

DNA (5.5a) and protein (5.5b) sequences are shown. Dashes 

indicate identity, stops indicate gaps. D /J sequences are shown in 

protein but not DNA alignments.
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Figure 5.5a
. 10

Q V Q L K Q S G P G L V Q P S  
VH-0x2 GAG GTG GAG GTG AAG GAG TGA GGA GGT GGG GTA GTG GAG GGG TGA

3M----------------------------------------------------------------------------------------A ----------------------
79G-------------------------------------------------------------------------------------------------------------

G12BM+ ---------------------------------------------------------------------------------------------------------------
75G--------------------------------------------------------------------------------G ------------------------------
57M------------------------------------------------------------------------------------------------------------------

A8HM------------------------------------------------------------------------------------------------------------------

20 30
/ —

Q S L S I T G T V S G F S L T  
VH-0x2 GAG AGG GTG TGG ATG AGG TGG AGA GTG TGT GGT TTG TGA TTA AGT

3M------------------------------------------------------------------------------------------------------------------
79G---------------------------------------------- --------------------------------------------------------------------

G12BM+ ---------------------------------------------------------------------------------------------------------------
75G------------------------------------------------------------------------------------------------------------------
57M--------------------------------------------------------------------------- --------------------------------------

A 8H M -------------   - - A --------------------- ------- ------- ------- ------- ------- ------- -------

40
--------------CDRl------------- /
S Y G V H W V R Q S P G K G L  

VH-0x2 AGG TAT GGT GTA GAG TGG GTT GGG GAG TGT GGA GGA AAG GGT GTG
3M- -G -----------------------------------------------------------------------------------------------------------

79G - -A ---------------------------------------------------------------------------- --- --------------------------
G12BM +--------------------------- ------- ------- ------------------------------------- ------------------------------

75G---------------------------------------------------------------------- G------------------------------------ —
57M- -A ------------------------------------------- :---------------------:-----------------------------------------

A8HM-----------------------------------------------------------------------------------------------------------------

50 60
/ ------------------------------------------------------- GDR2 —  ---------

E W L G V I W S G G S T D Y N  
VH-0x2 GAG TGG GTG GGA GTG ATA TGG AGT GGT GGA AGG AGA GAG TAT AAT

3M---------------------------------------------------------------------------------------------------------------------------------
79G------------------------------------------------------------------------------------------------------------------

G12BM +----------------------------------------------------------------------------------------------. --------------
75G---------------------------------------------- --------------------------------------------------------------------
57M---------------------------------------------------------------------------- --------------------------------------

A8HM--------------------------------------------------------- A -------. --------------------------------G -------

70
 /
A A F I S R L S I S K D N S K  

VH-0x2 GGA GGT TTG ATA TGG AGA GTG AGG ATG AGG AAG GAG AAT TGG AAG
3M---------------------------------------------------------------------------------------------------------------------------------

79G------------------------------------------------------- T------------------------------------- G ---------------
G12BM +--------------------------------------------------------------------------------------------G ---------------

75G T -------------------------------------------------------------------------------------------------------
57M------------------------------------------------------------------------------ G----------------------------------
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80 90

S Q V F F K M N S L Q A N D T  
VH-0x2 AGC CAA GTT TTC TTT AAA ATG AAC AGT CTG CAA GCT AAT GAG ACA

3M--------------------------------------------------------------------------------------------------------------------------------
79G------------------------------------------------------------------------------------------- G--------------------

C12BM +---------------------------■---------------------------------------------------------- G--------------------
75G------------------------------------------------------------------------------------------- G--------------------
57M- - 7  CT — A —  T---------------------------------------------------------------

A8HM----------------------- ------- ------- ------- ---------------------- ---------------------- G - - -------- - T

A I Y Y C A R .  F T T A T
VH-0x2 GCC ATA TAT TAG TGT GGG AGA . . . TTT AGT AGG GGT A G T .................

3M--------------------- --------- -------------- -------AAT -AG TAG GGT AG- -GG GAG GGG
79G---------------------G ----------------------------------- GG- GGG GGT A-G TA------------------

G12BM +----------------- G ----------------------------------- AA- TAG GGT A-G G------------ -------
7 5G— ------------ — G     ------- ---------------—TA —GG — G  -------
57M------------------------------------------------GGT GA- TAG GAG -TA -A  ------

A 8H M - -----— G  ---------  -A - AAT GGG —T— — T A-G G— AGG GGG

F ig u r e  5 .5 b
10 30 50

VH-0x2 QVQLKQSGPGLVQPSQSLSITCTVSGFSLTSYGVHWVRQSPGKGLEWLGVIWSGGSTDYN
3M-  ----------------------------------------------------T------------------------------------------------

79G------------------------------------------------------------N----------------------------------------------------
G12BM+ — --------------------------------------------------- -------------------------------------------------------

75G---------------------------------------------------------------------------- P-------------------------------------
57M------------------------------------------------------------N------------------------------------------------------

A8HM-----------------------------------------------------------------------------------------------------R-------------

70 90 110

VH-0x2 AAFISRLSISKDNSKSQVFFKMNSLQANDTAIYYGAR. FTTATAMDYWGQGTSVTVSS. .
3M-------------------------------------------------------------------------- NYYGSSQAWFAYWGQG-LVTVS

79G----------------G----------------------------------- D------------------ PGGTYG................................... —
G12BM +--------------------------------------------------D------------------ NYGTATF------------ TL------- ES

75G------------------------------------------ ----------D------------------YY____ R-LYA....................... —
57M— ------------------ E-------------SL—L--------------------------- PHYDVN---------------------------- ES

A8HM—  M T-------------------------------D-------------- KNGI—TATGG—. . . .GLIX3SRNLS
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5.3 Discussion
5.3.1 The timing of somatic mutation

One of the inherent difficulties in this study is the difference in kinetics of the 

anti-hapten, response when LPS instead of protein is used as a carrier. In these 

experiments V genes from day ten, twelve and fourteen were analysed. In the 

réponse to phOx-protein most V l  genes contained a few mutations by day ten 

and up to seven nucleotide substitutions by day twelve (Berek et al, 1991). 

Antibody titres to LPS peak earlier, day four to six, compared to day ten to 

twelve in the primary response to protein antigens. However, the earlier peak 

in the LPS response may be the result of antibodies secreted by B cells which 

have differentiated into plasma cells without forming germinal centres.

Because the timing of germinal centre formation in response to LPS has not 

been clearly established, it is difficult to estimate the optimal time to look for 

somatic mutation. A recent report indicates that germinal centres begin to 

form in response to hapten conjugated LPS on day five or six (Goodlad and 

Macartney, 1995). This is similar, though one or two days later than that 

observed for responses to hapten conjugated proteins.

Secondary responses to phOx were not analysed because of the lower 

frequencies of V^-Oxl and V y-O xl that are observed in phOx-protein 

reponses. Although these genes contain more m utations in secondary and 

tertiary responses, they account for a smaller proportion of clones than in the 

late primary response. This may be due to differences in migration patterns of 

memory B cells which may circulate to the bone marrow and other tissues and 

therefore be less frequent in the spleen. It has been reported that carrier 

priming produces somatic mutations several days earlier than in unprim ed 

responses when protein carriers are used (Kallberg et al, 1995). This may be 

because T cell help is the limiting factor in the kinetics of germinal centre
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frormation. Since LPS is a component of the cell wall of Gram negative 

bacteria, the possibility that mice may have been primed to LPS cannot be 

ruled out.

