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Cell surface molecules involved in the regulation of B cell activation.
Lynn Tasker

ABSTRACT

The rat monoclonal antibody (mAb) LR-3 was shown to be directed towards a cell
surface antigen expressed on murine B cells, thymocytes, erythrocytes and on B cell
lines representing various stages of differentiation from the pre-B cell stage to
mature, class-switched B cells. In this report, mAb LR-3-containing hybridoma
culture supernatant was shown to be strongly mitogenic for resting B cells in the
absence of any co-stimulus. LR-3 was also found to co-stimulate with sub-mitogenic
concentrations of anti-immunoglobulin antibodies in the induction of B cell
proliferation. However, removal of mAb LR-3 from the hybridoma supernatant by
immunoaffinity absorption demonstrated that B cell stimulatory activity could be
dissociated from the monoclonal antibody.The hybridoma line was subsequently
found to be contaminated with mycoplasma. Cell surface molecules recognised by
mAb LR-3 were found to be lineage-specific, and similarity to the molecules
reported to be recognised by mAbs reactive with heat stable antigen led us to
conclude that mAb LR-3 recognises HSA.

The ligand for the B cell surface antigen CD40 was recently cloned and the
molecule shown to be expressed on activated T cells. In the second part of this
thesis, the biological effects of a recombinant, soluble CD40 ligand-CD8a fusion
protein (CD40L) were investigated. Crosslinked CD40L was found to enhance the
expression of cell surface class I MHC and CD23 molecules and to induce
proliferation in splenic B cells from both adult and neonatal mice. Evidence
suggests that activation of mature B cells by antigens requires a second signal that
prevents tolerance. The effect of CD40 ligation on anti-Ig-mediated 'negative
signaling' was investigated. CD40L was shown to rescue cells of the WEHI-231
lymphoma line from anti-Ig-mediated growth inhibition, but, in contrast, failed to
prevent anti-Ig-mediated inhibition of the neonatal B cell proliferative response to
bacterial lipopolysaccharide. This data indicates that WEHI-231 cells may not, as
previously thought, represent immature, tolerance-sensitive B cells. During the
course of these studies it was found that cross-linking of mIgM on neonatal B cells
failed to induce upregulation of class II MHC, although the same treatment induced
powerful upregulation in adult B cells. Neonatal B cells were, however, responsive
to other signals which induce increased expression of class II. This novel finding
may provide an insight into the poor antigen-presenting ability of neonatal B cells.
Despite the differential responsiveness to anti-Ig antibodies, adult and neonatal B
cells were shown to display a similar range of newly tyrosine phosphorylated
substrates following receptor ligation.



CHAPTER 1

GENERAL INTRODUCTION

B and T lymphocytes are the cells which account for the specific nature of
immunity, each individual lymphocyte being committed to respond to a limited
number of structurally related antigens. This is due to the expression of cell surface
antigen receptors specific for determinants on the antigen. B lymphocytes are the
cells of the immune system which are responsible for the production of antibodies.
Each individual B cell, or clone of B cells, bears on its surface immunoglobulin
molecules of identical specificity which act as antigen receptors. It is the existence
of a large number of different clones that allows an animal to respond to virtually

any foreign antigen.

During B cell development, which in the adult mammal occurs in the bone marrow,
genetic elements encoding the cell surface immunoglobulin receptor are assembled.
Immunoglobulin molecules are made up of heavy (H) and light (L) chains, each of
which consists of variable and constant regions. The genetic elements that encode
these polypeptides are non-contiguous in germline DNA, and it is during B cell
development that genetic translocation events, involving sets of V, D and J region
elements occur that result in an expressible variable (V)-region gene. These
rearrangement events are partly responsible for the generation of repertoire
diversity. The heavy chain constant region that is initially expressed with the
variable region is that designated u. Following light chain rearrangement (x or A), a
newly generated or immature B cell expresses surface immunoglobulin molecules of
the IgM class; further maturation leads to the co-expression of the é constant region

with the same variable region, and hence of IgD of identical specificity.