5.3.2 Association of mutation with heavy chain isotype

Most of the heavy chain sequences analysed were IgM. Only four IgC genes 

were analysed but the number of substitutions in these sequences were similar 

to those observed in IgM clones. There have been conflicting reports on the 

influence of IgH isotypes on mutation. A ten fold lower rate of m utation was 

detected in IgM than IgC transgenes (Sohn et al, 1993). In some studies of 

endogenous sequences, higher rates of mutation have also been reported for 

IgC genes (Crews et al, 1981). However, other authors have reported that IgM 

sequences may be as highly mutated as IgC (Berek et al, 1991) particularly in 

the early primary response (Apel and Berek, 1990). Higher rates of mutation in 

IgC genes may be attributable to sequences in the enhancer 3' of the Cy gene. 

Regions in the 3' enhancers of both heavy and light chain genes m ay be 

important in mediating somatic mutation (Sohn et al, 1993). This is consistent 

w ith the observation that non-immunoglobulin genes, e.g. myc, exhibit high 

rates of mutation when translocated to Ig loci.

5.3.3 Selection

The results in this chapter contrast sharply with those reported for T cell 

dependent responses to protein antigens. A lthough m any phOx specific 

hybridomas were obtained, none expressed the characteristic 0x1 V genes. 

Sequences which differed from known germline genes had R /S  values 

between -  0.25 and 1.0. This suggests that if some of these changes represent 

genuine examples of somatic mutation, these substitutions have not been 

biased by selection. This underlines the importance of selection/ expansion 

and somatic mutation acting concordantly. It is evident that germline V^-Oxl 

and VH-Oxl have lower affinities for oxazolone than other germline genes and
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w ithout the changes conferred by somatic m utation, do not bind antigen 

strongly  enough to prom ote B cell differentiation. This has been 

deom onstrated  in the early prim ary response to phO x-protein w here 

unm utated sequences of other V genes, including R2, SI07 and 0x2 were 

identified (Berek and Milstein, 1987). Only when the two chains are expressed 

in the same cell is the antibody of high enough affinity w ithout m utation 

(Kaartinen et al, 1983, Pelkonen et al, 1986). It is of interest that some of these 

germline genes encode the same amino acid at certain residues which have 

been shown to increase affinity when mutated in V k-O x1 or VH-Oxl. Clone 

E8DK+ (germline gene R2) has Asn at residue 34. Germline V^-Oxl has His in 

this position but mutation to Asn increases affinity eight fold.

There may be an alternative explanation as to why the 0x1 V genes do not 

dominate this response. LPS is a polyclonal B cell activator. Therefore, it is 

probable that a larger number of oxazolone specific B cells would have been 

activated than in the response to phOx-protein. Only activated B cells are able 

to survive the cell fusion process used in making hybridomas, however, this 

method does not specifically target germinal centre B cells. Many of the phOx 

specific hybridomas obtained may have been derived from B cells which were 

proliferating outside of germinal centres.

It is possible that somatic mutation occurs during this response but proveed 

difficult to identify because of the absence of expansion of higher affinity 

variants in germinal centres. Many of the sequences analysed were, identical 

to known germline genes, including Vh -Ox1. A few sequences did contain a 

num ber of changes compared to known germline genes. There are several 

possibilities which could account for this. These sequences m ay represent 

previously unreported germline genes. If expansion of higher affinity m utants 

does not occur, those sequences with numerous substitutions are likely to be 

other germline genes as it is unlikely that so many mutations could accumulate
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w ithout intervening cycles of selection. Alternatively, somatic mutation may 

be taking place, but is extremely difficult to identify in the absence of clonal 

expansion. In clones which contain only a single nucleotide substitution, the 

possibility that the change was introduced during cDNA synthesis, PCR or by 

a sequencing error cannot be ruled out. However, given the low error rates of 

Vent polymerase and reverse transcriptase and the low in vivo incidence of 

background mutation, it is extremely unlikely that these mechanisms could 

account for the number of observed changes. In most cases base substituions 

did not show a pattern of mutation consistent with intrinsic mutation observed 

in passenger transgenes. However, three clones, 3M-, 79G- and 57M-, did 

contain changes in the second base of Ser 31 which is an intrinsic 'hot spot'. 

Given that this response is not dominated by a particular V h /V l  combination 

w hich has been preferentially expanded, the sm all num ber of base 

substitutions observed may indeed be evidence of somatic mutation.

5.3.4 Repertoire

The results of this chapter differ from those reported by Maizels and Bothwell 

(1985) for NP-ficoll, in that the 0x1 genes were expressed by very few 

oxazolone specific hybridomas. In C57BL mice the response to NP-protein is 

dom inated by a single V h  gene, V186.2 paired with the XI light chain. When 

ficoll was used as a carrier, although a variety of heavy chain genes were used, 

all were members of the same family as V186.2. Two of thirteen sequences 

were germline V186.2 and a variety of light chains were used but not XI. No 

somatic mutations were detected.

In the response to dextran there was some evidence that somatic mutation may 

have occured (Alkolkar et al, 1987). A number of single base pair substitutions 

were detected. These were equally spread throughout FRW and CDR regions 

which is inconsistent with the pattern of mutations described for responses to 

hapten-proteins. Perhaps these occurred by somatic mutation in the absence of
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norm al mechanisms of selection/expansion. In this case also, the possibility 

that these were related germline genes could not be ruled out. A variety of 

different Vh  familes were found.

Taken together these results strongly suggest ap  T cell help is required to 

expand a small population of B cells that express high affinity receptors. 

However, the profile of a given response depends ultimately on the repertoire 

of Ig V genes. The response to phOx-protein has been examined in C57BL mice 

which lack the V y-O xl gene but do have V^-Oxl (Kaartinen et al, 1988). 

Antibodies in these mice consist of a number of genes in the same family as Vk- 

0x1 paired with a variety of heavy chains. The light chains include V^-Oxl 

itself and the other members of that V gene family that are frequently seen in 

the early prim ary phOx response in BALB/c mice. In the C57BL mice, the 

response is not dominated by a single V h /V l  combination. However, when 

the IgH^ locus is expressed in C57BL animals, the response to phOx is identical 

to that seen in BALB/c mice. The number of somatic mutations required to 

generate significant differences in affinity may vary for different V genes. 

While a single change in V^-Oxl results in a huge increase in affinity, those V 

genes which require several changes may not dominate the response.

Apart from allelic differences, other genetic factors may influence the antibody 

repertoire such as the frequency of V gene rearrangement or the contribution of 

CDR3 to antigen binding. The proximity of V genes to the constant region may 

be a factor in the probabilility of rearrangement to a particular D or J segment. 

The Q52 family which includes V h -O x1 is the second most proximal to the 

constant region (Brodeur and Riblet, 1984) and this may contribute to its 

dominance in the anti-phOx response.

Another issue is how the carrier may influence the repertoire of the response. 

There is evidence that different proteins conjugated to the same hapten may
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not only elicit a different pattern of m utations but also affect the observed 

frequency of 0x1 V gene usage (Kallberg et al, 1995). This may result from 

slight variation in antigen structure when the hapten is on a different carrier or 

alternatively a different group of T cells may be targeted because of differences 

in peptide presentation. phOx-EDAC-DAP-LPS may have an altered range of 

epitopes.

There were no striking differences in sequences derived from TCRa“/”  and 

TCRa"^/" mice. Although a larger proportion of clones from TCRa“^~ mice 

had sequences most closely related to V h -O x2 whereas most clones from 

TCRa+^“  animals were V h -O x1, the numbers of sequences analysed were not 

large enough to determine if this difference was significant.

Unfortunately, time did not permit the characterisation of the Ig repertoire 

used by TCRa“ /“  and TCRa^/" mice in response to phOx-LPS. This may 

have proved of interest for a num ber of reasons. W hether aP  T cells are 

present in LPS induced germinal centres is not known. T cells may also 

influence B cell selection outside germinal centres (Malanchere et al, 1995) and 

aP , yô and TCRp+ T cells may preferentially interact w ith different B cell 

subsets.

It would also have been of interest to compare the diversity of V genes used in 

the LPS response w ith that of other carriers. The characteristic 0x1 genes 

appear to be used less commonly not only in comparison to the response to 

phOx-protein bu t also to V I86.2 in the NP-ficoll response. As mentioned 

above, although the specific response is to a small hapten, LPS (unlike dextran 

and ficoll) is a B cell mitogen. Therefore a larger num ber of B cells may be 

activated and, in the absence of T cell m ediated selection/expansion in 

germinal centres, a wider range of these may persist throughout the response. 

Although memory responses to haptens linked to LPS have been demonstrated
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(Zhang et al, 1988), the repertoire of hapten specific antibodies has not been 

characterised.

Germinal centres form in the absence of a p  T cells, yet there is no clear 

evidence that they support clonal expansion of cells with improved affinity for 

antigen. It appears that non-ap T cells are able to provide the necessary signals 

to initiate B cell proliferation in the formation of germinal centres. However, B 

cell formation of germinal centres may not in itself be sufficient to activate 

somatic hypermutation. Alternatively, somatic mutation may occur, perhaps 

at a reduced rate, but germinal centre T cells are not able to provide the 

necessary signals either for B cell expansion, or possibly for exiting the 

germinal centre. It may be that this unusual germinal centre phenotype is 

related to the antigen rather than the T cell subset. aP T cells may participate 

in germinal centre reactions in response to LPS or dextran but these antigens 

m ay not be able to elicit the same T cell signals as protein antigens. 

Characterisation of the T cells within these germinal centres m ay help to 

resolve these issues.
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Chapter 6 

Inflammatory Bowel Disease
6.1 Introduction
A wide range of inflammatory conditions affects the m am m alian bowel 

including conditions with known aetiologies, typically infective, and also at the 

other extreme those where the pathogenesis remains unclear. In this latter 

category in humans are those diseases grouped together under the heading of 

inflammatory bowel disease (IBD): ulcerative colitis (UC) and Crohn's disease. 

The aetiology of both diseases is not known with a range of hypotheses 

suggested for both, including that they may arise from the same aetiological 

agent but manifest differently in different tissues. Ulcerative colitis in humans 

is primarily an inflammatory condition of the mucosa from rectum to terminal 

ileum. Crohn's disease may affect all areas of the gastrointestinal tract and is 

often characterised by the presence of granulomas. There is evidence that 

genetic factors, including MHC linkage, may be associated with both UC and 

Crohn's diseases (Podolsky, 1991). Several animal models, both naturally 

occurring (e.g.colitis of cotton-top tamarinds and Boxer dogs, proliferative 

colitis of ferrets and hamsters and Johne's disease) and induced (e.g. by 

carrigeenan, dextran, trinitrobenzene sulfonic acid) (reviewed in Sartor, 1991 

and Stenson, 1994) have been used to study the inflammatory processes.

Gene targetting technology has proved immensely useful as a m eans of 

m anipulating the immune system. A striking feature of some of the mouse 

strains with null mutations in TCR or cytokine genes is the development of 

intestinal inflammation. Mice deficient in the expression of IL-2 or TCRa or 

TCRp genes develop intestinal inflammation with some attributes of hum an 

UC (Sadlack, et al, 1993 , Mombaerts, et al, 1993 ). 11-10“ /“  mice also develop 

gut pathology but it differs from that seen in 11-2“ /“  or TCR m utant mice in the
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nature of infiltrating cells and their location in the bowel (Kuhn, et al, 1993). 

TGFp“/“  mice develop gastritis, but no intestinal inflammation (Shull et al,

1992). Moreover, mice transgenic for the hum an CD3e gene, which display an 

early arrest in T cell development, also develop severe colitis (Hollander, et al, 

1995). Rag"/" mice do not suffer from intestinal pathology(Mombaerts et al,

1993) nor do IL-2 " /"  JH "/" double mutants (Ma, et al, 1995) suggesting that 

although B cells may contribute to the pathology in some circumstrances, they 

are not essential. Taken together, these results suggest an immune aetiology 

for intestinal inflammation with a breakdown in the normal regulation of the 

mucosal immune response in which T cells and regulatory cytokines appear to 

be pivotal. In this context, it is notable that products of enteropathogenic E. coli 

have been dem onstrated to inhibit lymphocyte activation and cytokine 

secretion by the production of immunosuppressive factors that may modify the 

mucosal immune response to produce an outcome similar to that observed in 

TCRa"/" mice (Klapporth, et al, 1995).

A num ber of studies have also revealed the importance of particular T cell 

subsets in mouse models of Crohn's disease. Reconstitution of SCID mice with 

CD45RB^^ CD4+ T cells from wild type mice leads to the developm ent of 

colitis, but repopulation with CD45RB^o cells does not (Powrie, et al, 1993). 

Colitis does not develop when both populations are present suggesting that the 

CD45RB^o population may be involved in prevention of the disease in normal 

animals. Other studies have also identified an oligoclonal gut hom ing CD4+ 

ap  T cell population in immunocompetent mice which, when transferred to 

SCID mice leads to the development of intestinal pathology (Rudolphi, et al, 

1994, Reimann, et al, 1995). There is also evidence that it is a CD4+ T cell 

population which mediates gut pathology in IL-2"/" mice (Simpson, et al, 

1995).
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Given the importance of animal models for hum an IBD, it is essential to 

elucidate the aetiology of the pathology observed in TCRa"/" mice. There are 

at least two hypotheses concerning the developm ent of the chronic 

inflammation observed in immunodeficient mice. One suggests that in ap  T 

cell deficient mice, the inflammatory bowel disease develops spontaneously, is 

directed against autoantigens and arises solely as a result of the congenital 

im m une dysregulation. The other proposes that an environm ental agent, 

perhaps one that is not normally pathogenic in im unocom petent mice, 

precipitates the disease. 11-2"/" mice do not develop disease w hen kept in 

germfree conditions (Sadlack et al, 1992). It has been demonstrated that in both 

IL-2"/" and 11-10"/" mice normal intestinal bacterial flora can cause gut 

pathology. However, the gut pathology in these mice differs from that seen in 

TCRa"/" animals. In addition, TCRa"/" mice produce a strong antibody 

response to self-antigens such as dsDNA. It is therefore important to establish 

whether the intestinal inflammation develops spontaneously or is induced by 

lumenal antigens.

In order to address this issue, a germfree colony of TCRa"/" mice was founded 

and the histopathology of their intestinal tracts compared with TCRa"/" mice 

kept in SPF conditions. In addition, a gnotobiotic colony of TCRa"/" mice was 

derived which was colonised w ith a limited bacterial flora consisting of 

Lactobacillus plantarum, Streptococcus faecalis, Streptococcus faecium  an d /o r 

Escherichia coli. in order to determine whether the pathology was associated 

with specific agents, or merely the presence of any gut flora. While animals 

kept in SPF conditions developed colitis with a high level of penetrance, there 

was no evidence of intestinal pathology in either germfree or gnotobiotic 

colonies of TCRa"/" mice. These results indicate that intestinal inflammation 

in TCRa"/" mice does not occur spontaneously nor does it result from the 

presence of bacteria, per se, but rather it is initiated by a specific organism or
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group of organisms normally present in the gut flora which have yet to be 

identified.

6.2 Results
6.2.1 Specific pathogen free TCRa~/~ and TCRa+/~ mice

In order to determine whether chronic inflammation had developed in the 

bowel of the various colonies of TCRa"/" mice, the entire intestinal tract was 

examined histologically. TCRa"*"/" mice kept in SPF conditions were used as 

controls.