Activation of a B cell by cross-linking of its membrane immunoglobulin by antigen
or, experimentally, with anti-immunoglobulin reagents results in clonal expansion
and either differentiation to an antibody secreting plasma cell, accompanied by a
loss of membrane immunoglobulin expression, or to memory cell formation.
Antigen selects from the repertoire of resting B cells, each expressing one of the
diverse sets of variable regions of H and L chains of immunoglobulin on their
surface, with antigen specificity identical to that of immunoglobulin secreted by
their differentiated progeny. Internalisation and processing of the antigen, and
subsequently expression of peptides in association with class II MHC molecules,
enables B cells to present antigen to and interact with, antigen specific "helper' T
cells. This interaction results in the further activation of the B cell due to both the
expression of various molecules on the surface of the T cell, for which the B cell

expresses receptors, and also to the secretion of cytokines by the T cell.

The production of antibody under these circumstances is termed the primary
antibody response and is characterized by being mainly an IgM response. Memory
cells give rise to the swifter and greater secondary antibody response which follows
rechallenge with the same antigen. The differentiation of B cells to memory cells
occurs in specialized areas of lymph node and spleen, known as germinal centres. It
is here that maturation of antibody affinity takes place, a process which depends on
somatic hypermutation of the Ig genes. Those cells with receptors of increased
affinity for antigen being selected for continued proliferation and/or differentiation.
Secondary antibody responses by memory cells are characterised by the dominance
of antibodies of the IgG, IgA, or IgE isotypes. This reflects the fact that the
responsive cells have undergone class-switching, which involves further gene
rearrangements permitting the utilisation of heavy chain constant regions other than

p or é.



The random nature of immunoglobulin VDJ gene rearrangement during
development, and of somatic hypermutation in the germinal centre, employed in the
drive to increase receptor diversity, make it inevitable that antigen receptors capable
of recognising self determinants will be generated. However, under normal
circumstances, mechanisms exist which prevent responses to self-antigens. Both
clonal elimination and clonal anergy appear to play crucial roles in this

phenomenon.

1.1 B cell development

In rodents, the bone marrow is recognised as the primary postnatal production site
of immunoglobulin (Ig)-bearing B lymphocytes, continuously producing new cells
throughout the life of the individual. Experiments involving 3[H]-thymidine infusion
into adult mice have shown there to be a total body production rate in the order of
5x107 lymphocytes per day. Double labelling techniques which combined 3[H]-
thymidine labelling with surface IgM detection by radioiodinated anti-
immunoglobulin binding, revealed a rapid renewal of surface IgM-bearing cells
(Osmond and Nossal, 1974). Small lymphocytes lacking detectable surface Ig
became rapidly labelled after the onset of 3| H|-thymidine administration, whilst
surface IgM* small lymphocytes showed a lag of approximately one day before the
entry of labelled cells. These early experiments lead to the conclusion that B
lymphocytes are rapidly generated in the bone marrow from surface Ig negative,

actively cycling, local precursors.

Immunohistochemical staining of fetal haemopoietic tissues and adult bone marrow,
and also of hybridomas made from fetal liver lymphocytes, led to the important
discovery that in a proportion of cells u heavy chains were expressed in the absence

of light chains and that these chains could be detected intracytoplasmically but not at



the cell surface. Cells of this phenotype being referred to as pre-B cells (Raff et al.
1976; Burrows, LeJeune and Kearney, 1979). Later studies of the bone marrow B
cell precursor pool allowed its dissection into several populations (Landreth et al.
1981; Opstelten and Osmond, 1983). These include a population of self-renewing
progenitor (pro) B cells which could be shown to give rise to the pool of actively
cycling large precursor (pre) B cells, and a population of small non-cycling pre-B
cells. The large pre-B and small pre-B cell populations appeared to have lost self-
renewal capacity. In these experiments the large pre-B cells were shown to generate
small pre-B cells, whilst the small pre-B cells were shown to differentiate, without
cell division, to a surface pu+ve phenotype. The available evidence meant that the
development of B cells could thus be divided into more or less defined stages: A
population of self-renewing pro-B cells giving rise to large, cycling precursor B
cells. These cells in turn leading to the generation of small resting pre-B cells that

subsequently differentiate into p+ve cells.