No significant abnormality was observed in the bowels of TCRa"*"/" mice from 

the stomach to the anus (Figure 6.1a). In TCRa"/" mice the overall appearance 

of the stomach, small bowel, caecum and rectum was normal. Distinctive 

changes were, however, evident in the ascending, transverse and proximal 

descending colon and in one mouse, the last portion of terminal ileum. Areas 

of colonic mucosa showed striking hyperplasia, an increase in crypt fission and 

some crowding of glands (Figure 6.1b). No dysplasia was seen. These 

achitectural disturbances were accompanied by a m arked neutrophilic 

infiltrate in the lamina propria and cryptal epithelium (Figure 6.1c) w ith rare 

crypt abscesses (Figure 6.1d). In the most affected areas apoptotic bodies were 

seen. The intensity of the inflammatory and reactive epithelial changes 

showed some variation w ithin the affected region. There was no obvious 

difference in the morphological appearance of diseased m ucosa in mice 

sacrificed at 6 ,14 and 30 weeks of age. The observed pathology is consistent 

with that previously described in another strain of TCRa"/" mice (Mombaerts, 

et al, 1993). The level of penetrance was, however, 100% in this study (Table 

6.1). Although SPF TCRa"/" mice occasionally developed rectal prolapses or 

diarrhoea, most animals used in this study appeared outwardly healthy at the 

time of sacrifice.
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Figure 6.1 H istopathological analysis of colonie mucosa, a)

colonie m ucosa from a TCRa+/”“ m ouse shows no significant 

abnormality, b) in TCRa"/" mice kept in SPF conditions, patchy 

and often marked hyperplasia of the proximal colon (not caecum) is 

observed. The large arrow indicates one such area. The smaller 

arrow shows an area of non-hyperplastic bowel for comparison, c) 

at higher power these hyperplastic areas are seen to be associated 

with a striking active colitis. Many neutrophil polymorphs can be 

observed in the lamina propria (L). d) crypt abcesses, though few, 

are observed in the colonic portions of the bowel. An example 

involving the mouth of several glands is arrowed. All figures were 

stained with H and E.

Magnification:

a) x80

b) x20

c) x200

d) x200
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Table 6.1; Incidence of pathology in TCRa-/- mice maintained under various conditions.

H ousing SPF G erm free A ssociated
B ac te ria*

A ssoc ia ted  
B ac te ria*  
+ £  c o li

G erm free  
+ E c o li

G erm  free derived  
tran sfe rred  to SPF

P a th o lo g y /  
no. m ice

22/22 0 /8 0 /8 0 /5 0 /5 4 /4

A ge a t sacrifice 
(w eeks)

6 -2 0 1 1 -2 0 1 0 -2 4 1 2 -1 7 1 1 -1 9 18

L ength  of
co lon isa tion  (w eeks)

N /A N /A N /A 3 - 8 3 - 8 10

♦A ssociated Bacteria C o lony  - o rig in a lly  a g erm free  co lony  in to  w hich  S tre p to c o c c i  an d  L a cto b a c ilu s  h a v e  b een  in tro d u c e d .

VO
NJ
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6.2.2 Germfree TCRa~/“ mice

The overall architecture of the colon was normal with a mild mucosal atrophy. 

This atrophy has been shown previously to be characteristic of germfree 

animals, resulting from the absence of bacterially derived short chain fatty 

acids (Goodlad, et al, 1989). No inflammation was evident in any of the 

sections examined (Figure 6.2a) and, when compared with SPF TCRa"^/" mice 

there were substantially fewer mononuclear cells in the mucosa.

6.2.3 Gnotobiotic TCRa“/“ mice

Gnotobiotic colonies were derived from germfree TCRa"/" animals. These 

mice were colonised w ith Lactobacillus plantarum. Streptococcus faecalis, 

Streptococcus faecium (in an established Associated Bacteria colony) or w ith E. 

coli, or w ith all four species of bacteria. In order to establish that these bacteria 

had successfully colonised the guts of these anim als, in testines from 

gnotobiotic TCRa"/" mice were Gram stained. Many bacterial colonies were 

evident (data not shown). In addition, faecal samples from the Associated 

Bacteria colony were seeded onto blood agar and Sabaurand plates. Abundant 

colonies of Streptococci and Lactobacilli were present. In order to obtain a more 

quantitative estimate of the degree of colonisation of E. coli (which had been 

introduced into individual animals by oral gavage) homogenates from the 

intestines of gnotobiotic TCRa"/" mice were plated onto agar and bacterial 

colonies were counted. Between 5 x 10^ and 5 x 10^ colonies/m l of culture 

were present. The bowel morphology of the gnotobiotic mice resembled the 

control TCRa+/" mice overall w ithout discernable atrophy, hyperplasia or 

active inflammation (Figure 62b and c).
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Figure 6.2 H istopathological analysis of mice derived from a 

germfree T C R a"/" mouse colony, a) germfree TCRa"/" mouse, b) 

in germfree TCRa"/" mice colonised with Streptococcus faecaliis, 

Streptococcus faecium  and Lactobacillus plantarum, there was mo 

epithelial hyperlasia or colitis, though prom inent mucosal amd 

submucosal lym phoid tissue was evident, c) germfree TCRa""/" 

mice colonised with E. coli. All figures were stained with H and E. 

Magnification: x80
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6.3 Discussion
The results of this study show that TCRa"/" mice maintained in a germfree 

environment do not develop colonic inflammation. The minor abnormalities 

observed have been found previously in germfree mouse colonies and reflect 

the failure of the gut to develop norm ally in a germfree environm ent. 

Therefore, a specific, probably microbial, agent present in the SPF group, 

initiates the colitis observed in TCRa"/" mice and this condition is not a 

consequence of a spontaneous autoimmune reaction as has been suggested 

previously. A key issue is the composition of gut flora in SPF animals. As 

noted previously, different strains of TCRa"/" mice did not exhibit the same 

levels of disease penetrance. Although it has been suggested that this may be 

due to differences in genetic background, the differences may result from 

variation in the spectrum of organisms found in SPF facilities.

Which antigens are responsible for the colitis in TCRa"/" mice? It is clear that 

the induction of this pathology is not a conséquence of generic infection. Thus, 

w hen germfree mice were infected w ith E. coli, no colitis was observed, 

although clear evidence of colonisation was found in the gut. Similarly, mice 

from the TCRa"/" colony that were reared in an environm ent containing 

defined flora also failed to develop colitis. These considerations suggest that 

the induction of colitis in the T C R a"/" mice is a p roperty  of specific 

antigens/organism s. Germfree TCRa"/" mice potentially provide a unique 

assay system for microorganisms that are able to induce colitis, possibly in 

hum ans as well as rodents. It is of interest that the pathology observed in 

TCRa"/" animals resembles previously described infectious colitides in mice. 

Wild type mice infected with Citrobacter freundii and N ude mice infected with 

m urine hepatitis virus show many similarties to SPF TCRa"/" mice when 

examined histologically (S Barthold and A Hayday, personal communication).
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The TCRa"/" mice used in this study, however, were known to be free of these 

organisms.

A possible mechanism that might give rise to the observed colitis would be the 

induction of a chronic immune response to a microbial infection or antigen that 

cannot be eradicated by B cells, yÔ T cells or TCRa"P+ present in TCRa"/" 

mice. The importance of different T cell subsets in either inducing or 

providing protection from disease in the SCID model of Crohn's disease has 

been demonstrated. However, in assessing the usefulness of the various IBD 

models in mice, the differences in T cell populations in the hum an and murine 

gut m ust also be considered. y5 T cells account for about 50% of T cells in the 

m urine intestine, whereas only about 10% of lEL are yÔ T cells in the hum an 

gut. yô lEL in mice are thymus and antigen independent as they are present in 

similar numbers in nude, germfree and conventially housed wild type mice 

(Bandeira et al, 1990). The remaing 50% of T cells in the m urine gut are 

TCRap+ and the majority of these develop in the thymus. Their presence in 

the gut is also antigen dependent as they are not found in germfree mice and 

very young animals contain only small num bers of aP  T cells in the gut 

(Ferguson and Parrot, 1972). There is also a population of aP T cells which are 

either DN of CDS aa"^ that develops outside the thymus.

It is curious that nude mice do not normally suffer from IBD while it is seen in 

TCRa"/”  mice with a high level of penetrance. The difference in T cell subsets 

in these animals perhaps merits closer scrutiny. Thymically derived TCRP"^ 

cells in TCRa"/" mice are unlikely to be im portant as TCRp"/" mice also 

develop bowel disease. A thymically derived population of yÔ T cells is present 

in TCRa"/" mice. It is not known if this subset is found in the gut of TCRa"/" 

anim als, bu t it has not been observed in norm al mice. The thym us 

independent subset of aP  T cells may provide protection from intestinal
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pathology as, although it constitutes a small population, it is present in nude 

but not TCR mutant mice.

The results reported here support a model in which interaction of the mucosal 

immune system in an immunodeficient host with a microbial agent sets up an 

inflammatory condition because of the inability of the host to regulate mucosal 

imunity. An important consideration is whether the mechanism for the colitis 

observed in immunodeficient mice such as the TCRa"/" m utant is of relevance 

to hum an UC or to other hum an inflam m atory bowel diseases. The 

m orphology certainly has sim ilarities, w ith  hyperplasia, architectural 

disturbance and crypt abcesses all being observed in both this model and the 

hum an disease. The comparison at this level, however, is not perfect, since the 

animal model produces a patchy and localised disease with few abscesses 

whilst much of the colon is affected in humans. The localisation of lesions is 

itself of interest and raises the possibility that site associated antigens may be 

particularly im portant in initiating an immune response. This model does, 

however, provide clues to how the appearances of UC may be m ediated in 

humans. Patients with UC may be susceptible because they have a temporary 

or minor form of immune dysregulation. They may be unable to m ount an 

effective mucosal response to a subset of antigens which remain unidentified. 

The aetiological agents themselves may be difficult to identify because they 

may not norm ally be classified as pathogens a n d /o r  are only transiently 

present. In a recent report Duchmann, et al, (1995) deom onstrated that a 

breakdown of tolerance to bacterial flora occurs in patients with IBD which is 

characterised by an unusually high level of lymphocyte proliferation. The 

specific anitigens have not been identified. In some respects, the pathology in 

TCRa"/" mice bears a closer resemblence to self-limited bacterial colitis in 

humans.
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The data demonstrate how localised, severe intestinal inflammation can be 

triggered by an organism(s) which is not normally pathogenic. The value of 

the various knockout mouse models to the human conditions, particularly UC, 

is a m atter of considerable controversy. However, these results clearly 

underscore the importance of a fully competent immune system in mounting 

an efficacious response to microbes with limited accompanying intestinal 

pathology.
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Conclusions

T cell subsets

A num ber of the results presented in this thesis were unexpected in that the 

phenotype of TCR m utant mice differed in many respects from that of Nude 

mice. The degree of lymphocyte expansion which occurs in TCRa“/“  and 

TCRP~/“  animals has not been observed in Nude mice. yÔ T cells are evidently 

the mediators of this expansion as it does not occur in TCR(P x ô)~/“  animals.

It may be that this phenomenon does not occur in N ude mice because only 

thymically derived yÔ T cells are capable of inducing it. However, as ap T cells 

are able to develop extrathymically, there may also be limited development of 

these yô subsets in Nudes. The absence of unusual levels of lymphocyte 

expansion may be due to the presence of extrathymically derived aP T cells. In 

TCR m utants, y8 T cells may produce significant am ounts of a range of 

cytokines early in an immune response. Indeed, it has been shown that in 

normal animals, yÔ T cells are the primary producers of certain cytokines early 

in the response while as the response progresses a p  T cells have a more 

im portant role. This may include a shift in the cytokine profile which 

eventually leads to term ination of the response. Perhaps even the small 

num bers of ap  T cells in Nude mice are capable of mediating this. This 

population may also prvoide protection from IBD which does not usually 

develop in Nude mice. Alternatively, it may be that proliferation continues 

because, although the yô population is able to induce both B and T cell 

responses, they are ineffective at clearing certain types of infection and 

proliferation continues in the persence of persistent antigen.

There is increasing evidence that yÔ T cells recognise antigen in a different 

m anner than ap  T cells. Their reactivity to MHC, for example, has been 

described as being more similar to that of Ig than of aP T cells. If this is the 

case, for at least some y5 subsets, and these subsets express TCRs with
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extensive junctional diversity, it is perhaps surprising the the TCRa~/“  and 

TCRp“/”  mice are unable to respond to protein based antigens, even very large 

antigens which contain a huge range of epitopes, such as MHV. As CD4+ y5 T 

cells were much more numerous in TCRa~/“  than TCRP“/~ animals, it would 

be of interest to determine which TCRVy genes this subset expresses.

Further experiments are required to determine the exact nature of the T cell 

contirbution to XI antigens. TCRa“ /“  mice have increased levels of anti- 

Pneumovax IgG relative to normal mice. The response to Pneumovax should 

be investigated in TCRP“ “̂  in order to establish whether it is the y5 or TCRp+ 

population which is able to induce antibody production. Investigation of this 

response in TCR(p x 5)“ “̂  animals would also be of interest to confirm the 

prediction that IgG is not produced in the absence of all T cell subsets. TCRa” 

mice made an antibody response to M. vaccae that was similar to wild type 

animals. This should also be tested in TCRP"/" and TCR(P x 5)“ “̂  animals.

Germinal centres and somatic mutation

The presence of germinal centres in TCRa“ “̂  mice was unexpected. Even 

more surprising was the fact that germinal centres formed in germfree animals. 

Germinal centres were present in spleens but not Peyer's patches in germfree 

animals. In mice kept in SPF or open cage housing, germinal centres were 

larger and more num erous in spleens than in Peyer's patches. It is possible 

that an MTV superantigen mediates this effect. However, if that is the case, it 

is difficult to explain why germinal centres would not be as likely to develop in 

Peyer's patches as in the spleen. Perhaps there are differences in the range of 

antigens in these two sites becasue of differences in recirculation patterns. It 

has not been established whether superantigens induce germ inal centre 

formation in normal mice. As it is not known if TCRP"^ cells exist in the 

peripheral lymphoid tissues of normal mice, it would be difficult to compare 

germinal centre formation in response to superantigens between TCRa“"̂ “  and
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norm al mice in any case. TCRP+ cells, like ap  T cells have been shown to 

respond to superantigens in vitro . However, the induction of germinal centres 

may require aspects of T cell-B cell interaction that differ between TCRP+ and 

ap T cells. Furthermore, TCRp+ cells may respond differently to superantigens 

because signal transduction coupled to the TCR complex may be different from 

that of ap  T cells.

One m ethod of investigating whether antigens other than superantigens 

induce germinal centres would be to immunise germfree TCRa~/“  mice with, 

for exam ple TNP-LPS, and then to examine the lym phoid tissues by 

immunohistology. Labelled TNP could be used to see if the antigen is present 

in gereminal centres. Additional staining of T cell markers, such as gp39, 

within germinal centres may also be informative.