A wide range of techniques have been employed to further analyse the sequence of
events occurring during the development of B cells, and the nature of the signals
involved in driving this differentiation programme. The stages of B cell
development involve the commitment of haemopoietic stem cells to the B cell
pathway, ultimately leading to rearrangement of V, D and J sequences of
immunoglobulin (Ig) genes and eventual expression of cell surface Ig to serve as
antigen-specific receptor. Techniques that have been critical in the understanding of
various aspects of B cell development include the development of lymphoma cell
lines representing different stages of maturation, the development of long term bone
marrow culture techniques, analysis of cell surface marker expression by flow
cytometry and, more recently, the ability to manipulate gene expression by

transgenic and 'knockout' technology.



Little was known about the mechanisms involved in regulating the various
maturation stages which precede the expression of membrane Ig until lymphoma cell
lines representing these stages became available. It first became possible to analyse
immunoglobulin gene rearrangement events with the help of cell lines isolated by
transformation with Abelson murine leukaemia virus (A-MuLV). This defective
retrovirus has proved to be a useful tool because it preferentially transforms cells of
the B lineage, commonly at the pre-B cell stage (Baltimore et al. 1979). Most A-
MuLV transformants retain an active V(D)J recombinase system and have been used
widely in the study of the molecular mechanisms involved in the assembly of the Ig

loci.

These studies lead to the following model of B cell development (for review see; Alt
et al. 1987): B cell precursors first assemble Dyly rearrangements (H=heavy
chain), followed by Vg to DyJy. Pre-B cells which contain a rearranged IgH allele
in which a continuous translational reading frame has not been established cannot
express intact p protein and do not progress to maturity. If the rearrangement is
productive, further heavy chain rearrangement ceases. This appears to be followed
by rearrangement at the light chain loci, V, to J preceding V) to J) rearrangement.
Once light chain mRNA has been translated, the immunoglobulin molecule can be

expressed at the cell surface.

The ordering of progress through this sequence of events has been taken to imply
the existence of a mechanism by which a productive heavy chain locus
rearrangement influences subsequent events. One way in which this has been
postulated to occur is for the B cell to express the corresponding chain at the cell
surface where it could act as a signaling molecule. Heavy chain loci are, however,
expressed before « light chain loci and since heavy chain could only be detected at
the cell surface as part of a complex including light chain, it was difficult to

envisage how heavy chain could be expressed and function as a putative signaling



molecule. The isolation of the A5 and VpreB genes (Kudo et al. 1987; Kudo and
Melchers, 1987; Jongstra et al. 1988) challenged the idea that « (or A) expression
was required for surface expression of u chains. These genes were shown to encode
the components of the so-called pseudo or surrogate light chain, the A5 sequence
showing homology to light chain constant region, and VpreB to the variable region
of light chain genes. Using antibodies raised to these polypeptides, they were
subsequently shown to be expressed on the surface of some Abelson virus and
chemically-transformed murine, pre-B cell lines in a p chain/A5/Vpre complex
(Pillai and Baltimore, 1987, Misener et al. 1991). These cell lines have usually been
considered to be transformed counterparts of normal late pre-B cells, raising the
expectation that a similar complex might be detected on their surface and evidence
for such a complex on normal human pre-B cells has been obtained (Nishimoto et

al. 1991).

Low level expression of surrogate light chain has also been detected on the surface
of a B lineage cell line in which the Ig locus is still in germline configuration and
also on early pre-B cell lines where only DyJy rearrangement has taken place,
suggesting that the A5/VpreB complex could be expressed without association with p
chain (Karasuyama et al. 1993). Immunoprecipitation from lysates of these u-
negative early B cell lines identified a complex of glycoproteins which co-
precipitated with surrogate light chains. This complex, consisting of polypeptides of
MW 130kD (gp130) and 35-36kD (gp35-36) has been termed surrogate heavy
chain. To date there is no published evidence for expression of these complexes on
B lineage cells from normal murine bone marrow, suggesting a cautious approach in
the formulation of models of normal differentiation from data derived using

transformed cell lines.