Although it has not been established whether TCRa~/“  mice form germinal 

centres in response to LPS, it is known that wild type mice do. However, the 

response to phOx-LPS was not dominated by the same V genes as seen in the 

réponse to phOx-protein in TCRa~/~ nor TCRa+/" animals. Even if somatic 

m utation does occur in the response to phOx-LPS, selection and expansion of 

antigen specific clones is clearly different than in responses to protein 

conjugated haptens. Dissection of germinal centres and PGR of V genes from 

individual B cells might be the only way to clearly establish whether somatic 

m utation occurs in the germinal centres of TCRa” “̂  mice. W hat m ight be of 

greater interest would be to identify which T cells are present in germinal 

centres induced by TI antigens in wild type mice. Few of the hypridom as 

discussed in Chapter 5 expressed the V Ox genes. It m ight be of interest to 

identify which genes are utilised in this response in TCRa“/“  and TCRa"^/" 

mice in order to determine if aP T cells influence the Ig repertoire used in 

response to TI-2 antigens.
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ABSTRACT In mice and humans, T cells are character
ized on the basis of T-cell receptor (TcR) expression and 
divided Into the major TcRa/3^ and minor TcRy5+ popula
tions. I c R a p ^  cells are considered to be the primary regula
tors of the Immune response, whereas the function of TcR y^ 
cells is unclear. Mice congenitally deficient In TcRa/3- 
expresslng cells provide an Ideal model for analyzing the 
Independent in vivo function of TcRy6+ cells In the absence of 
TcRa/S'*' cells. Here we report that lymphoid organs In TcRa 
mutant mice undergo substantial enlargement after being 
challenged by environmental antigens. This organ expansion 
can be attributed In part to Increases In the relative proportions 
and absolute numbers of TcRyS^ cells, but an expansion of the 
recently described TcRjB+a" population also has a role. The 
expansion of the TcRy5^ population Is polyclonal, as evidenced 
by the usage of multiple y and ô variable chain segments. 
Furthermore, a substantial proportion of the cells appears to be 
activated and these activated cells express surface activation 
markers. The results clearly demonstrate that TcRy5+ cells 
proliferate Independently In response to a broad spectrum of 
challenges. Moreover, since the expansion of the lymphoid 
tissues and the TcRyd^ cell population Is excessive relative to 
that seen In wUd-type animals, one role of T cR afi^  cells Is 
directly or Indirectly to limit the responses of the other lym
phoid components.

T lymphocytes are divided into two populations on the basis 
of the structure of the T-cell receptor (TcR) that is expressed 
on the cell surface. The majority of TcRajS-expressing cells 
are capable of performing all o f the functions ascribed to T 
cells. In contrast, the function of a small subset of T cells 
expressing TcRyô remains an important but unresolved ques
tion. In order to address this question, we have generated 
mice congenitally deficient in the production of TcRaj3+ T 
cells. TcRyg^ cells occur in approximately normal numbers 
in homozygous T cR a"/"  mutant mice when these animals are 
maintained under pathogen-free conditions, rather than ex
panding to compensate for the lack of TcRaj3+ cells (1). 
Consequently, the major T-cell areas of the lymph nodes are 
sparsely populated and shriveled. We have subsequently 
observed that, despite an absence of TcRa^^ T cells, 
T cR a" /"  mutant mice removed from pathogen-free condi
tions are able to survive for extended periods of time before 
showing evidence of cachexia or mortality. To assess the 
ability o f T cR a"/"  mutant mice to deal with exposure to 
environmental antigens and pathogens, they were analyzed 
after the conditions in which they were housed were altered. 
We show here that their lymphoid organs were clearly able to 
mount dramatic proliferative responses to broad antigenic 
challenges, despite the absence of TcRajS^ cells.
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MATERIALS AND METHODS

Animals. TcR a knockout mice have been described pre
viously (1). Animals used in this study were between 6-wk- 
and 6-mo-old. T cR a"/"  mice were maintained in specific- 
pathogen-free isolators. T cR a^/" and T cR a" /"  mice in the 
experimental groups were transferred from control, patho
gen-free conditions to open cages in the animal facility and 
exposed to a broad antigenic challenge for up to 4 wk before 
being sacrificed.

Lymphocyte Isolation. Single-cell suspensions of lymph 
nodes, spleens (SPLs), and Peyer’s patches were made by 
teasing the dissected tissues apart with forceps followed by 
gentle Dounce homogenization. Cell yields and viability were 
determined by trypan blue dye exclusion.

Monoclonal Antibodies (mAbs). The mAbs to murine T-cell 
surface antigens used in this study were as follows: phyco- 
erythrin-conjugated anti-C^ TcR (H57), phycoerythrin- 
conjugated anti-CS TcR (GL3), fluorescein isothiocyanate 
(FITC)-conjugated anti-CD4 (GK1.5), FITC-conjugated anti- 
CD8 (53.6.72), and FITC-conjugated anti-CD69 (H1.2F3). All 
antibodies were from PharMingen (San Diego).

Fluorescence-Activated Cell Sorter (FACS) Analysis. Iso
lated cells were incubated with the appropriate mAh at 4°C 
for 30-60 min. Labeled cells were analyzed by flow cytom
etry using a Becton-Dickinson FACScan. A total of 10'* viable 
cells that bound each mAb were collected.

PCR Analysis. PCR analysis of splenic TcRyg gene expres
sion was performed as previously described (2) on cDNA 
derived from splenocytes taken from T cR a"/"  mice.

Proliferation Analysis. Splenocytes isolated from mice 
were cultured at a density of 2 x 10  ̂cells per well in 96-well 
tissue culture plates for 72 h in the presence or absence of Con 
A. Proliferating cells were labeled by the addition of 1 /iCi of 
l^HJthymidine (1 Ci = 37 GBq) 16 h prior to harvesting. 
Results are expressed as the mean cpm of triplicate cultures.

RESULTS

Expansion of Lymphoid Organs in Exposed TcRa"/" Mice. 
To assess the extent of lymphoid organ expansion in 
T cR a" /"  mutant mice challenged by exposure to environ
mental antigens compared with the extent of organ expansion 
routinely induced in wild-type mice, an experimental group of 
41 T cR a"/"  mutant mice and 12 age-matched TcR a+/" 
heterozygous animals were transferred  from  specific- 
pathogen-free conditions to open cages within the animal 
facility. The control subset of 17 T cR a"/"  mice remained in 
specific-pathogen-free isolators. By gross morphology and 
total cell yield the amount of lymphoid tissue of the antigen-

Abbreviations: FACS, fluorescence-activated cell sorter; TcR, 
T-cell receptor; SPL, spleen; MLN, mesenteric lymph node; PPL, 
Peyer’s patch lymph node; PLN, pooled peripheral lymph nodes; 
mAb, monoclonal antibody.
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F ig . 1. Lym phoid organ expansion  in T c R a  m utant mice after 
exposure to  environm ental antigens. An exam ple o f  an enlarged SPL  
from an exposed  T c R a '/ "  m ouse is show n on the left next to  an SPL  
from an exposed  T c R a + / ' control anim al.

ically challenged, exposed TcRa"''" mice was greater than 
that of either control unchallenged T cR a '/' or exposed 
TcRa^/' animals. Several exposed T cR a '/' animals had 
exceptionally large spleens (Fig. 1), with one T cR a '/' spleen 
containing 4.7 x 10* mononuclear cells. The mean cell yield 
from the spleens of the 41 exposed T cR a '/' mice (13.66 x 
10̂  cells) was significantly higher than the yield from spleens 
from the 12 exposed heterozygote TcRa^/' (6.02 x 10̂  cells) 
and the 17 control unexposed T cR a '/' animals (4.74 x 10̂  
cells). The mesenteric lymph nodes (MLNs) of exposed 
T cR a '/' mice were similarly increased in size relative to 
MLNs taken from control T cR a '/' and exposed TcRa+/' 
mice (data not shown).

In a group of 36 T cR a '/' mice, aged 16-20 wk (Fig. 2), 
there was wide variability between individual mice in the 
degree of lymphoid organ enlargement. However, there was 
a clear trend toward increasing cellularity in the SPL and 
MLN after as little as 1 wk of exposure.

Increased Proportions ofTcRyô"^ Cells in Exposed T c R a ''  
Animals. To test whether T-cell population expansion con
tributed to the enlargement of the lymphoid organs of ex
posed T cR a '/' mice, cell populations isolated from the SPL, 
MLN, Peyer’s patch lymph nodes (PPL) and pooled periph
eral lymph nodes (PLN) were stained with anti-TcR)3 and 
anti-TcRgantibodies and analyzed by FACS. Representative 
profiles from an individual experiment analyzing )3 and 6 TcR 
expression are shown in Fig. 3.

Analysis of 41 exposed T c R a '/' mice, 12 exposed 
TcRa+/' mice, and 17 unexposed T cR a '/' mice revealed 
increased proportions of cells expressing TcRyS in all lym
phoid compartments analyzed in exposed T cR a '/' mice 
compared with either exposed TcRa+/' or control T cR a '/'  
animals (Table 1). Together with the increased size and 
cellularity of the lymphoid organs, these increased percent
ages translate into a significant increase in the absolute 
number of TcRy5+ cells in exposed T cR a '/' mice (data not 
shown). Individual mice did not consistently show similar 
increases in TcRyg^ cells in different lymphoid compart
ments (Figs. 3 and 4), suggesting that local proliferation of y8  
T cells can occur.

As shown in Fig. 5, a substantial proportion of y8T cells 
from T cR a '/' mice were positive for the activation marker 
CD69, suggesting that some of the cells were activated in
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F ig . 2. Size o f  lym phoid organs from  T c R a ' / '  mice expands 
proportionally  with tim e o f exposure. SPL  and M LN  cell yields were 
determ ined from  35 T c R a ' / '  mice after the anim als w ere transferred  
from  pathogen-free conditions and exposed  to  adventitious patho 
gens in the anim al facility for up to  4 wk. T he num ber o f cells from 
the tissues from  individual mice are show n p lo tted  versus the length 
o f pathogen exposure  for each anim al.

vivo. Otherwise, the expanded TcRyg^ population was 
mostly CD4'CD8' or CD4'CD8^ (data not shown), the 
same phenotype as typical y8  T cells.

To assess whether there was a preferential expansion of 
certain TcRyg^ subpopulations, cDNA derived from 
T cR a '/' splenocytes was analyzed by PCR for TcRy and 
TcRS gene usage (Table 2). A broad distribution of y and 8 
gene segments was utilized.

TcR/3^a~ Cells Are More Abundant in Exposed TcRa' '  
Mice. FACS analysis of cells from T cR a '/' mice also 
revealed a population of cells reactive to the anti-C)3 TcR 
antibody, H57. This cell population was present in low 
numbers in unexposed T cR a '/' mice but was significantly 
elevated in the SPLs and MLNs of a large proportion of 
exposed T cR a '/' mice analyzed (Fig. 6). These cells were 
also observed in the Peyer’s patches and PLN of exposed 
mice. Thus, in the experiment shown in Fig. 3, TcRjS^a' cells 
made up 1.7%, 5.6%, 4.6%, and 9.2% of the total cells in SPL, 
MLN, Peyer’s patches, and PLN, respectively. The profiles 
shown in Fig. 3 also indicate that the staining intensity of 
these cells is considerably less than for TcRa/3^ cells. Splenic 
TcRjS^a' cells comprise both CD4  ̂ and CD4" subsets and 
did not coexpress the TcRS chain (data not shown).

Independent Proliferation of yS^ and /3^a“ T Cells. To 
determine whether parallel expansion of TcRyô^ and TcRjS  ̂
cells had occurred, we assessed the relative proportions of 
the cells within an individual tissue sample. The amount of 
expansion of TcRyg and TcR)3 cell populations in different 
tissues was not similar, with the ratio of TcRyô^ cells to

SPL+/- SPL-/- MLN+/- MLN-/- PPL+/- PPL-/- PLN +/- PLN-/-
i 1.8% , à 9.2% i 2.7% I  ll 17.8% ' i  2.9% |  10.7% ' jl 0.8% j| 29.1%
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F ig . 3. A nalysis o f TcR  expression  in lym phoid tissues o f exposed  anim als. Cells isolated from  S PL , M L N , P PL , and PLN  from  an exposed 
16-wk-old T c R a ' / '  m ouse and an age-m atched exposed T c R a ^ / '  m ouse w ere stained with an tibodies d irected  against )3 and 8 TcR subunits. 
The percen tage o f positively stained  cells is indicated for each  histogram .
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Table 1. yô  T  cells in exposed  and contro l mice

Proc. Natl. Acad. Sci. USA 91 (1994)

%  TcR yS^ cells in various lym phoid organs

O rgan source SPL M LN PPL PLN

E xposed
T c R a + /-  2.5 ±  1.3 1.8 ±  0.7 1.7 ±  0.7 1.3 ±  0.2

U nexposed
T c R a - / -  5.4 ±  2.2 7.1 ±  3.1 3.0 ±  1.2 2.1 ±  0.8

E xposed
T c R a - / -  10.9 ±  3.7 17.3 ±  5.8 15.4 ±  5.1 17.5 ±  8.2

Increased  percentages o fT cR y5+  cells in exposed  T c R a - / -  mice 
com pared  to  exposed T c R a + / ' and contro l unexposed  T c R a - / -  
anim als. Cells isolated from  S PL , M LN , P PL , and PLN  o f  41 
exposed T c R a - / - ,  12 exposed  T c R a + /-  and 17 unexposed T c R a - / -  
mice w ere stained  with the an ti-C S T cR  mAb and analyzed  by FACS. 
D ata are p resen ted  as the m ean ±  1 SO proportion  o f stained cells 
as a percen tage o f  the total cells in a given lym phoid organ p repa
ration.

TcRjS*̂  cells in different samples ranging between 1.2 and 45. 
The ratios also differed dramatically both between different 
tissues of an individual mouse and between individual mice, 
suggesting that y8* T cells and /3^a- T cells proliferated, at 
least to some extent, independently. Among a total of 128 
paired measurements derived from all the TcRa“/ “ mice 
used in this study, the number of TcRjS^a" cells in a 
particular organ rarely exceeded the number of TcRyS^ cells.

Functional Capability of Cells in Vitro. Cells isolated from 
the SPL and MLN of exposed TcRa"/" mice were analyzed 
for their ability to respond to a mitogenic challenge in vitro. 
Cells from T cR a-/- mice were able to proliferate after 
stimulation with the mitogen Con A (Table 3), although the 
mitogenic response was less than that seen in heterozygous 
animals (data not shown). In addition, y8 T cells from 
exposed T cR a-/- mice were able to mount a large prolifer
ative response after stimulation with purified protein deriv-

n
r t  ^  la  CD

MLN/SPL ratio of y S  T-cell percentages

F ig . 4. Independen t expansion  o f lym phoid organs in exposed  
T c R a - / -  m ice. The ratio  o f  yô  T  cells w as determ ined from  paired 
m easurem ents o f the percen tages found in the M LN  versus the SPL  
o f  60 m ice. T hese ratios w ere div ided  into ranges and the num ber o f 
m ice w ithin each range w as p lotted.
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F ig . 5. yôT  cells from  exposed  T c R a - / -  mice express activation 
m arkers. Cells isolated from the SPL  o f T c R a - / -  mice w ere stained 
w ith an tibodies to CD69 and TcR ô and analyzed by FA C S. The 
p roportion  o f positively stained cells is indicated as a  percentage in 
each  o f  the quadran ts. A FA CS profile from  a single m ouse is shown.

ative (PPD) (3). Together, these data demonstrate that the 
enlarged lymphoid organs of exposed TcRa"/" mice are 
composed of functionally competent polyclonal cells.

DISCUSSION

We demonstrate that mutant mice lacking TcRa)3^ cells 
respond to an adventitious pathogenic challenge by increas
ing the size of lymphoid organs and by a major proliferative 
expansion of T cells, particularly TcRy8+ cells. Moreover, 
since y8  T cells are preferentially localized to epithelial 
surfaces (2, 4-6), the increased cellularity in the lymphoid 
organs analyzed in this study revealed a conspicuous pres
ence of y8T cells in sites where they are usually rare. In some 
cases, y8  T cells approached the numbers of aj3 T cells that 
would colonize the equivalent site in wild-type mice.