The development, by Whitlock and Witte, of long term bone marrow culture

techniques, which allow B progenitor cells to be grown and maintained in vitro for



long periods of time under defined culture conditions, provided an important
method of examining the earliest stages of B cell development (Whitlock and Witte,
1982). These cultures demonstrated the critical role played in lymphopoiesis by the
network of stromal cells which make up the bone marrow microenvironment.
Experiments using this system indicated that stromal cells are a source of soluble
growth factors and developments in the culture and cloning of stromal cell lines
allowed the isolation and characterisation of such factors. Stromal cell lines could be
shown to support sustained B lymphopoiesis in vitro and cell-free supernatants from
some of these were demonstrated to be sufficient to support the long term growth of

B lineage cells.

Molecular cloning experiments lead to the identification of murine interleukin-7 (IL-
7) as the main cytokine influencing the survival and proliferation of B progenitor
cells (Namen et al. 1988). Injection of neutralizing anti-IL-7 antibodies has been
shown to completely inhibit bone marrow B cell generation (Grabstein et al. 1993).
It is evident however that IL-7 alone is not sufficient for long term B cell generation
in vitro. C-Kit Ligand (KL), for which some B progenitors express the receptor, c-
Kit, also appears to be needed for long term growth (Rolink et al. 1991). Some B
cell progenitors can grow in vitro in the presence of IL-7 alone whereas some
require both IL-7 and KL, and it has been shown that those progenitors that require
IL-7 and KL subsequently give rise to those progenitors that grow in IL-7 alone.
This correlates with the expression of c-kit on the more immature B progenitor cells

in adult marrow (see below).

Other soluble mediators which have been characterised in this system include pre-B
cell growth stimulating factor (PBSF), pre-B cell co-stimulating factor (BST-1),
insulin-like growth factor (IGF-1) and pre-B cell colony enhancing factor (PBEF),

which all have positive, growth promoting effects. Negative regulators have also



been identified, including sex hormones, glucocorticoids and transforming growth

factor (TGF)-$ (Kincade, 1994).

In addition, there is considerable evidence that direct cell-cell interactions are
important in directing the proliferation and differentiation of B cell precursors in the
bone marrow. These interactions have been shown to involve cell adhesion
molecules (CAMs) (Kincade, 1993). Members of the integrin family, principally
a4f31, are expressed on developing lymphoid cells and interact with VCAM-1 which
has been shown to be expressed on stromal cell lines. Antibodies to 81 integrins
have been shown to markedly inhibit B cell generation in long term cultures. In
humans the 82 integrin lymphocyte functional antigen (LFA)-1 increases in density
as B lymphoid cells develop; its ligand ICAM-1, however, has not been found to be
expressed on stromal cells and to date there is no evidence to indicate this family of
integrins play a critical role. A monoclonal antibody directed to an isoform of the
CD44 family of molecules has been shown to inhibit the binding of a B lineage
hybridoma to stromal cells and to block proliferation in long term marrow cultures,

thus implicating this family of CAMs in B lymphopoiesis.

Cytokines may also influence the transition of B cell progenitors between the
various stages in their development, thus both IL-4 and IL-1, which have been
shown to be elaborated by stromal cells, enhance differentiation of the pre-B cell

line 70Z/3 from the cytoplasmic Ig positive to surface Ig positive phenotype.

Improved techniques in flow cytometry and multiparameter analysis have also
allowed better resolution and characterisation of early stages of B cell development,
independent of Ig expression (either heavy or light chain), in mouse bone marrow.
The most widely cited method for dissecting B cell differentiation is the one
developed by Hardy et al, based on the differential expression of certain cell surface

markers, subsequently placed in the context of Ig gene rearrangement events (Hardy