It is clear that the expansion of y8  T cells in TcRa"/" 
animals does not require a)3 T-cell help. Although many 
studies have reported antigen reactivity for murine y8T cells 
in vitro (7-10), it is important to elucidate the differences 
between in vivo y8  T-cell reactivity p er  se and yô T-cell 
reactivity as a bystander effect of TcRa)3 cell activation. In 
the majority of in vivo  studies to date, it is difficult to 
determine conclusively whether the observed increased re
activity or proliferation of TcRyô-expressing cells is due to 
specific yô T-cell activation without a)3 T-cell help (11-17). 
Consistent with the observations presented here, a recent 
report on another strain of TcRa"/" mutant mice has also 
demonstrated that TcRyô-expressing cells may have a role in 
regulatory immunity in the absence of a/3T cells, particularly 
with respect to the control of bacterial infections (18).

Table 2. y  and Ô TcR  gene expression  in T c R a " /"  mice

Prim er Band Size, bp Prim er Band Size, bp

V y l-Jy 4 + 4- 426 VÔ1-J51 4 - 170
V y 4 -C y l + 225 VÔ3-JÔ1 4 - 170
V i6 -C y l 4- 350 VÔ5-JÔ1 + + 250
V y7 -C y l 4- 235 VÔ6-JÔ1 + + 150

y and STcR  gene usage in T c R a - / -  mice w as determ ined by PCR 
analysis perform ed on cD N A  from the SPL . A + indicates tha t a 
D NA  fragm ent o f  the appropria te  size w as am plified from  splenocyte 
cD N A . A lthough PCR is essentially  qualita tive, a + +  indicates that 
the signal obta ined  relative to  a /3-tubulin contro l w as reproducib ly  
stronger than m ost o f the o th e r TcR signals. V, variable dom ain; J, 
jo in ing  segm ent; and C , constan t dom ain.
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F ig . 6. Increases in TcRjS'̂ a" cells in exposed TcRa"''" mice 
compared to control TcRa"/" animals housed in pathogen-free 
isolators. Cells isolated from the SPL and MLN of 29 exposed and 
15 control TcRa"/" mutant mice were stained with the anti-CjS TcR 
mAb and analyzed by FACS. The percentage of cells which stained 
positively for TcRjS was recorded. Absolute numbers of TcR^+a"- 
expressing cells were determined from the cell yields together with 
the relative proportion of cells that were stained for each individual 
mouse.

The origin of TcRjS'^a" cells, described previously in 
another T cR a"/"  strain (19), is unknown, although the 
population comprises both CD4" cells, like progenitor thy
mocytes, and CD4^ cells, like mature TcRajg^ cells in 
wild-type mice. It therefore remains possible that TcRjS^a" 
cells represent an uncharacterized mature peripheral T-cell 
population, although biochemical evidence suggests that 
mature T cells cannot express stable cell surface TcRjS chains 
in the absence of TcR a chains (20). The data presented in this 
study suggest that this unique population is able to expand, 
together with, but independently of, y8 T cells.

T-cell proliferation in exposed T cR a"/"  mice is accompa
nied by B-cell maturation and high levels of secretion of 
immunoglobulin classes traditionally regarded as being T-cell 
dependent (3). Increased levels o f serum immunoglobulin G 
have also been observed in mice deficient in interleukin 2 
(21), while, in contrast, antibody production has clearly been 
demonstrated to be deficient in mice lacking TcRa)3+ CD4+ 
cells (22-25). It is possible, therefore, that some of the y8 T 
cells proliferating in the T cR a"/"  mice may help immuno
globulin production (3). Although immunoglobulin isotype 
switching is generally considered to be dependent on TcRajS"^ 
cells, there is already some evidence of Qa-l-restricted y8 T 
cells providing B-cell help (26).

Table 3. Con A mitogenic activation of splenic y8 T cells 
in TcRa"/" mice

pHlThymidine 
incorporation, cpm*

Con A, jag/ml SPL MLN

0 3,033 5,903
1.25 16,385 19,277
2.5 40,428 38,200
5 42,176 48,322

*A11 SEM were less than 15%.

Studies such as those reported here are important for 
assessing the extent to which the different TcRajS, TcRyS, 
and B-cell immune compartments are interdependent. It is 
widely accepted that TcRaj8+ cells play a critical role in the 
initiation and regulation of many aspects of the immune 
response (27-30). Therefore, it is interesting that, although no 
antigen-specific responses have been demonstrated, the im
mune response in T cR a"/"  mice is not. totally paralyzed by 
the absence of TcRajS-expressing cells, but rather is unreg
ulated. The formal dem onstration of the expansion of 
TcR-yg^ cells in the absence of TcRajS^ cells emphasizes the 
importance of considering the different possible mechanisms 
that may normally control immune regulation. This study 
highlights the importance of a)3 T cells in a different, and 
equally important aspect of regulation, namely the control of 
the extent of the immune response. Our data suggest that the 
capacity to regulate local T-cell and B-cell proliferation may 
be lost in the absence of ajS T cells. This regulation may be 
directly mediated by a specific population of ajS T cells, or 
indirectly mediated by activating the clearance mechanisms 
for the removal of bulk antigen.

The data presented here suggest an explanation for the 
observation that T cR a"/"  mice develop intestinal pathology, 
described as inflammatory bowel disease (31). Any antigenic 
challenge, perhaps generated by normally nonpathogenic 
microorganisms, will initiate local expansion of lymphoid 
tissues that may generate inflammatory responses resulting in 
an inflammatory bowel disease-like pathology. Thus, relative 
cleanliness of animal facilities may govern the pathology of 
these and other mutant mouse strains.
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Corrections

Page Paragraph Line
2 2 1 identified
12 8 protein
14 3 2 sequences
16 1 1 specificity
20 3 6 Staphylococcal

22 1 5 expression
7 molecules
9 properties

23 2 4 IL-6, IL-10
5 IL-13

29 2 5 transgenic
30 1 3 phosphorylated
34 2 6 diversity

Staphylococcal
35 2 6 significantly
36 1 12 differentiate
37 1 8 evidence
39 1 6 receptors
42 1 16 switching
51 3 6 required
79 3 9 junctional

2 6 aspects
81 2 2 conditions

3 1 independent
82 1 13 antigens

2 3 expansion
110 1 19 than
117 1 2 following
121 2 1 independently
124 3 2 the (delete)
125 1 1 stages
128 2 8 response
129 3 5 conventionally
149 1 8 presence
179 1 6 response

3 3 responses
181 1 3 demonstrated
186 2 6 IL-10-/-

7 IL-2-/-
187 1 6 but IL-2"/- JH'/- double mutants do
188 1 9 IL-2-/-

11 IL-10-/-
193 2 17 Figure 6.2b
197 2 16 Parrott

17 or
198 2 20 demonstrated
201 2 2 contribution

2 5 germinal
3 111 hybridomas



References

Page
213 Gray J. Exp. Med.
214 Hacker page nos 105-106
220 MacLennan 1986 not 1992

Additions

Havran, W.L., Chien, Y.H. and Allison, J.P. (1991). Recognition of self antigens by 
skin-derived T cells with invariant gamma delta antigen receptors. Science. 252 : 
1430-1432.

Rada, C., Gupta, S.K., Gherardi, E., Milstein, C. (1991). Mutation and selection 
during the secondary response to 2-phenyloxazolone. Proc. Natl. Acad. Sci. USA. 
88:5508-5512.

van Gent, D.C., McBlane, J.F., Ramsden, D.A., Sadofsky, M.J., Hesse, J.E. and 
Gellert, M. (1995). Initiation of V(D)J recombination in a cell-free system.Ce//. 81 : 
925-934.