etal. 1991; Li, Hayakawa and Hardy, 1993; Ehlich et al. 1993). Hardy and co-
workers found that in normal mice the pre-B cell compartment consists of cells
which are negative for surface Ig and positive for the pan B cell marker B220. They
demonstrated that these cells could be further subdivided into four fractions based
on differential cell surface expression of CD43 (S7/leukosialin), BP-1 and heat
stable antigen (HSA). According to this scheme, B cell differentiation proceeds
through the following stages: Fraction A, B220*CD43+HSA-BP1-; fraction B,
B220+*CD43+HSA* BPI-; fraction C, B220+CD43+HSA+BP1+; fraction D
B220*CD43-. The CD43 positive fractions, A, B, and C, could proliferate and
differentiate in Whitlock-Witte type stromal cell culture, whereas the largest
fraction, lacking CD43, consisted of small cells that did not proliferate in these
stromal cell cultures. Phenotypic analysis of cells in culture suggested an order of
differentiation from fraction A to B to C, and a progressive loss by the cells of
contact dependence of proliferation during this process. Eventually the cells become
CD43 negative, non-cycling small pre-B cells. A subset of fraction C that expresses
higher levels of HSA and has a high proportion of cycling cells has been labelled
C'. The B220+/CD43" cells in mouse bone marrow can be divided into three
fractions: Ig negative small pre-B cells, IgM* immature B cells, and IgM+*/IgD+*

mature B cells, labelled fractions D, E and F respectively.

Using PCR, Hardy and co-workers (Hardy et al. 1991; Li et al. 1993) characterised
the gene rearrangements of sorted cells from the above fractions. The Ig genes from
cells of fraction A were found to be in germline configuration, with increased D-J
rearrangements in cells from fractions B and C. In contrast, CD43- cells from
fraction D showed complete V-D-J rearrangement. Most ViJk rearrangement
appeared to take place in the resting CD43- fraction (D), although these events
could be detected in earlier fractions. The rearrangement of Ig genes is clearly
subject to developmental control. This is at least partly achieved by regulation of the

recombinase activating genes RAG-1 and RAG-2. Transcripts of these genes appear

10



preferentially in fractions B to D, consistent with their role in V(D)J rearrangement

(Li et al. 1993) (Fig. 1.1)

Recent developments in transgenic and knockout technology have also provided
important information of the consequences when particular genes fail to be
expressed appropriately and this has led to a greater understanding of the sequence
of events occurring during B cell development. The earliest block detected so far is
in mice lacking the products of the RAG-1 and RAG-2 genes, which are involved in
rearrangement events. In RAG-2 deficient mice B cell differentiation is arrested at
the large B220*/CD43* pre-B cell stage, the Ig genes remain in germline

configuration and the mice lack mature T and B lymphocytes.

It has been suggested that products of Ig gene loci play a role in the regulation of
rearrangement events, and gene targeted mice have been used to analyse, in vivo,
the requirement for Ig chains for competent B cell differentiation (fig. 1.1).
Homozygous disruption of either the u exon, resulting in a lack of membrane u
chains (uMT; Kitamura et al. 1991; Ehlich et al. 1993), or the Jy cluster, resulting
in an inability to assemble DyJy and VyDyly complexes, and therefore a complete
lack of heavy chains (JyT; Ehlich et al. 1993), similarly block B cell development at
the B220+/CD43+ stage. These cells are present at normal or even elevated levels,
whilst cells corresponding to fractions C' and D are absent. This evidence indicates
that pre-B cell development can occur independently of Ig gene rearrangement, at
least up to the fraction C stage. In addition to this, targeted disruption of the u exon
has been shown to result in the loss of heavy chain allelic exclusion in heterozygous
mice (Kitamura and Rajewsky, 1992), with a greater percentage of bone marrow
cells expressing products of both y alleles in the cytoplasm, than control mice. This
evidence supports the idea that membrane p chain plays a signaling role in heavy

chain allelic exclusion.

11



B220 + + + + o+
CD43/S7 + + - - -
HSA - + ++ + +
BP-1 - - Ea - - =
sigM - - . % ¥ +
sigD - - = = = =
pre- pro-B small B
pro-B (resting)
pre-B

Fig. 1.1

Stages of murine B cell development

Stages in B cell ontogeny as defined by multiparameter flow cytometric analysis of cell surface
markers by Hardy et al. (1991). Developmental blocks associated with homozygous disruption of the
genes encoding uM, Jg, RAG-1 or -2, and A5 are indicated. Dotted line from C to E indicates a
hypothetical alternative pathway for B cell maturation as proposed by Ehlich et al. (1993).

From: Desiderio, (1994)
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